e-ISSN: 2980-2695

NS AP”

. JOURNAL OF STUDIES IN
- ADVANCED TECHNOLOGIES

/

\
ILERI TEKNOLOJILERDE
CALISMALAR DERGISI

/

KO\

" December|Aralik 2024

\ Volume | Cilt: 2 Issue|Sayi: 2




Journal of Studies in Advanced Technologies

[ileri Teknolojilerde Caligmalar Dergisil

JSAT
Volume / Cilt Issue / Sayt December | Aralik
Owner / Sahibi

Prof. Dr. Mehmet Biber
Rector (Rektor), Ardahan University, Tiirkiye

Editor in-Chief / Bas Editor

Dr. Ogr. Uyesi Arif Cem Topuz, Ardahan University, Tiirkiye
Dr. Ogr. Uyesi Akif Goktug Bozkurt, Ardahan University, Tiirkiye

Publication Board |/ Dergi Kurulu

Prof. Dr. Alper Nuhoglu, Ataturk University, Tiirkiye
Prof. Dr. Okan Estiirk, Ardahan University, Tiirkiye
Prof. Dr. Mahmut Firat, Inonii University, Tiirkiye
Dog. Dr. Ahmet Akkose, Ataturk University, Tiirkiye
Dog. Dr. Ali Yesildag, Kafkas University, Tiirkiye
Dog. Dr. Ali Baltakesmez, Ardahan University, Tiirkiye
Dog. Dr. Asif Yokus, Firat University, Tiirkiye

Editorial Board | Yayin ve Danisma Kurulu

Prof. Dr. Mahmud Glingor, Civil Engineering- Pamukkale University, Tiirkiye

Prof. Dr. Yal¢in Bozkurt, Animal Science- Isparta University of Applied Sciences, Tiirkiye
Prof. Dr. Yasar Nuhoglu, Environmental Engineering, Yildiz Technical University, Tiirkiye

Prof. Dr. Ummihan Danus, Environmental Engineering- 19 Mayis University, Tiirkiye

Dog. Dr. Abdullah Ates, Electric-Electronic Engineering- Inonii University, Tiirkiye
Dog. Dr. Hasan Ufuk Celebioglu, Molecular Biology and Genetic, Bartin University, Tiirkiye
Dog. Dr. Ali Riza Deniz, Physics, Hakkari University, Tiirkiye
Dog. Dr. Serbay Duran, Mathematics, Adiyaman University, Tiirkiye
Dog. Dr. Hiilya Durur, Mathematics, Ardahan University, Tiirkiye
Dr. Ogr. Uyesi Ayse Burcu Atalay, Food Engineering, [3dir University, Tiirkiye

© 2024 Ardahan Universitesi




Dog. Dr. Bilge Ertekin Filiz, Food Engineering, Siileyman Demirel University, Tiirkiye
Dr. Ogr. Uyesi Ezgi Demir Ozer, Food Engineering, Kapadokya University, Tiirkiye
Dr. Ogr. Uyesi Gilsen Kiling, Mathematics, Adiyaman University, Tiirkiye
Dog. Dr. Mehmet Murat Ceylan, Food Engineering, Hatay Mustafa Kemal University, Tiirkiye
Dr. Ogr. Uyesi Semahat Doruk, Chemical Engineering, Cankirt Karatekin University, Tiirkiye
Dr. Ogr. Uyesi Sevda Ocak, Environmental Engineering, Giresun University, Tiirkiye
Dr. Ogr. Uyesi Sevgin Diblan, Food Engineering, Tarsus University, Tiirkiye
Dr. Ogr. Uyesi Umit Yasar, Medical Biochemistry, Ardahan University, Tiirkiye
Dr. Ogr. Uyesi Zehra Giil Yasar, Physiology, Ardahan University, Tiirkiye
Dr. Ogr. Uyesi Nihat Emre Borekgi, Ardahan University, Tiirkiye
Dr. Liitfi Bilal Tagyiirek, Physics, Malatya Turgut Ozal University, Tiirkiye
Dr. Didem Rodoplu Solovchuk, Nanotechnology, National Health Research Institues, Taiwan

Writing Editor /| Yazim Editorii

Dr. Ogr. Uyesi Niyazi Ipek, Ardahan University, Tiirkiye

Layout Editor /| Mizanpaj Editorii

Dr. Ogr. Uyesi Nihat Emre Borekgi, Ardahan University, Tiirkiye

Technical Coordinator /| Teknik Koordinator

Ogr. Gor. Sinan Ust, Ardahan University, Tiirkiye

Journal of Studies in Advanced Technologies (JSAT) is an international, peer-reviewed
journal, published biannually (June and December). Publication languages are Turkish and
English. During the publication process of articles, similarity control reports for each
submission are provided by both our journal system (DergiPark) and the authors. JSAT is an
open access and licensed under a Creative Commons Attribution-NonCommercial 4.0
International License.

Ileri Teknolojilerde Caligmalar Dergisi (JSAT) uluslararasi, hakemli bir dergidir ve yilda iki sefer
Haziran ve Aralik aylarmda yaymlanmaktadr. Yayin dili Tiirkce ve Ingilizcedir. Makalelerin
yayinlanmast siirecinde her gonderim icin benzerlik kontrol raporlart hem dergi sistemimiz (DergiPark)
hem de yazarlar tarafindan saglanmaktadir. J[SAT makaleleri acik erisimlidir ve Creative Commons Atif-
GayriTicari 4.0 Uluslararas: Lisansi ile lisanslanmgtir.

https://jsat.ardahan.edu.tr
jsat@ardahan.edu.tr

© 2024 Ardahan Universitesi


https://jsat.ardahan.edu.tr/
mailto:jsat@ardahan.edu.tr

CONTENTS / ICINDEKILER

Author(s) /Yazar(lar) Title /Baglik Page/Sayfa
(Research article/Arastirma makalesi)
Ilteris Taskolu Trend Analysis of Precipitation and Temperatures in the Black Sea
Resat Acar Region Using the Innovative Trend Analysis 74-82
Burak Cirag Karadeniz Bolgesinin Yenilikci Sen Yontemi Kullanilarak Yagis ve
Sicakliklarimin Trend Analizi
(Research article/Arastirma makalesi)
Necla Barlik The Levels of Main Air Pollutant Parameters and Their Effects on
Révsen Guliyev Air Quality Index for Ardahan in the Period 2019 - 2023 83-94
Mustafa Akgiin 2019 — 2023 Déneminde Ardahan’da Baslica Hava Kirletici Parametrelerinin

Furkan Boztas
Mahmut Firat

Salih Serkan Kaleli

Serkan Yildirim
Arif Dag

Cem Bolen
Omer Arpacik
Orhan Celiker
Mustafa Akbuga
Eda Tor

Bilge Saymn

Seviyeleri ve Hava Kalitesi Indeksine Etkileri

(Research article/Arastirma makalesi)

Creation and Calibration of Hydraulic Model for Leakage

Management in Water Distribution Systems 95-107
Iemesuyu Dagitim Sistemlerinde Sizintt Yonetimi icin Hidrolik Modelin

Olusturulmas: ve Kalibrasyonu

(Research article/Arastirma makalesi)

Measuring Digital Data Security Awareness: The Case of Higher

Education Institution 108-119
Dijital Veri Giivenligi Farkindaliginin Olgiimlenmesi: Yiiksekogretim

Kurumu Ornegi

(Research article/Arastirma makalesi)

Supervised Mobile Digital Examination System: Technological

Components Proposal 120-135
Akademik Yaynlara Ait Bilgi Grafik Formlarmm Hazirlanmasina Yonelik

Bir Tasarim Cercevesinin Gelistirilmesi ve Degerlendirilmesi

(Research article/Aragtirma makalesi)

Biomass Production by Yarrowia lipolytica from Olive Mill

Wastewater: Evaluation of Protein Content 136-143
Zeytinyag1 Degirmeni Atiksuyundan Yarrowia lipolytica ile Biyokiitle

Uretimi: Protein Iceriginin Degerlendirilmesi

e-ISSN: 2980-2695

© 2024 Ardahan Universitesi



Journal of Studies in Advanced Technologies
[ileri Teknolojilerde Calismalar Dergisil
e-ISSN: 2980-2695

2008

Research Article

Trend Analysis of Precipitation and Temperatures in the Black Sea Region
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Abstract: To assess the climatic characteristics of the Black Sea Region, trend analyses were performed with Innovative
Trend Analysis (ITA) using precipitation and temperature data obtained from the General Directorate of Meteorology
(MGM) for 13 provinces (Amasya, Artvin, Bolu, Giresun, Giimiishane, Kastamonu, Ordu, Rize, Samsun, Sinop, Tokat,
Trabzon and Zonguldak). The findings show that there is a general upward trend in both precipitation and temperature.
However, the fact that the temperature trend shows a more pronounced increase than precipitation increases the
likelihood that the Black Sea Region will face drought risk in the future. Graphical analysis reveals that Rize, Samsun,
Sinop, and Trabzon stations show a steady upward trend in precipitation data. Although the graph of Tokat station does
not show a clear trend, statistical analysis shows a low increasing trend. On the other hand, temperature trend analyses
show a clear and significant increasing trend in all stations, which is clearly demonstrated in the graphs. This finding
emphasizes that the temperature increase in the region is widespread and significant. The fact that the precipitation in
Tokat station is almost in a constant trend while the temperature is in a significantly increasing trend indicates that
important measures should be taken in terms of drought risk. The study provides important outputs for future studies,
local administrators and decision-makers.

Keywords: Black sea region, temperature, trend analysis, precipitation, innovative trend analysis

Arastirma Makalesi

Karadeniz Bolgesinin Yenilik¢i Sen Yontemi Kullanillarak Yagis ve
Sicakliklarinin Trend Analizi

Oz: Karadeniz Bolgesi'nin iklimsel ozelliklerini degerlendirmek amaciyla 13 il (Amasya, Artvin, Bolu, Giresun,
Glimiishane, Kastamonu, Ordu, Rize, Samsun, Sinop, Tokat, Trabzon ve Zonguldak) i¢in Meteroloji Genel Miidiirligii
(MGM)’nden temin edilen yagis ve sicaklik verileri kullanilarak Yenilik¢i Sen Yontemi (ITA) ile trend analizleri
gergeklestirilmistir. Bulgular hem yagis hem de sicaklikta genel bir artis egilimi oldugunu gostermektedir. Ancak,
sicaklik egiliminin yagisa gore daha belirgin bir artis gostermesi, Karadeniz Bolgesi'nin gelecekte kuraklik riskiyle karsi
karstya kalma olasiligini artirmaktadir. Grafiksel analiz, Rize, Samsun, Sinop ve Trabzon istasyonlarinin yagis
verilerinde istikrarli bir artig trendi gosterdigini ortaya koymaktadir. Tokat istasyonu grafigi, belirgin bir trend
gostermese de istatistiksel analizler diisiik bir artis egilimi oldugunu gostermektedir. Sicaklik trend analizleri ise tiim
istasyonlarda belirgin ve 6nemli bir artig egilimi tespit etmis, bu durum grafiklerle agikca ortaya konmustur. Bu bulgu,
bolgedeki sicaklik artiginin yaygin ve belirgin oldugunu vurgulamaktadir. Tokat istasyonunda yagisin neredeyse sabit
bir trendde seyrederken, sicakligin belirgin bir artis egiliminde olmasi, kuraklik riski agisindan 6nemli tedbirlerin
almmasi gerektigini isaret etmektedir. Calisma, gelecekte yapilacak c¢aligmalara, yerel yoneticilere ve karar vericilere
onemli ¢iktilar sunmaktadir.

Anahtar Kelimeler: Karadeniz bolgesi, sicaklik, trend analizi, yagis, yenilik¢i sen yontemi
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1. Introduction

The Black Sea Region is located in the north of Turkey and attracts attention with its natural beauties,
biodiversity, and economic potential. Agriculture, fisheries, tourism, and energy sectors have an important
place in the region [1]. However, climate change and related environmental factors directly affect economic
activities and living conditions in the region. Therefore, a detailed analysis of climate data in the Black Sea
Region is of great importance for determining sustainable development and environmental management
strategies [2].

In recent years, urban floods have been occurring due to factors such as the increase in impervious areas
with urbanization and short-term and heavy rainfall [3], [4]. In addition to the frequent occurrence of such
disasters in the Black Sea Region, the region with the highest rainfall in Turkey, increasing temperatures with
climate change also increase the risk of drought. Therefore, it is very important to determine the trends of
precipitation and temperature along with drought analysis of the region. There are many methods in the
literature for trend analysis. One of them is ITA. ITA is a modern method used to detect and analyze trends in
time series data. ITA provides more flexible and sensitive results than traditional trend analysis methods [5].
This method has a wide range of applications in various fields such as climate change studies, water resources
management, agricultural productivity, and environmental analysis.

The main purpose of ITA is to make predictions about the trends of data sets by determining the temporal
changes of data at certain time intervals. In doing so, it provides analysis results in two different methods: the
graphical method and the statistical method. The ITA method is especially preferred for analyzing long-term
meteorological data. Drought analysis was performed using precipitation data measured between 1929-2016
in Diyarbakir. Drought index values were determined at 1, 3, 6, and 12-month time scales with the
Standardized Precipitation Index. Drought trends were analyzed using ITA and the driest periods were
determined as 8, 18, 21 and 53 months in 1, 3, 6, and 12-month time scales, respectively. As a result of the
analysis, it was found that extreme dry periods have decreased in recent years and there is a tendency to
decrease by more than 5% in moderately humid periods [6]. Monthly evaporation data from Gaziantep,
Sanlurfa, and Mardin were analyzed by the Mann-Kendall test and ITA. At Sanlurfa station, significant
increasing trends were detected at 95% confidence intervals in May and September and 90% confidence
intervals in October. In May, this increase was calculated as 0.98%/year. The ITA method showed the presence
of trends at low, medium, and high values. As a result, it was determined that the ITA method can be an
alternative to monotonic trend analysis with its ease of calculation and ability to present graphical results [7].
Monthly and annual streamflow drought indices of 7 streamflow observation stations in the Yesilirmak basin
were trend analyzed. In the analyses performed using the Mann-Kendall, ITA, and Thiel-Sen Approach, trend-
free pre-whitening was applied to remove serial dependencies. In the results evaluated according to 1% and
5% significance levels, it was observed that ITA was more sensitive and graphically superior compared to the
Mann-Kendall test. The study showed that increasing hydrological drought trends dominate in the region [8].
Using monthly precipitation data from nine meteorological stations in the Tigris Basin, drought analysis was
performed with the Standardized Precipitation Index at time scales of 3, 6, 12, and 24 months. In the trend
analysis with ITA, the longest dry period was observed at the Cizre station with 158 months in the SYI-24time
scale. The highest drought rate was determined as 58% at Yiiksekova station in SY1-12. In addition, a "very
strong" decreasing trend was detected at Maden station on all time scales [9]. Temperature trends of 14
provinces in the Eastern Anatolia Region were analyzed and Mann-Kendall test and ITA were used. According
to the results of the analysis, a positive trend was found in 12 provinces and a downward trend in Erzurum.
No trend was found in Bitlis at a 95% confidence interval. The results of the three methods largely supported
each other within a 95% confidence interval [10].

This study aims to determine the climatic trends of the Black Sea Region by using annual average
temperature and precipitation data between 1962 and 2023. This analysis using ITA aims to reveal the
temporal dynamics of climate changes in the region. The datasets to be used in the study were obtained from
MGM and this dataset includes annual average temperature and precipitation data. In the analysis process, it
is aimed to identify trends in temperature and precipitation data, to evaluate the statistical significance of these
trends, and to provide predictions about the future climatic dynamics of the region. The findings will contribute
to the development of sustainable agriculture, water resources management, and environmental protection
policies in the Black Sea Region. It will also shed light on the strategic planning necessary for the adaptation
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of the region to climate change. In this context, the results of the study are expected to provide important
information for decision-makers and policymakers in the region.

2. Materyal ve Metot
2.1. Study area

In this study, the provinces of Amasya, Artvin, Bolu, Bolu, Giresun, Giresun, Glimiishane, Kastamonu,
Ordu, Rize, Samsun, Samsun, Sinop, Tokat, Trabzon and Zonguldak in the Black Sea Region were determined
as the study area to perform trend analysis. In this context, total precipitation and average temperature data
for the monthly time period between 1962-2023 were obtained from MGM. The locations of the provinces
and meteorological observation stations determined as study areas in Turkey are given in Figure 1.

TURKIYE
e

. Eart diia S
o ,,{; @ Meteorological Observation Stations
’ Provincial Borders

0 50100 200 300 400
o e mm Kilometers

Figure 1. Black Sea region and meteorological observation stations
The number, basin, and altitude values of the meteorological observation stations are shown in Table 1.
Table 1. Characteristics of Meteorological Observation Stations

Station Number Station name Basin name Station Altitude
17085 Amasya Yesilirmak 409
17045 Artvin Coruh 613
17070 Bolu Bat1 Karadeniz 743
17034 Giresun Dogu Karadeniz 38
17088 Gilimiishane Dogu Karadeniz 1,216
17074 Kastamonu Kizilirmak 800
17033 Ordu Dogu Karadeniz 5
17040 Rize Dogu Karadeniz 3
17030 Samsun Yesilirmak 4
17026 Sinop Bat1 Karadeniz 32
17086 Tokat Yesilirmak 611
17037 Trabzon Dogu Karadeniz 25
17022 Zonguldak Bat1 Karadeniz 135

2.2.1TA

In this study, the ITA method proposed by Sen [2] is used to perform trend analysis. The main advantage
of ITA, unlike other trend analyses, is that it does not require any assumptions or control of the distribution
[11], [12]. In addition, ITA is widely used as it allows to identify in which region the trends are concentrated
with a graphical technique [13]. The main purpose of ITA is to estimate the trends of data belonging to the
same time series. The time series is divided into two equal periods, the first half-time series and the second
half-time series. The data sets of both half-time series are sorted from smallest to largest. The sorted data set
of the first half-time series is positioned on the x-axis in the coordinate system and the sorted data set of the
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second half-time series is positioned on the y-axis in the coordinate system. And then the x=y line is drawn.
According to whether the marked data sets are above or below this line, predictions such as decreasing,
increasing, or no trend can be made [14].

ITA's graphical method process steps are as follows;

e Time series with n number of data

(X1, X2, -+ Xn)s {V1,n/2 y={x1,x2,.., xn/z} ve {J’z,n/z}:{ Xn/2+10 Xn/2+420 ) Xn
is separated according to two simultaneous times.
e The data are sorted from smallest to largest;
{riy={min(yyn/2), - - -5 Vir - - -, max(yy n/2)} (1 <i<n/2)
{r}={min(yzn/2), . -, ¥js - -, max(Yzn/2)} (1 <j<n/2)
{ry={maks(y15/2), - - > Yi - - ., Min(y1n/2)} (1 <i<10/2)

{ry}=1maks(¥2n/2)s - - - » Vjs - - - » MiN(Yz /2)} (1 <j<n/2)
as new series are obtained.

e The values in clusters {r; } and {r, } are matched in pairs and shown in the scatter diagram. In the
graph, the same scale is used on the horizontal and vertical axes and the smallest values of {r;}
and {r,} are matched. Similarly, the largest values of {r;} and {r,} are also matched and these
points have coordinates [Min(y; ,,/2), MiN(y2n/2)], - [MaX(y1,n/2), Max(y,,/2)]- In this case, the
{r,} data represents the first half of the series on the horizontal axis, and the {r,} data represents
the second half of the series on the vertical axis.

e The 1:1 line is drawn.

e A 1:1 line represents perfect correlation. The trend can be interpreted by looking at whether the
data is above or below this line. If the majority of the data lies above the line, this indicates an
upward trend; if the majority lies below the line, this indicates a downward trend. If a data point is
just above the line, it can be said that there is no upward or downward trend for this data [15].

In the graphical method; if the data sets are clustered above the 1:1 line, it indicates an increasing trend,
and if they are clustered below, it indicates a decreasing trend. In some cases, the graphical method does not
give clear results about the direction of the trend. Therefore, the results should be checked statistically [16].
The equations used for this are as follows:

4 - o -

0?2 = = (E(v) - 2E(y) + E(v2)) Q)
_ (EGwy2)-EG2)-E()

Py,y, = - Zgy_lay_zz - (2)
8 ¢?

0-52 = ﬁ?(l - py_z)’]) )
2V2

O'Sz=m0' 1_'0372371 4)

CL(l—a) =0+ ScriticalOs (5)
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In the equations, (y;) is the mean of the first data, (y,) is the mean of the second data, (p) is the correlation
between the first and second data, s is the slope value, n is the number of data, o is the standard deviation of
all data, and gy is the standard deviation of the slope [17].

Scriticar TeTers to the Z critical values for a one-way hypothesis (e.g. at the 95% confidence level). The
critical upper and lower limit values calculated in the last step of the statistical check are established to
determine the limits of the hypothesis test. If the trends of the data obtained from individual stations are outside
the upper and lower confidence limits of the critical s value, it can be said that a trend is present in the data
analyzed. To determine whether this trend is increasing or decreasing, the sign of the critical s is examined. A
positive slope value s indicates an upward trend in the data, while a negative slope value indicates a downward
trend [16].

3. Results and discussion

Trend analysis is often used to determine the climatic characteristics of a region. Although it cannot give
as clear results as drought indices, knowing the trends of temperature and precipitation provides a strong
estimate of the drought status of the region. ITA, which has gained a place in the existing studies in the
literature, has some important advantages over other trend analysis methods. One of these advantages is that
it offers a statistical solution together with the graphical method.

In the graphical method, clustering of the data in the upper region of the trend line indicates an increasing
trend, clustering in the lower region indicates a decreasing trend, and clustering above the trend line indicates
that there is no clear trend. For 13 provinces in the Black Sea Region (Amasya, Artvin, Bolu, Giresun, Giresun,
Glimiishane, Kastamonu, Ordu, Rize, Samsun, Sinop, Tokat, Trabzon and Zonguldak), trend analyses were
carried out with the ITA method using precipitation and temperature data obtained from MGM. As a result of
these analyses, it was determined that, in general, precipitation and temperature values have an increasing
trend. However, the fact that the temperature increase shows a higher trend compared to the precipitation
increase increases the risk of the Black Sea Region facing drought in the future. As a result of the analysis,
the trend graph of precipitation data is given in Figure 2 and the trend graph of temperature data is given in
Figure 3.
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Figure 2. Analysis of precipitation records according to ITA

As a result of the precipitation analysis, the evaluations made by using the graphical method reveal that
the values of Rize, Samsun, Sinop, and Trabzon stations are all located above the trend line, indicating a steady
increase in precipitation. When the graph of the landlocked Tokat station is examined, it is observed that many
points are clustered on the trend line. Although this implies that there is no clear trend, the analysis by
statistical methods shows that the slope value (0.01365) is greater than the Scritic value (0.01129). This reveals
that there is an upward trend, albeit at a very low rate. In their study, Partal and Yavuz [18] conducted a trend
analysis of precipitation data in the Central Black Sea and Eastern Black Sea Region with the ITA method.
As a result of this study, they observed that there is an increasing trend in all stations. In this respect, their

findings are similar to this study.
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According to the results of temperature trend analyses, significantly increasing trends were detected in
all stations. Examination of the graphs clearly revealed this situation and there was no need to resort to
statistical methods. This clear and consistent increase in the graphs clearly shows that the temperature values
have increased at a high rate at each station. This finding reveals how significant and widespread the
temperature increase in the region is. The fact that the precipitation at Tokat station is almost in a constant
trend while the temperature is in a significant upward trend indicates that important measures should be taken
in terms of drought risk. Tokgdz and Partal [17] conducted trend analyses using precipitation and temperature
data for the Black Sea Region using Mann-Kendall and ITA methods. While an increase in precipitation and
temperature was observed according to the results of the ITA method, it was stated that this increase was not
observed in all stations according to the Mann-Kendall method. The analyses they obtained as a result of their
study gave similar results with this study.

4. Conclusions

This study analyzed precipitation and temperature data with ITA to understand the climatic dynamics of
the Black Sea Region and revealed the future climatic risks of the region. The findings generally show
increasing trends in both precipitation and temperature values. In particular, the fact that the increase in
temperature is more pronounced than the increase in precipitation indicates that the Black Sea Region may
face the danger of drought in the future. This situation indicates that the region has become more vulnerable
to the impacts of climate change.

The results of the graphical analyses revealed a steady increase in precipitation in coastal provinces such
as Rize, Samsun, Sinop, and Trabzon, while in Tokat province, the precipitation trend was not evident but
showed a statistically low increasing trend. This finding suggests that climate change impacts in inland areas
may be more complex. Analysis of temperature data showed a clear and significant increasing trend in all
stations. Although the precipitation trend in Tokat province remains constant, the increasing trend of
temperature suggests that there may be an increase in the severity of drought. However, an examination of the
geological structure of the region will contribute to a more accurate and comprehensive conclusion on this
issue.

In conclusion, this study shows how increasing temperature trends and precipitation changes in the Black
Sea Region affect the climatic balance of the region and emphasizes the need to take measures against future
climate risks. The development of regional climate strategies, water resources management, and drought
mitigation policies should become an urgent priority in light of these findings. The continuation of such studies
will help us better understand the impacts of climate change at the local level and develop regional adaptation
strategies.
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In this study, hourly and daily average HKI values of Ardahan city center were calculated for the 5-year period between
2019 and 2023. Hourly average AQI values were compared with the National AQI, and the levels of pollutant parameters
(PM10, SO;, NO,, CO and Os) taken as basis in calculating the AQI were compared with the national regulations. The
average 24-hour PM10 concentration exceeded the 50 pg/ma3 level specified in the regulations in 10.568 of the 41.466
hourly data recorded for at least 3 parameters at the same time, corresponding to approximately 25%. Hourly HKI
averages calculated from the same data set, according to the National HKI evaluation criteria; 388 (0.01%) hours were
in the “unhealthy” or “poor” category and 7.992 (19%) were in the “medium” or “delicate” category. PM10 24-hour
average concentrations, with the highest values recorded between 28 and 31 December 2021, have the largest average
daily values of 379 pug/m3 on 31 December 2021 and the largest average hourly values of 385 pg/m? at 05:00 on the
same date. has happened. The daily average maximum HKI value was calculated as 211 on 29.12.2021 and 214 at 07:00
on the same date. In addition, according to the impact analyzes carried out between AQI and pollution parameters, it
was seen that the 24-hour average PM10 concentrations were the most important parameter affecting the air quality
index, with a rate of 88.5%.

Keywords: AQI, air pollutants, PM10

Arastirma Makalesi

2019 — 2023 Doneminde Ardahan'da Bashica Hava Kirletici Parametrelerinin
Seviyeleri ve Hava Kalitesi Indeksine Etkileri

Oz: Bu ¢aligmada 2019 — 2023 yillarin1 kapsayan 5 yillik siire i¢in Ardahan il merkezinin saatlik ve giinliik ortalama
HKI degerleri hesaplanmustir. Saatlik ortalama HKI degerleri Ulusal HKI ile ve HKi’nin hesaplanmasinda esas alman
kirletici parametrelerinin (PM10, SOz, NO>, CO ve Os) duzeyleri, ulusal mevzuatla ile karsilagtirtlmistir. Ayni saatte en
az 3 parametre igin Ol¢lim kaydedilmis 41.466 adet saatlik verinin yaklasik %25’ine tekabiil eden 10.568 adedinde
ortalama 24 saatlik PM10 konsantrasyonu mevzuatta belirtilen 50 pg/m?® seviyesini agmustir. Ayni veri setinden
hesaplanan saatlik HKI ortalamalari, Ulusal HKI degerlendirme 6lgiitlerine gére; 388 (%0,01) saat “sagliksiz” veya
“koti” ve 7.992 (%19) adet “orta” veya “hassas” kategoride yer almaktadir. 28 — 31 Aralik 2021 araliginda en yliksek
degerleri kaydedilen PM10 24 saatlik ortalama konsantrasyonlari, 31 Aralik 2021°de 379 pg/m? olarak en bilyiik
ortalama giinlilk ve ayni tarihte saat 05:00°de 385 pg/m? olarak en biiyiik ortalama saatlik degerlere sahip olmustur.
Ginlik ortalama maksimum HKI degeri ise 29.12.2021 tarihinde 211 olarak ayni tarihte saat 07:00 igin 214 olarak
hesaplanmustir. Ayrica, HKI ile kirlilik parametreleri arasinda yiiriitiilen etki analizlerine gore % 88,5’liik bir oranla ile
24 saatlik ortalama PM10 konsantrasyonlarmin hava kalitesi indeksini etkileyen en Onemli parametre oldugu
gOrilmiistiir.
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1. Giris

Sanayi, 1sinma ve trafik kaynakli emisyonlar dig ortam hava kalitesini etkileyen en 6nemli antropojenik
kaynaklardir. Hava kirliligi gelir diizeyinden bagimsiz olarak tiim diinyada herkesi etkileyen en 6nemli ¢evre
sorunlarindan ve sagliga yonelik en bilyiik kiiresel risklerden birisi olarak yilda yaklasik 7 milyon 6nlenebilir
oliime neden olmaktadir [1].

Ortam hava kalitesinin izlenmesi ve degerlendirilmesi hava kirliligini kontrol etmede ilk 6nemli adimdir.
Biiytiik miktardaki izleme verisi, genellikle hava kalitesi hakkinda politika yapicilara, diizenleyicilere ve
ozellikle halka basit ve anlagilir bir bilgi iletemez. Cevre kuruluslari, hava kirleticilerinin saglik etkileri
1s181nda hava kalitesi hakkinda kamuoyunu bilgilendirmek ve veri yorumlamak i¢in hava kalitesi endeksini
(HKI) kullanmaktadir.

Hava Kalitesi Indeksi (HKI); hava kalitesi diizeyinin, uyar1 ve renk kategorilerine gdre smirlar1 belirli bir
Olcek igerisinde toplumla paylasilmasi i¢in gelistirilmistir uluslararasi bir yaklagimdir. Tablo 1°de sunulan
indekse gore; 0 — 500 araliginda bir 6l¢ek, 6 uyari ve renk kategorisine ayrilmis olarak ortalama hava kalitesi
hakkinda toplumu bilgilendirmeyi amaglamaktadir [2], [3].

Amerika Birlesik Devletleri Cevre Koruma Ajansi (US-EPA) tarafindan benimsenen ilk indekslerden biri
Kirlilik Standart Indeksi'ydi (PSI). Bu indeks 1999 yilinda yine EPA tarafindan, yer seviyesindeki ozon ve
PM (partikiil madde) emisyonu olmak iizere iki yeni alt indeks i¢eren Hava Kalitesi Indeksi (Air Pollution
Index, AQI) ile degistirilmistir. HKI kullanimiyla, kentsel alanlardaki baslica kirleticilerin (PM10, SOz, NOy,
O3, CO) konsantrasyonlarini tek bir deger altinda birlestirmek miimkiin olmustur [4].

Tablo 1. Hava Kalitesi Indeksi

indeks HKI Anlam
0-50 Iyi
51-100 Orta
101 - 150 Hassas
151 - 200 Sagliksiz
201 - 300 Kot
301 -500 Tehlikeli

Partikiil madde (PM) terimi farkl fiziksel ve kimyasal 6zelliklere sahip ve havada asili halde bulunan
parcaciklarin olusturdugu hava kirleticilerini simniflandirmak i¢in kullanilir. Aerodinamik ¢aplari10 pm’nin
altinda olan partikiil maddeler PM10 olarak siniflandirilir. Sehir i¢i atmosferinde PM konsantrasyonlarindaki
degisikliklerin, kardiyo-solunum ve kanser gibi saglik sorunlariyla 6nemli oOlglide iliskili oldugu [5]
bilinmektedir ve bu nedenle PM 10 ve PM 2,5 (solunabilir parc¢aciklar) ortam hava kalitesinin 6lglilmesi ve
izlenmesi agisindan 6nemli gostergeler olup, mevzuat ve direktifler kapsaminda sinir degerleri belirlenmistir.
Kdmir dumanindan kaynaklanan en 6nemli hava kirleticilerden birisi olarak SO, atmosferde ikincil PM'lerin
olusumuna da katkida bulunur. SO2 6zellikle sistemik inflamasyon ve oksidatif stres yoluyla insan sagligin
olumsuz yonde etkileyebilmektedir [6]. NO2, antropojenik olarak fosil yakitlarin yanmasi ve ara¢ egzoz
emisyonlarindan kaynaklanan 6nemli bir atmosferik kirleticidir. Ancak toprak emisyonlari, biyokiitlenin
dogal yanmasi ve yildirimlar da 6nemli 6l¢iide NO2 emisyonuna neden olabilen dogal kaynaklar olarak
diistintiliir. Solunum yoluyla alinan NO2’nin uzun siireli etkisi altinda akciger fonksiyonlarini ve solunum
sistemini tehdit edebilecegi ve iist solunum yollarmi uyararak sok semptomlarma neden olabilecegi
belirtilmektedir [7]. Bunun yaninda SO ile birlikte asit birikimine neden olan en énemli gazlardan birisi olarak
NO2, atmosferde fotokimyasal sis ve Oz (0zon) olusum siireclerini de tetikleyen gazlardan birisidir. Ikincil bir
kirletici olarak Os, atmosferde NO2, NOy ve ugucu organiklerin (VOC) fotokimyasal reaksiyon trinadar. Yer
seviyesi ozon Kkirliligi olusumunda birincil etkiye sahip emisyonlar trafik kaynaklidir ancak enerji
santrallerinden kaynaklanan NOx emisyonlari ve ugucu organik emisyonlarin olustugu akaryakit istasyonlari
Os kirliliginde ilk akla gelen kirlilik kaynaklaridir [8]. Yiiksek ozon konsantrasyonlarina uzun siireli maruz
kalmanin, insan kardiyopulmoner fonksiyonunun bozulmasina ve solunum yolu hastaliklarinin goriilme
sikliginin artmasina, eozinofilik hava yolu enflamasyonuna yol agarak solunum patojenlerine veya alerjenlere
kars1 duyarliliga veya alerjeniteye neden olabilecegi belirtilmistir [9]. Ote yandan bir eksik yanma Griinii
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olarak CO’in hem doku hipoksisine hem de ¢esitli mekanizmalar yoluyla immiinolojik veya inflamatuar hasari
iceren dogrudan hiicresel degisikliklere neden oldugu bilinmektedir [10].

Hava kalitesi indeksinin tahmini, meteorolojik ve topografik parametrelerle korelasyonu birgok
aragtirmaci tarafindan ele alinmistir. Pekin igin yiiriitiilen bir ¢aligmada Cin hava kirliligi indeksi ile hava
kalitesi indeksi, uydu goriintiilerinden saglanan aerosol verileri ile karsilagtirilmis ve hava kalitesi indeksinin
ortam hava kalitesini tanimlamada daha saglikli sonuglar rettigi tespit edilmistir [11]. Cin’de yiiriitiilen bir
baska bir ¢alismada Yangtze Nehri Deltasi'ndaki hava kalitesinin mekéansal ve zamansal analizi ve
meteorolojik faktorlerle iliskisi hava kalitesi indeksi iizerinden tartisilmigtir. Arastirmacilar ¢alismalarinda
hava kalitesi indeksi ile mekansal ve zamansal degiskenler arasindaki iliskiyi ARIMA ve ¢oklu lineer
regresyon modelleriyle arastirmislar ve ARIMA ’nin ¢oklu lineer regresyondan daha dogru sonuglar tiirettigini
bildirmislerdir [12]. Meteorolojik parametrelerle hava kalitesi indeksi arasindaki iliskiyi modelleyen
caligmalarda indeksin meteorolojik parametrelere bagli olarak degistigini bildirmektedir [13], [14]. Marmara
Bolgesi’nde hava kalitesi indeksleri kullanilarak hava halitesini etkileyen faktorlerin belirlendigi bir diger
caligmada NO2 ve Os konsantrasyon dizeylerinin antropolojik etkilerden, PM kirliliginin zamansal ve
mekansal faktorlerden daha c¢ok etkilendigi belirtilmektedir [15]. Ardahan, Kars, Erzurum ve Igdir i¢in
ylriitiilen bir diger ¢calismada hava kalitesi indeksleri rastgele orman algoritmasi ile %74,89 dogruluk oraninda
tahmin edilmistir [3]. Cerkezkdy organize sanayi bdlgesinde hava kirletici parametrelerinin hava kalitesi
indeksine etkilerinin ele alindig1 bir arastirmada ¢alisma doneminde hava kalitesinin orta ve iyi dlzeyde
seyretti belirtilmistir [16]. COVID — 19 pandemisi doneminde Dakka’da hava kalitesi indeksi ile COVID-19
kaynakli 6liimler arasindaki iliskinin incelendigi bir arastirmada degiskenler arasinda Kendall ve Spearman
korelasyonlar1 yiiriitiilmiis ve anlamli korelasyonlar bulundugu bildirilmistir [17].

Cevre Sehircilik ve Iklim Degisikligi Bakanlig1 biinyesinde Tiirkiye geneline kurulmus olan Ulusal Hava
Kalitesi Izleme Agi’na bagh istasyonlarindan saglanan kirletici konsantrasyonlar1 Ulusal HKI degerlerine
dontstiiriilmekte ve gercek zamanli olarak ¢evrimici yayinlanmaktadir [18]. Ardahan gibi sanayilesmemis ve
uzun kis mevsimlerinin yasandigi bolgelerde yilin biiyiikk bir bolimiinde dis ortam hava kalitesi, 1sinma
amactyla kullanilan fosil yakit emisyonlarindan ve ayrica trafik kaynakli emisyonlardan giiglii bir sekilde
etkilenir. ilde uzun kis mevsimi boyunca konutlarm ve diger binalarin 1sitilmasinda yaygin olarak kémir ve
dogal gaz kullanilmaktadir. Cevre Sehircilik ve Iklim Degisikligi 11 Miidiirliigii tarafindan hazirlanan 2020
yil1 Cevre Durum Raporu’na gore yil icerisinde 1sinma amagh olarak yaklasik 10.044 ton kat1 yakit ve 17.482
536 m® dogal gaz kullanilmistir ve ayni1 y1l ilde trafige kayith arag sayis1 19.317°dir [19]. Ulusal Hava Kalitesi
Izleme Agi’na veri beslemesi, sehir merkezinde bulunan 1 adet hava kalitesi 6l¢iim istasyonu ile
gerceklestirilmektedir. Istasyonda PM10, SO2, NO2, NOy ve Os takibi yapilmakta gercek zamanli olarak ulusal
hava kalitesi indeks (HKI)ne doniistiiriilerek Ulusal Hava Kalitesi Izleme Ag1 iizerinden g¢evrimici
paylasilmaktadir.

Bu calisma; 2019 — 2023 yillarin1 kapsayan periyodda Ardahan sehir merkezinde HKI ve indeksin
hesaplanmasinda kullanilan PM 10, SO2, NO2, O3 ve CO gibi kirlilik parametrelerinin etki analizlerini yapmay1
ve sonuglarn degerlendirilmesini amaglamaktadir. Incelenen periyot icin bu kirletici parametrelerin
konsantrasyon diizeylerinin dagilimlar1 ve indeks degerleri Hava Kalitesi Degerlendirme ve Yonetimi
Yonetmeligi (HKDY'Y) [20] ile karsilastirilmistir.

2. Materyal ve Metot
2.1. Calisma Alam

Anadolu'nun kuzeydogusunda yer alan Ardahan ili (Sekil 1), 42,70° dogu boylamlar1 ile 41,11° kuzey
enlemleri arasinda kuzeydoguda Giircistan ve Ermenistan, giiney ve glineydoguda Kars, giineybatida Erzurum
ve batida Artvin ile gevrilidir. Il alan1 ana hatlariyla 1800 — 2100 m rakimlarda yer alan dalgali yapiya sahip
bir plato goriinimiindedir. Bélgenin rakiminin yiiksek olmasi ve yiizey sekillerinin degiskenligi nedeniyle il
genelinde karasal iklim hakimdir. Kiglar uzun, sert ve karlidir. Képpen-Geiger iklim siiflandirmasina gore
Ardahan ilinin tamami Dfb harfleriyle gosterilen, kislarin soguk, yazin sicak, her mevsim yagisli oldugu orta
enlem iklim tipine dahildir [21]. Deniz seviyesinden yiiksekligi yaklagik 1829 m ve denizden karayoluyla
uzakligi ise yaklasik 211 km olan ilde; Meteoroloji Genel Miidiirliigii’ne bagli il istasyonunun kayitlarina gore
yillik ortalama sicaklik 3,7 °C’dir. 11 genelinde yagislar kigmn kar, yilin diger mevsimlerinde yagmur olmak
iizere her mevsim goriilse de en fazla yagis nisan, mayis ve haziran aylarinda goriilmektedir. Kis sezonu
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genellikle ekim ay1 sonlarinda baglar ve nisan ay1 sonuna kadar devam eder. Bulutluluk ve kapal1 giin sayisinin
fazla olmasi; ilde iklimin genel olarak serin olmasinin en 6nemli nedenlerinden birisi olarak degerlendirilir
[22].

Sekil 1. Ardahan il haritas1 [23]
2.2. Veri

1 Ocak 2019 ile 31 Aralik 2023 tarih araligin1 kapsayan 5 yillik dénem i¢in saatlik ortalama kirletici
konsantrasyonlar1 Ulusal Hava Kalitesi izleme Ag1’nin Ardahan sehir merkezinde bulunan &lgiim istasyonu
kayitlarindan ¢evrimici olarak saglanmistir [18]. Bu ¢alisma igin ayn1 zamanda hava kalitesi indeksinin de
hesaplanmasinda esas alinan PM10, SOz, NO, ve O3 basglica hava kirliligi parametreleri olarak secilmistir.
HKI’nin hesaplanmasinda esas alinan ancak sehirdeki Ulusal Hava Kalitesi Izleme istasyonunda takibi
yapilmadigindan CO, degerlendirmeye dahil edilmemistir.

2.3. Yontem

Ulusal Hava Kalitesi Indeksi, EPA Hava Kalitesi indeksi’nin ulusal mevzuatimiza ve sinir degerlerimize
uyarlanmast ile olusturulmustur. Indeksin hesaplanmasinda PM10, SOz, NO2, CO ve O3z’ dan olusan 5 temel
kirletici parametre dikkate alinmaktadir ve herhangi bir zaman dilimi i¢in indeks hesaplanirken kirletici
parametrelerin en az %75’inin (3 parametre) Gl¢iilmiis olmasi 6n kosulu aranmaktadir [24]. Bu ¢alismada
HKI; CO harig gerekli parametrelerin %80’ine tekabiil eden 4 parametre iizerinden hesaplanmustir.

Gerek kirletici parametre diizeylerinin kendi i¢inde degerlendirilebilmesi gerekse hava kalitesi indeksinin
hesaplanabilmesi icin pg/m? cinsinden olmak iizere PM10 igin 24 saatlik, SOz ve NO igin saatlik ve Os igin
8 saatlik ortalama konsantrasyon degerleri kullanilmalidir [24], [25]. Bu nedenle Ulusal Hava Kalitesi Izleme
Ag1 veri tabanindan saglanan saatlik ortalama konsantrasyon diizeyleri 6ncelikle PM10, SO2 ve NOz i¢in tam
saylya, O3 i¢in ii¢ basamakli ondalik kesirli sayiya kirpilarak diizenlenmis ardindan PM10 i¢in 24 saatlik ve
O3 i¢in 8 saatlik kayan ortalama degerleri hesaplanmistir. Ayrica, 24 saatlik PM10, saatlik SO2 ve NO2 ve 8
saatlik O3 ortalama konsantrasyon diizeyleri giinliik ortalama konsantrasyon diizeylerine doniistiirilmiistiir

2.4. Hava Kalitesi Indeksi

Ulusal Hava Kalitesi indeksi’nin belirlenmesinde referans alinan EPA Hava Kalitesi Indeksi Denklem
[1] olarak asagida verilen esitlikle hesaplanmaktadir. Buna gore her bir kirletici parametre i¢in ayr1 ayr1 kesme
noktalar1 dikkate alinarak bir parametre indeksi (lp) tanimlanmaktadir. Kirletici parametre indeksleri
arasindaki maksimum deger, HKI degeri (Denklem [2]) olarak kabul edilmektedir [25].

I, = [y — I1o)/ (BPy; — BP,)1(Cp — BPLo) + Lo 1)

HKI = max (IPMIOI ISOZ,INOZ,ICC),IOS) (2)
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Burada, Ip; p kirleticisi igin indeks, Cp; p kirleticisi i¢in kirpilmis ortalama konsantrasyon, BPhi; Cp’ ye
esit veya bilyiik kesme noktasi konsantrasyonu, BPLo; Cp’ ye esit veya kiigiik kesme noktas: konsantrasyonu,
IHi Ve lLo; sirastyla BPri ve BPLo’ye karsilik gelen HKI degerleridir.

Hesaplamalar i¢in gereken kesme noktasi konsantrasyonlart ve bunlara karsilik gelen indeks degerleri
Cevre Sehircilik ve Iklim Degisikligi Bakanligi’na bagh Hava Kalitesi Izleme Sistemi’nin internet sitesinden
alinmistir [24].

3. Bulgular ve Tartisma

Ele alinan periyotta kirletici parametrelerinin her birisi i¢in toplam 43 824 adet olmas1 gereken saatlik
verinin PM10 igin %97, SO i¢in %79, NOz icin %89 ve Oz i¢in %97°1ik oranlari elde edilebilmistir. SO harig
diger parametrelerde minimum %90 veriye yakin veya lizerinde oranlar saglanabilmistir.

3.1. Hava Kirletici Parametreler

SO2 ve NO: icin saatlik ortalama duzeyler, PM10 icin 24 saatlik ve O3 i¢gin 8 saatlik kayan ortalama
degerler zaman serileri olarak Sekil 2°de sunulmaktadir. Ozellikle fosil kokenli yakitlarin kullaniimasindan
kaynaklanan 24 saatlik ortalama PM10 ve NO2 emisyonlarinin kigin en sert gectigi ve maksimum isinma
ithtiyacinin dogdugu Kasim — Mart arasinda pik degerlerine ulastig1 goriilmektedir. Kasim 2021 — Mart 2022
doneminde her iki kirleticinin de konsantrasyon degerleri 5 yillik ¢aligma araliginin en yiiksek diizeylerinde
seyretmektedir. PM10, 31 Aralik 2021 tarihinde saatlik ortalama 385 pg/m?®ve giinliik ortalama 379 pg/m*®liik
diizeyleri ile calisma araligindaki maksimumuna ulasmistir. Yine 31 Aralik 2021 tarihinde NO2, 150 pg/m?®
olarak 5 yillik periyodun en yiiksek saatlik ortalama konsantrasyonuna sahiptir. 24 saatlik PM10
konsantrasyonlar igin yonetmelik 1 yil ierisinde en fazla 35 kez 50 pg/m?® degerini asmasina, y1llik ortalama
konsantrasyonun da maksimum 40 pg/m? olmasina miisaade etmektedir. Tablo 2’de kirletici parametrelerinin
HKDYY ne gore degerlendirme sonuglarinda da verildigi gibi PM10 diizeylerinin ¢calisma periyodundaki her
y1l ama en ¢ok da 2021 yilinda 2732 kez ve 2022 yilinda 2992 kez olmak iizere 50 pg/m*’liik limit degeri
35°den ¢ok daha fazla sayida astig1 goriilmektedir. Ayni yillarin ortalama y1llik PM10 konsantrasyon diizeyleri
de sirasiyla 55 ve 53 olarak yine yonetmelikle belirlenen 40 pg/m? limit degerinin iizerindedir. NO; diizeyleri,
ulusal mevzuatla belirlenen saatlik ortalama 200 pg/m® limitini asmadig1 yine yillik ortalamada da 40
pg/m*liik limit degerin altinda kaldig1 goriilmektedir.

Bu calismada ele alinan kirletici parametreler i¢in ulusal mevzuattaki limit degerler Avrupa Cevre Ajansi
(European Environment Agency, EEA) tarafindan izlenen mevzuatla [26] uyumludur. Ancak Diinya Saglik
Orguti (World Health Organization, WHO) Covid — 19 pandemisinden sonra giincelledigi diizenlemelerinde
bu limitleri daha asagilara g¢ekmeyi Onermektedir [27]. Buna goére PM10 24 saatlik ortalama
konsantrasyonlarinin 45 ug/m®’ii en fazla 3 — 4 kez asmas, y1llik ortalamada 15 pg/m? limit degerini asmamasi
onerilmektedir. Benzer sekilde; NO; icin 24 saatlik ortalama konsantrasyon diizeyinin 25 pg/m? degerini en
fazla 3 — 4 kez asmasi ve yillik ortalama diizeyin 10 pg/m? ile sinirlandiriimasi gerektigi belirtilmektedir.

Ulusal Hava Izleme Ag iizerinden saglanan SO, verilerinde en fazla veri kayb1 2019 ve 2020 yillarinin
kayitlarindan kaynaklanmaktadir. Saglanan veriler kapsaminda 31 Aralik 2019 ve 8 Ocak 2020 tarihlerinde
174 pg/m*’liik saatlik ortalama ile maksimum degerlere ulastig, diger yillarda 24 — 57 arasinda maksimum
degerler sergiledi belirlenmistir. Sekil 2’de saatlik ortalama SO konsantrasyon dizeylerinin grafik
aktariminda 2019 yilindan sonra kirletici konsantrasyonunda o©nemli bir azalmanin kaydedildigi
gorilmektedir.
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HKDY Yonetmeligi ile belirlenen limit degerler acisindan da incelenen periyotta 2019 yili ortalama
konsantrasyon diizeyinin 24 pg/m? ile mevzuat limit degerlerini astig1 bunun disinda kalan tiim diizeylerde
limit degerlerin altinda kaldig1 goriilmektedir.

Tablo 2. 2019 — 2023 periyodunda kirletici parametrelerinin HKDY'Y 'ne gore degerlendirme sonuglari

HKDYY’ne gore Kirleticilerin limit degerleri Cahsma donemi i¢in hesaplan degerler

(adet)
Ortalama  Limit
siire e Aciklama 2019 2020 2021 2022 2023
PM10 24 saat 50 35 kez/y1l agilamaz 1727 904 2732 2992 2213
(Hg/m?3) Yillik 40 40 30 55 53 40
e 1 saat 350 24 kez /y1l agilamaz - - - - -
( /nz13) 24 saat 125 3 kez/yil agilamaz = = = = =
Ho Yillik 20 24 5 9 4 3
NO; 1 saat 200 18 kez/y1l agilamaz - - - - -
(Hg/m?3) Yillik 40 23 22 24 22 21
Os " «
(g/m?) 8 saat 120 25 giin/3 yil asilamaz - - - - -

“Ug yillik ortalamalar dikkate almir ve verilerin, takip eden ii¢ y1l sonunda uyumlulugun hesaplamasinda kullanilacag ilk yil
2022’dir

2017 — 2019 yillar1 arasinda Ardahan hava kalitesi indeksi ile meteorolojik parametreler arasindaki
iliskinin incelendigi ¢alismamizda [28] 2018 y1l1 sonundan itibaren O3 konsantrasyon diizeylerinin garpici bir
artis sergiledigi belirtilmistir. Sekil 2’ verilen 8 saatlik ortalama Oz konsantrasyon profilinden g¢alisma
periyodunun 6nemli bir boélimiinde Kirletici diizeyinin 120 pg/m® degerine yaklastigi veya astig
goriilebilmektedir. Bu periyodda en yiiksek saatlik ortalama konsantrasyon degeri 27 Haziran 2023 tarihinde
178 pg/m?® olarak kaydedilmistir. Aym tarihte 8 saatlik ortalama konsantrasyonu 157 pg/m®’tiir. Ulusal
mevzuat; 2022 yilindan sonra gegerli olmak iizere 8 saatlik ortalama konsantrasyon diizeylerinin 3 yillik
ortalamada 120 pg/m? limit degerini 25 giinden fazla asmamasini, eger ii¢ yillik ortalamalar belirlenemiyorsa
yillik verilerin ardisik ve tam seti bazinda bilgi esigi olarak 1 saatlik ortalamanm 180 pg/m?® olmasini
istemektedir. Buna gore g¢alisma periyodu igerisinde Ardahan’da kaydedilen Oz konsantrasyon dizeyleri
mevzuatin belirledigi bilgi esigi degerinin altinda kalmaktadir. WHO ise 8 saatlik ortalama konsantrasyon igin
100 pg/m?® limit degerinin 1 yilda en fazla 3 — 4 kez asilmasim1 6nermektedir ki incelenen periyodda 32 giin
bu hedef degerinin asildig1 belirlenmistir.

3.2. Hava Kalitesi Indeksi

Incelenen 5 yillik periyod icin Ulusal Hava Kalitesi Izleme Ag1 iizerinden saglanan saatlik ortalama
kirletici konsantrasyonlar1 PM10, SO2 ve NO: icin tamsayiya Os i¢in agdan saglanan sekliyle ondalik
degerlerinde 2 basamakli sayilara kirpilmistir. PM10 ve Os i¢in sirasiyla 24 saatlik ve 8 saatlik ortalama
konsantrasyonlari hesaplanmig ve SO2 ve NO: i¢in tamsayiya kirpilmis saatlik ortalama konsantrasyonlari
birlikte Denklem 1 ve 2 kullanilarak saatlik HKI degerlerine doniistiiriilmiistiir. Herhangi bir saat i¢in indeks
degerinin belirlenebilmesi i¢in en az 3 parametre indeksinin hesaplanmis olmasi, dolayisiyla o saat igin
verilerin en az %75’inin mevcut olmasi sarti arandigindan toplam 41 415 adet saatlik HKi degeri
hesaplanmagtir.

Sekil 3’te saatlik HKI degerlerinin zamansal dagilimi ve ulusal HKI’ne gore kesme noktalar1 indeks renk
kodlarina uygun olarak ¢izilmis sekilde sunulmustur. Grafige gore saatlik ortalama HK1I degerleri 2021 — 2022
yillarinda en yiiksek diizeylerini gostermektedir ve 29 Aralik 2021 tarihinde 214 maksimum degerine sahip
oldugu belirlenmistir. Ulusal indekse gore 151 — 200 araligina diisen kirmizi kategorideki ve 201 — 300
araligina diisen pembe kategorideki indeks diizeylerinin tamami da yine bu yillarda izlenmistir.
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Sekil 3. 2019 — 2023 yillar1 arasinda saatlik ortalama HK1I degerleri ve renk kodlarina gore sinirlari

Sekil 4’te hesaplanan saatlik ortalama HKI degerleri giinliik ortalama degerlere doniistiiriilmiis ve 2019 — 2023
yillar1 i¢in ayr1 ayr1 indeks renk kodlarina gore yillik dagilimlari ¢izilmistir.
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Sekil 4. 2019 — 2023 y1llar1 giinliik ortalama HKI degerlerinin indeks kategori renklerine gére dagilimlari
(Diyagramlarin sag siitunlarinda ay isimleri bag harfleri ile kodlanmistir)

Tablo 1°de verilen ulusal HKI’ne gore; saatlik ortalama HKI degerlerinin %74,05’inin yesil kategoride
"iyi", %19,30’unun sar1 kategoride "orta", %5,84’sinin turuncu kategoride "hassas”, %0,8’inin kirmizi
kategoride "sagliksiz" ve %0,02’sinin pembe kategoride "kOtU" hava kalitesi kosullarina isaret ettigi
belirlenmistir. Aralik 2021 ve Ocak 2022 dénemlerinde giinliik ortalama HKI diizeylerinin kirmizi ve pembe
kategorilerde yer aldig1 giinler goriilebilmektedir. 2020 yil1 nisan ve haziran aylar arasindaki yaklasik 45
giinliik siire i¢in HKI indeksinin hesaplanmasina yetecek sayida veri saglanamamistir. Daha az sayida olmak
izere diger yillara ait diyagramlarda da beyaz bolgeler yeterli verinin saglanamadig giinleri gostermektedir.

2019 — 2023 yillann arasinda ilde izlenen hava kalitesi indeksinin fonksiyonu oldugu kirletici
parametrelerle degisimi de incelenmistir. Bu amagla HKI ile kirletici parametrelerinin ortalama
konsantrasyonu ve parametre indeksleri arasinda lineer regresyon analizi yiiriitiilmiistiir. Tablo 3’te verilen
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analiz sonuclarina gore indeks degerleri, PM10’un 24 saatlik ortalama konsantrasyonlar1 ve parametre
indeksleri ile sirasiyla 0,885 ve 0,873 liik regresyon katsayilariyla en gii¢lii lineer iligkiye sahiptir. Parametre
indekslerine gére NO- ikinci ve Ogz iigiincii biiyiik regresyon katsayilarina sahip olmuslardir. SO, 0,010
diizeyindeki regresyon katsayisi ile HKI degerleriyle en zayif lineer iliskiyi sergilemistir.

Tablo 3. 2019 — 2023 doneminde Kirlilik parametrelerinin ortalama konsantrasyonlarinin ve alt indekslerinin
ile HK1 iizerine etki analizi sonuclar1

PM10 SOz
r’=0,873 r’=0,010
H 3] Py H 3 2—
HKi Saatlik qrtalama (Mg/m®)  r°=0,526 HKi Saatlik ortalama (pg/m?®)  r*=0,009
24 Saatlik ortalama 2
5 r‘=0,885
(Hg/m®)
NO, O3
?=0,243 r’=0,023
H 3] 2y H 3 2=
HKi Saatlik ortalama (pg/m?)  r°=0,241 HKi Saatllk_ortalama (ng/m°)  r*=0,001
8 Saatlik ortalama o
E r-=0,001
(Hg/m®)

2019 — 2023 periyodunda 24 saatlik ortalama PM10 konsantrasyonlar1 ile saatlik HKI degerlerinin aylik
ortalamalar1 arasinda Sekil 5 ile verilen grafikteki uyumlu salinimlar, regresyon analizi sonuglarinda indeks
diizeyleri ile PM10 degerleri arasinda goriilen yliksek katsayiin bir sonucu olarak diisiiniilebilir.

—— Aylik ortalama HKi ~ —— Aylik ortalama PM 10
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Sekil 5. 2019 — 2023 yillar1 ortalama HKI degerleri ile 24 saatlik ortalama PM10 konsantrasyonlarinin aylik
bazda karsilastirilmasi

Regresyon analizi sonuglar1 ve esasen bu sonuglarin bir dogrulamasi gibi goriilebilecek Sekil 5 ile verilen
grafige gore; calisma periyodunda Ardahan’da ki hava kalitesini belirleyen en onemli parametrenin PM10
oldugu disiiniilebilir. 2019 — 2023 yillar1 arasinda Ardahan’daki 24 saatlik ortalama PMI10

konsantrasyonlarinin aylik ve mevsimlik ortalamalar1 sirasiyla Sekil 6 ve 7’de birer siitun grafik olarak
sunulmustur.
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Sekil 6. 2019 — 2023 yillar arasinda 24 saatlik ortalama PM10 konsantrasyonlarinin aylik ortalamaya gore
dagilima.
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Bu iki grafik birlikte degerlendirildiginde ¢alisma periyodu igerisinde PM10 kirliliginin 2020 yilinin
genelinde nispeten daha diisiik oldugu 2021 ve 2022 yillarinda daha yiiksek diizeylerde seyrettigi agikca
goriilmektedir. Sadece 2020 yil1 kis mevsiminde (Aralik, Ocak ve Subat) ortalama mevsimlik PM10 diizeyleri
50 pg/m*liik kritik esigin altinda kalmistir. Aylik ortalamalara gore; ildeki EKim — Mayis arasin1 kapsayan
isinma periyodundaki tiim aylarda PM10 diizeyleri 50 pg/m® degerinin (2020 ve 2023 Nisan haric)
tizerindedir. 2021 yili Kasim ve Aralik aylar1 ile 2022 yili Ocak aymi kapsayan donem PM10 diizeyleri aylik
ortalamalarda zirve degerlerine ulasmistir.
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Sekil 7. 2019 — 2023 yillar1 arasinda 24 saatlik ortalama PM10 konsantrasyonlarinin mevsimsel ortalamaya
gore dagilimu.

4. Sonuclar

1 Ocak 2019 ile 31 Aralik 2023 periyodunda Ardahan’daki baslica hava kirletici parametreler, HKI ve
kirletici parametrelerin her birinin ayr1 ayri indekse etkisi incelenmistir. Periyodda kaydedilen kirletici
diizeyleri ulusal ve uluslararasi mevzuatla karsilagtirilmig, kirletici parametrelerin saatlik ortalama
konsantrasyonlarindan saatlik HK degerleri hesaplanmis ve HKI ile parametreler arasinda lineer regresyon
analizi yuritiilmustiir. Buna gore;

e PMIO0, incelenen periyodda ulusal mevzuatla belirlenen limit degerleri en fazla asan kirletici parametre
olmustur. 2020 yilinda 904 kez ve 2022 yilinda 2992 kez 24 saatlik ortalama PM10 konsantrasyonu 50
pg/m* liik limit degeri asmistir. Aylik ve mevsimsel degismeler, PM10 diizeylerinin uzun gegen 1stnma
periyodlarinda meteorolojik faktorlerden oldukga etkilendigini sdylenebilir.

e Inceleme periyot igin veri tabaninda en fazla veri kayb1 SO2 igin olmakla birlikte saglanan veriler iizerinden
2019 yilindan sonra konsantrasyon diizeylerinin anlamli bir sekilde azaldig1 soylenebilir.

e NO; diizeyleri yillik ortalama 40 pug/m*liik limit degeri her y1l ortalama 21 — 23 kez asmistir.

e Oncesine kiyasla 2019 yilindan itibaren O3 konsantrasyonlarinda dramatik bir artis goriilmektedir. Ulusal
mevzuatin uyguladig1 8 saatlik ortalama konsantrasyon igin limit 120 pg/m? diizeyi 2022 yilindan itibaren
gecerli olacagindan mevzuatla karsilastirilamamistir ancak DSO’niin tavsiye ettigi 100 ug/m*liik limit
degeri bircok kez asmistir. Sehirdeki ozon konsantrasyonlarinda izlenen artisin tek basina bir arastirma
konusu olarak arastirilmasi gerektigi diistiniilmektedir.

e PMI10, SOz, NO2 ve Os kirleticilerinin diizeylerine bagl olarak ¢aligma aralig1 i¢in hesaplanan saatlik ve
giinliik ortalama HKI degerlerinin biiyiik bir oram yesil veya sar1 renk koduna yani “iyi” veya “orta”
dizeylere tekabul etmektedir.

e Hava kalitesi indeksi yaklasik 0,89’luk bir regresyon katsayisi ile en fazla 24 saatlik ortalama PM10
diizeylerinden etkilenmektedir.

CO, sehirde yerlesik bulunan hava kirliligi izleme istasyonunda takip edilmemektedir. HKI’nin
hesaplanmasinda temel alinan parametrelerden birisi olarak; CO’in eksik yanma {irlinii bir gaz oldugu ve
sehirde uzun 1sinma periyodlarina ihtiya¢ duyuldugu da g6z 6niinde bulunduruldugunda bu ¢alisma da dahil
sehrin hava kalitesi lizerine yapilan degerlendirmelerin eksik kalacagi sdylenebilir.
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Abstract: Leaks occur at different rates in water distribution systems (WDSs). Network characteristics, high pressure,
environmental factors and operational factors are effective on leaks. Field detection and monitoring activities should be
implemented to reduce the volume of leaks resulting from faults in the WDS. The aim of this study is to create and
calibrate the district metered area (DMA) based hydraulic model to understand the network behavior and monitor the
hydraulic components. The hydraulic model is based on consumption data, network topology, characteristics and pipe
roughness information. Calibration should be performed by comparing the pressures obtained from the model with the
pressures measured in the field in order to apply the model in leakage management. Incomplete or incorrect network
information may cause the difference between these two pressures to be large. In particular, basic data such as
incomplete creation of the network topology, incomplete or incorrect acquisition of roughness and consumption
information are effective in not providing model calibration. In the calibrated hydraulic model, it is possible to detect
and prevent potential leaks by monitoring pressure changes at the nodes. It is thought that the results obtained in this
study will constitute a reference in leakage management and hydraulic analysis.
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Arastirma Makalesi

I¢mesuyu Dagitim Sistemlerinde Sizinti Yonetimi icin Hidrolik Modelin
Olusturulmasi ve Kalibrasyonu

Oz: igmesuyu dagitim sistemlerinde farkli oranlarda s1zint1 meydana gelmektedir. Sizintilar {izerinde sebeke 6zellikleri,
yiiksek basing, cevresel faktorler ve igletme faktorleri etkilidir. Dagitim sisteminde arizalardan kaynaklanan sizinti
hacminin azaltilmasi i¢in sahada tespit ve izleme faaliyetleri uygulanmalidir. Bu calismada, sebeke davraniginin
anlasilmas1 ve hidrolik bilesenlerin izlenmesi igin izole Olgiim Bélge bazli hidrolik modelin olusturulmasi ve
kalibrasyonu amaglanmistir. Hidrolik modelde, tiiketim verileri, sebeke topolojik, karakteristik ve boru piiriizliilikk
bilgileri esas alinmaktadir. Modelin sizint1 yonetiminde uygulanabilmesi igin modelden elde edilen basinglar sahada
Ol¢iilen basinglar ile kiyaslanarak kalibrasyon yapilmalidir. Sebeke bilgilerinin eksik veya hatali alinmasi bu iki basing
arasindaki farkin fazla olmasimna neden olmaktadir. Model kalibrasyonunun saglanmamasinda ozellikle, sebeke
topolojisinin eksik olusturulmasi, piiriizliiliik ve tiikketim bilgilerinin eksik veya yanlis alinmasi gibi temel veriler etkili
olmaktadir. Kalibre edilmis hidrolik modelde, diigiim noktalarinda basing degisimleri izlenerek potansiyel sizintilarin
farkina varilmasi ve 6nlenmesi miimkiin olmaktadir. Bu ¢alismada elde edilen sonuglarin sizint1 ydonetiminde ve hidrolik
analizinde referans olusturacag diisliniilmektedir.
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1. Introduction

Failures and leaks occurring due to various factors in WDSs cause the increasing the real loss volume
which is a significant portion of volumetric water losses [1], [2]. To reduce these losses, water utilities must
first determine how much loss is occurring, where and why the losses occur, and how they can be reduced [3].
Leaks in WDSs cause the reducing the water resources and increase pump operating durations, resulting in
inefficient use of water and energy resources [4]. In addition, it creates a wide range of negative effects, such
as increasing operating and maintenance costs due to increasing failure and leakage rates, decreasing service
quality, increasing subscriber complaints, making the system technically inoperable, and changing water
quality due to failure density [5], [6], [7], [8]. In the literature, various methods that are the pressure
management, active leakage control, pipe material management, real-time monitoring etc., have been
proposed at different times by various researchers and organizations (IWA, AWWA) in order to analyze the
amount of leakage, recognize the leakage, detect and control leaks [9], [10]. Moreover, the studies of leakage
estimation with support vector machine [11], leakage detection with transient-based matched-field (MFP)
method [12], leakage analysis with BABE (burst and background estimates) method [13] have been applied.
It can be said that they generally focus on one of the mentioned topics [14]. In recent years, mathematical-
statistical and optimization-based methods have been applied to detect, prevent, control and manage leaks
[15], [16], [17]. The most important difficulties or constraints in the implementation of such approaches can
be shown as deficiencies or uncertainties in the information of the field data (network geometry, consumption
data, pressure measurements, etc.) and difficulties in the calibration phase [18]. The study conducted by Boztas
[19] aimed to determine non-surface (unreported) leaks and a genetic algorithm-based optimization model
was proposed. The proposed model in the study was tested in two distribution systems and the average
accuracy rate was expressed as 92%.

Establishing the hydraulic model includes performing the hydraulic analysis by considering the existing
conditions in the WDS (topology, diameter, material type, roughness coefficient, customer’s consumption
characteristics, etc.) and monitoring the hydraulic parameters (e.g., flow and pressure) with field calibration
[20]. In general, important issues which directly affect the model results, in the implementation of this model
are the defining the flow rates at the nodes depending on the customer consumption characteristics, defining
the existing network plan and characteristics, determining the pipe roughness’s to represent the real conditions
[21]. After the hydraulic model is designed, field calibration is the most important step for its application in
leakage management. Appropriate hydraulic models to be used to analyze a WDS require a calibration process
[22]. The accuracy of the calibration process can be tested by comparing the data obtained from the hydraulic
model and data measured in the field. Incomplete or incorrect network information results in a large difference
between field data and model data. Uncertainties in the network topology and geometry, roughness and lack
of consumption information are particularly effective in ensuring model calibration. In the hydraulic model
calibrated with field data, it is possible to detect and prevent potential leaks by monitoring pressure changes
at the nodes. Since the time required to detect and locate leaks that do not come to the surface will be reduced,
the total leak volume in the system will also be reduced.

The aim of this study is to create and calibrate the district metered area (DMA) based hydraulic model to
understand the network behavior and monitor the hydraulic components. The hydraulic model is based on
consumption data, network topology, characteristics and pipe roughness information. For this purpose, a
hydraulic model was created for the pilot isolated region. The pressures obtained from the model were
compared with the pressures measured in the field and calibration was performed in order to apply the model
in leakage management. The most important advantage of this study is the use of real field data. Creating
hydraulic model calibration is performed according to these data. In real field problems, model and calibration
processes are time-consuming and costly depending on the accuracy of network and customer information.
This study also reveals the effect of field data accuracy on model calibration. In this respect, it makes a
significant contribution to researchers.

2. Material and Method
2.1. Hydraulic Model and Calibration

A model, in its most basic definition, is a simplification, in other words, a simulation, of a real-world
event or system. Hydraulic modeling is the process of analyzing the hydraulic behavior of the infrastructure
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systems (water, sewage, drainage and flood) in the field and creating a mathematical model of the system [19].
Hydraulic models do not fully reflect the field behavior of the real systems they simulate mathematically due
to uncertainties in the input data (network geometry, pipe characteristics, consumption quantities, etc.), and a
difference occurs between them. At this point, the concept of calibration which is basically the process of
minimizing the differences between a model and the system it represents, comes into play. The main
parameters that cause this difference between the model and the field are the network geometry, time-
dependent changes in network characteristics, uncertainties in consumption and leakages [19]. The study area
is the Akpinar DMA located in Malatya province in southeastern Turkey (Figure 1). The EPANET program
for hydraulic modeling and calibration was used. Hazen-William’s formula was considered for hydraulic
calculations. The QGIS software which is opensource software, were used to make the data suitable for
modeling. The data required in the hydraulic model preparation process for the Akpmnar DMA region is
summarized below.

[Ey L |

Figure 1. Study area and Akpinar DMA [19]

2.2. Network Topology

It is necessary to have the geometry of that network in a digital environment, since the hydraulic model
of a water network means simulating the hydraulic properties of that network in a digital environment. The
network in the Akpinar DMA is an older network than the average in Malatya province (Figure 2). It has a
fragmented network structure obtained by combining productions completed at different times. The network
age varies between 30 and 40 years.
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Figure 2. Akpinar DMA network layout [19]

The data regarding the network geometry are only digital operation plans consisting of 40-year-old maps
available on paper. These data were transferred to the digital environment by Malatya Water and Sewerage
Administration (MASKI) and as the faults that occurred over time were intervened, the verifications and
updates of the existing digital map were carried out with the measurements taken from the network that was
opened. However, the data available is not completely reliable. The network generally consists of, Ductile
Font (DF), Polyvinyl Chloride (PVC) and Asbestos Cement Pipe (ACP) pipes with ages ranging from 30 to
40 (Table 1).

Table 1. Akpmnar DMA Network Information
Diameter (mm) Pipe material Length (m)

@400 ACP 270.24
@300 ACP 184.02
@175 ACP 474.50
@150 ACP 1447.39
@150 DF 210.61
@100 DF 261.23
@140 PVC 133.93
@125 PVC 938.30
@110 PVC 9544.00

Water supply to Akpinar DMA is provided by DN 900 mm steel pipe from inderesi Water Reservoir.
While the lower level of the reservoir is 1038.51 m, the upper level of the reservoir is 1042.21 m. The topology
of Akpinar DMA was obtained by means of current maps and digital terrain model maps. QGIS program was
used to transfer the data to EPANET hydraulic model. The water consumptions were obtained from MASKI
in order to determine the consumption characteristics of the DMA. Total number of customers is 2230 and the
daily water consumption per customer is 0.416 m3/day/customer. The average daily consumption is 927.2575
m3/day (Table 2). Network specific consumption patterns were obtained using existing flow measurements of
the study area. The consumption in patterns is modeled according to the obtained consumption patterns (Figure
3). Although measurements of hydraulic events occurring in the field (pressure, flow) are not directly essential
for the hydraulic model, they are necessary for model validation and calibration.
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Table 2. The customer data in DMA

Number of . . Daily consumption per
Customer type Daily consumption (m3/day) y 3 b b
customers customer (m?/day/customer)
Residential 1842 712.11 0.387
Construction 1 0.19 0.188
Public 9 30.54 3.393
Commercial 373 121.28 0.325
Total 2230 927.2575 0.416
Pattern Editor *
Pattern D Description
|1 | |akpinar
Time Period 1 2 3 4 5 ] 7 8 ] 10 1 12
Multiplier 0.955361 0.20884¢ 0.83521f 0.78668: 0.78330« 0.77382¢ 0.79818f 0.88698° 0.92142¢ 0.98211: 1.06099" 1.1336!
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Figure 3. Study area consumption pattern obtained as a result of flow monitoring [19]

The flow measurement data obtained from the AKP-02 measurement point are as shown in Figure 4. The
flow rate from the measurement point to the working area fluctuates between 11 I/s and 21 /s depending on
consumption fluctuations during the day. The data obtained within the scope of the study were compiled in
the EPANET environment and hydraulic simulations were completed (Figure 5). The next stage is the
calibration stage. It is aimed to minimize the differences by comparing the calculated data with the measured
values.
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Figure 5. Hydraulic model of Akpinar DMA [19]

2.3. Model Calibration

In the EPANET software, calibration data can be made in response to the pressure data measured in the
field at the nodes, and in response to the flow rate (velocity, flow) data measured in the field at the pipes. The
network elements were selected that represented the measurement points available in the field on the hydraulic
model in order to complete the calibration of the network where hydraulic model was created. In this context,
the flow meter data at the AKP-02 and AKP-03 points were considered for the inlet flow rate. Additionally,
Node23 and Node250 nodes were determined for pressure calibration in the model. Link Pipe611 and
Link_Pipe751 were selected for velocity calibration. The field measurement data of the network elements in
question, representing the measurement points in the model, were defined in the program using the calibration
interface of the EPANET program for the pipes numbered 611 and 751 and the nodes numbered 23 and 250.
Pressure and flow data for measurement points were compared using the EPANET calibration feature. The
red line in the graphs shows the model results, and the green dots show the field measurements.
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Figure 6. Field and model comparison for flow and pressure data at the nodes determined in the model.

Since the field measurements consist of data taken hourly, their reflection on the graph is in the form of
points. It is observed that the pressure data calculated for node 23 in the model is higher than the pressure data
measured in the field and the time-dependent change trends do not overlap. The designed hydraulic model is
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far from reflecting the field results at this stage. It is seen that the flow rates calculated for pipe no. 611 in the
hydraulic model are below the flow rates measured in the field. Moreover, it is seen that the pressure values
calculated for node 250 are higher than the measured pressures and their trends do not overlap. The calculated
flow rates for pipe number 751 in the hydraulic model were below the measured flow rates, similar to those
at the other measurement points. Calibration statistics for the pressure parameter of the regional hydraulic
model are as shown in Table 3. In hydraulic model calibration, the results obtained from the model at the node
point must be close to the field measurement results. The reduction of the difference between this model and
the field results increases the potential of the model to represent the field. Therefore, it is essential to determine
the model parameters correctly to reduce the difference.

There is no clear correlation between the flow data of the hydraulic model and the field measurements. It
turned out that the hydraulic model did not represent the field conditions. Therefore, the network data needs
to be corrected. An attempt was made to correct missing or incorrect data such as pipe roughness coefficients,
network geometry, consumption distribution, and leaks. The inflow rates passing through the customer meters
in the region were compared. In the region, Qconsumer = (927.2575 m®/day * 1000 I/m®)/86400 s/day and
Qconsumer = 10.73 I/s were obtained. As a result, it can be roughly said that there is a loss flow rate of 36.15 I/s
in DMA. This corresponds to a loss rate of approximately 77%.

Table 3. Calibration statistics for pressure and flow in DMA

Number of Average of  Averageof  Average Root Mean Square

Location Measurement Measurements Calculations Error Error (RMSE)
Pressure

Node 23 24 62.94 79.06 16.114 16.165

Node 250 24 67.08 92.48 25.395 25.628

Network 48 65.01 85.77 20.755 21.425
Flow Rate

Node 611 24 21.19 5.62 15.571 15.666

Node 751 24 27.47 5.08 22.391 22.593

Network 48 24.33 5.35 18.981 19.440

The widely used minimum night flow analysis method was applied to estimate the leakage flow rate in
the region. The average of daily minimum flow rates at AKP-02 point is 11.3 I/s and at AKP-03 point is 23.8
I/s. The average of the minimum flow rates passing through both flow meters is 35.1 I/s. In the study conducted
by Boztas et al. [23], it was stated that there was a loss of approximately 75% in the region according to the
minimum night flow analysis. The leakage flow rate calculated in the calibration was distributed to the nodes
in the hydraulic model, considering the required flow rates and pipe lengths. The network in DMA consists
mainly of PVVC and ACP pipes. The Hazen-Williams coefficient was initially selected as 150 for PVC and 130
for ACP. During the calibration phase, systematic hydraulic analysis was performed, improvements were
monitored and finally coefficient was selected as130 for PVVC and 110 for ACP. After the hydraulic model for
the DMA was completed, the first stage calibration values were calculated according to the field data.
According to the results, the roughness coefficient for network pipes has been updated and network topology
was revised. Moreover, the leakage flow rate was calculated and distributed to the nodes in proportion to their
consumption. The leakage distribution needs to be investigated realistically with further studies, and the
leakage model of the region needs to be determined in order to create a calibration model that is more realistic
and more consistent with field measurements. Once the hydraulic model is created and calibrated, as long as
this model is kept dynamic, it will be possible to quickly detect and intervene in new leaks.
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Figure 7. Comparison of field and model for flow and pressure data at nodes after calibration.

Data obtained from the field measurements and the calibrated hydraulic model for pipe No. 611 were
compared. A visible agreement between the trends of the data and the differences between the field
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measurements and the model results are largely closed. Another node where the measurement points in the
field are represented on the model is node number 250. After the calibration studies, the differences between
the field measurements and the model results have decreased but have not completely closed. However, the
trends of the two data sets overlap with each other. The differences between the field and the model for pipe
no. 751 are closed and the data sets are compatible with each other (Table 4).

Table 4. Calibration statistics for pressure and flow in DMA

Location cocLrement. Meascrements  Calouiations _ Error, RMSE
Pressure

Node 23 24 62.94 55.35 8.785 10.415

Node 250 24 67.08 62.44 4.641 4,713

Network 48 65.01 58.90 6.713 8.083
Flow Rate

Node 611 24 21.19 21.52 0.612 0.716

Node 751 24 27.47 28.48 1.053 1.248

Network 48 24.33 25.00 0.833 1.017

When the post-calibration correlation graph for the pressure data is examined, two data sets are much more
compatible with each other than before calibration, although a high-degree linear relationship between the
field and the model has not been fully established. A high degree of agreement was achieved between the field
and model results, and the differences between the two were reduced to very small amounts.

3. Results

After the hydraulic model for the Akpinar region was completed, the first stage calibration values were
calculated based on the field data. The roughness coefficient for network pipes was updated. Inaccuracies
detected in the network geometry were corrected. The leakage flow rate is distributed by taking into account
the consumption at the nodes and in proportion to the pipe lengths. In order to create a calibration model that
is more realistic and more consistent with field measurements, the leakage distribution needs to be investigated
realistically and the leakage model of the region needs to be determined. The most fundamental problem for
hydraulic model and calibration is to provide reliable and accurate data in the field. In particular, network
topology, pipe roughness and accuracy of water consumption directly affect model calibration. In the studies
conducted in the pilot region, it was determined that the model calibration was improved as a result of updating
these data with field studies. The network hydraulic model provides important information for technical
personnel about the behavior of the system. It is possible to monitor and prevent new leaks by using the
network hydraulic model. In future studies, it is recommended to create a leak management and monitoring
system based on the hydraulic model. 1t will also be possible to monitor excessive or unregistered subscriber
consumption in the system
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Abstract: Digital data security is of critical importance for individuals and institutions today and encompasses a range
of practices and policies aimed at ensuring the confidentiality, integrity and accessibility of digital data. This study
aimed to examine the awareness levels of students as well as academic and administrative staff at Ardahan University
regarding digital data security and the factors affecting this awareness. A digital data security awareness scale was
applied to 324 participants within the scope of the study. The digital data security awareness scale measures the
participants' knowledge and behaviors on issues such as password security, safe internet use, data backup and software
updates. The data obtained show that the participants generally have a medium to high level of awareness regarding
digital data security. It is thought that the results of the research are important in terms of showing that students, as well
as academic and administrative staff working at the university, are aware of the protection and security of digital data.
In addition, the study reveals the current status of digital data security awareness throughout the university by covering
both academic and administrative staff as well as students. This broad scope is intended to help universities better
understand the needs of different groups when creating their digital data security policies.
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Arastirma Makalesi

Dijital Veri Giivenligi Farkindah@gmin Ol¢iimlenmesi: Yiiksekogretim
Kurumu Ornegi

Oz: Dijital veri giivenligi, giiniimiizde bireyler ve kurumlar icin kritik bir 5neme sahip olup, dijital verilerin gizliligini,
biitiinliigiinii ve erisilebilirligini saglamay1 hedefleyen bir dizi uygulamay1 ve politikay1 kapsamaktadir. Bu c¢alisma,
Ardahan Universitesi'ndeki akademik ve idari personelin yam sira dgrencilerin dijital veri giivenligi konusundaki
farkindalik diizeylerini ve bu farkindaligi etkileyen faktorleri incelemeyi amaglamistir. Caligma kapsaminda 324
katilimciya dijital veri giivenligi farkindalik dl¢egi uygulanmistir. Dijital veri glivenligi farkindalik 6lgegi, katilimcilarin
parola giivenligi, gilivenli internet kullanimi, veri yedekleme ve yazilim giincelleme gibi konulardaki bilgi ve
davraniglarimi 6lgmektedir. Elde edilen veriler, katilimcilarin dijital veri gilivenligi konusunda genel olarak orta ila
yiksek dizeyde farkindaliga sahip oldugunu gostermektedir. Arastirma sonuglarimin, {iniversitede gorev yapan
akademik ve idari personelin yani sira 6grencilerin de dijital verilerin korunmasi ve giivenligi konusunda bilingli
olduklarini géstermesi agisindan 6nemli oldugu diistiniilmektedir. Ayrica galisma hem akademik hem de idari personelin
yani sira 6grencileri de kapsayarak, iiniversite genelinde dijital veri giivenligi farkindaliginin mevcut durumunu ortaya
koymaktadir. Bu genis kapsamda, iiniversitelerin dijital veri gilivenligi politikalarin1 olustururken farkli gruplarin
ihtiyaglarini daha iyi anlamalarina yardimci olmasi amaglanmaktadir
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1. Introduction

Digital data security has a vital importance in today's rapidly changing and digitalised world with new
technologies. The proliferation of the Internet and digital technologies has brought with it the need to protect
the security of personal and corporate data. With information security breaches increasing and cyber-attacks
becoming more sophisticated, digital data security awareness has become an ever more important issue for
people. The scope of digital security includes understanding online threats, knowing how to defend against
them and actively using these defences across all devices. Protecting users' digital data starts with the creation
of strong passwords and continues with the use of both free and paid security tools [1]. Digital information
security is of great importance at both organisational and individual level. Because, loss of information or
unauthorised access can have serious consequences such as financial losses, reputational damage and legal
sanctions. Especially the protection of personal data is a critical issue in terms of privacy and security of
individuals. For this reason, digital information security has become an increasingly important and widespread
area today [2].

Digital data security covers a set of practices that protect the data in the digital environment against threats
such as unauthorised access, modification or deletion. These applications ensure the protection of information
by aiming to ensure the confidentiality, integrity and accessibility of data. There are 3 basic needs for the
security of digital data. Confidentiality: It means protecting sensitive and private information and preventing
its dissemination. Integrity: ensures that data remains complete in its original form. Accessibility: refers to the
ability to access the system immediately when authorised users need it. In order to ensure security within the
framework of these 3 basic requirements, it is very important that individuals or organisations take measures
to prevent attacks such as authentication and encryption, access control, antivirus software, strong passwords

[3].

For this purpose, the aim of the study is to determine the level of awareness of administrative staff,
academic staff and students at Ardahan University on digital data security and to offer solutions to increase
and improve this awareness. The main objectives of the study are to evaluate current digital data security

practices and risks and to understand the digital data security perceptions and behaviours of different user
groups (administrative staff, academic staff, students).

2. Conceptual Framework

Today, the expression "digital technologies” usually refers to devices with internet connection, but it
actually covers all electronic tools, systems and resources that produce, store or process data. At this point, it
IS important to pay attention to the distinction between the concepts of "digitalization" and "digitalization”,
which are often confused in Turkish. Digitalization is the process of transferring analog or physical
information (printed documents, images, sound recordings, etc.) to a digital environment, that is, converting
them into bits or bytes. While the conversion of all information and documents of an institution to a digital
format is called "digitalization”, "digitalization” is a broader concept. When the evolution of digital
technologies is examined, it is seen that the process, which starts with the transfer of tangible materials to a
digital environment in the first stage, progresses over time towards the digitalization of processes and
ultimately the deep interaction of people with the digital world [4]. In fact, the factors that form the basic
structure of digitalization are technological and organizational processes. These processes include activities
such as collecting, storing, processing, analyzing and securing data. Therefore, digital data refers to the data
processed and evaluated through these processes. In other words, digital data can be defined as data produced
and processed through digital technologies. These data can be obtained from various sources and used in
different ways. For example, digital data obtained about students and teachers can be used to monitor, evaluate
and improve learning processes [5].

In people's daily lives, social and business life includes physical environments as well as cyberspace
(digital world) where we connect to people and software through internet connections. Today, the internet has
become an inseparable part of our daily lives and behaviors. Using this area, where personal data is also shared,
requires a certain level of awareness and skill. In this direction, it is critical for users to gradually improve
their daily behaviors and to address unconscious behaviors and habits in terms of data security [6]. This
includes both building knowledge, attitudes and behaviors that are in line with users’ needs and expectations,
and eliminating knowledge, attitudes and behaviors that stem from incomplete or incorrect perceptions of
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risky situations. In short, people must be conscious of data security, develop the necessary skills and constantly
evaluate and improve their online behaviors, especially in order to exist safely and effectively in cyberspace.

The main purpose of data security is to protect valuable and sensitive personal data such as e-mail and
bank information. Valuable data, including educational information, financial data, and confidential
information such as sensitive information on phone numbers collected, stored and managed by different
institutions or organizations are a gold mine for hackers. Within the scope of data security, the processes and
technologies used to protect data play a critical role in the best protection of personal data. In today's digital
world, the protection of personal data has become one of the most important priorities for both individuals
and institutions. Collected and stored data is a valuable asset [7].

Protecting data from corruption and unauthorized access prevents individuals from having their data
stolen and used without their knowledge and consent. This requires creating defense mechanisms against
threats that may come from both inside and outside. Data security is an essential element to ensure the privacy
and security of individuals. Systems that allow people to store and share data on the internet are called cloud
storage [8]. Cloud storage has advantages such as unlimited data storage and the creation of secure and useful
storage areas. Data security is a critical issue for individuals and institutions in the digital age. Confidentiality,
integrity, accessibility and secure management of data form the cornerstones of a reliable and effective
information system. In this context, it is possible to summarize the basic principles of data security as follows

[8], [9], [10].

« Data Confidentiality: It refers to the protection of data against unauthorized access. It is essential that
the information received by the data recipient is completely consistent with the information sent by the sender.
In other words, only authorized persons have access to data. For example, employees who are interested in
personal bank accounts should have access, but no one else should have access. When data is accessed by
others, data confidentiality is violated, and this situation is irreversible.

« Data Integrity: It refers to the reliability of data; that is, data cannot be arbitrarily changed or altered
by others. For example, when shopping online, someone should not be able to change the products in your
cart without your permission. Lack of data integrity can lead to serious security problems.

« Data Accessibility: It emphasizes that data can be accessed normally at any time. Users have the right
to access, download or modify data in the cloud whenever they need.

« Complete Data Deletion: When users stop using cloud storage, they can completely delete the data
they transferred to the cloud server and verify that the data is completely destroyed, rather than being tricked
by malicious cloud service providers.

 Privacy Protection: While users are getting used to the convenience of cloud storage, cloud storage
providers are stealing privacy information such as personal identity, location, and sensitive data for the
organization. Privacy security mechanisms are used to ensure that this data remains private from snoops and
malicious employees of cloud service providers.

In conclusion, since data security is a multidimensional concept, all the principles mentioned above
should be considered together to manage data securely and effectively. The application of these principles
allows individuals and institutions to exist and operate safely in the digital world. The importance of digital
data brings with it various risks. Cyber attacks, data breaches, malware, hardware failures and even natural
disasters can damage or prevent access to digital data. Such incidents can lead to financial losses, identity theft
and reputation damage for individuals, as well as serious consequences for institutions such as financial losses,
loss of reputation and even bankruptcy. In order to avoid much worse consequences, people need to gain
awareness of digital data security [11].

The main purpose of data security awareness is to raise awareness among people of all levels and social
backgrounds about various critical issues that arise from insufficient attention to the management of their own
data and the data of others. Therefore, Data security awareness undertakes the task of teaching users the correct
use of information technologies and making them aware of this issue, providing tools to prevent and reduce
the unintentional disclosure of sensitive data.
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Cybercriminals are constantly developing new methods to exploit weaknesses in data security
infrastructure. While organizations implement advanced security measures such as firewalls, encryption, and
real-time monitoring, it is crucial to take proactive steps to further protect against data breaches and threats.
In this regard, some practical and effective strategies that can be used to minimize data risks and strengthen
data protection can be summarized as follows;

1. First, data breaches should be limited. Data breaches often start with weak passwords. Unsolicited
personal requests via email, phone or text should not be responded to.

2. Create strong and unique passwords. Passwords should be changed regularly to reduce the possibility
of data breaches.

3. It is important to enable multi-factor authentication. Multi-factor authentication acts as a double
defense system for data. This significantly reduces the possibility of unauthorized access.

4. Beware of phishing attacks. Phishing is a leading tactic, especially in data breaches. Beware of emails
or messages from unknown senders and avoid clicking on unverified links.

5. Software and systems need to be updated regularly. Operating systems, applications and antivirus
software should be updated to fix new security vulnerabilities and minimize data breaches.

By implementing the above strategies, data security can be strengthened and become more resilient to
cyber-attacks. Data security awareness plays an important role in implementing and implementing these
strategies

3. Literature Review

The concept of digital data security has become one of the very important building blocks of today's
information management by significantly affecting various sectors such as education, health, banking and
public services due to the widespread use of computers, tablets and mobile devices. At the same time, it is
equally important for individuals to be aware and conscious about the protection of information and data stored
in digital environment. In one of the studies conducted for this purpose [12], examined the relationship
between digital data security awareness and digital literacy. The research was conducted with the participation
of 265 students and the relationship between the two concepts was presented in detail. According to the study,
it was found that students' digital literacy levels were medium and digital data security awareness levels were
high. In addition, a significant positive relationship was found between digital literacy and digital data security
awareness. As a result of the study, adding digital literacy and data security courses to the curriculum is among
the recommendations to raise awareness.

In another study [13], examined the digital parenting, digital literacy and digital data security awareness
levels of preschool teachers and parents. "Digital Parenting Attitude Scale", "Digital Literacy Scale" and
"Digital Data Security Awareness Scale" were used as data collection tools in the study. As a result of the
study, it was found that preschool teachers had higher levels of digital literacy and digital data security
awareness than parents, and there was a statistically significant difference between digital literacy and digital
data security awareness. In another study where a significant relationship was found between digital data
security and parental guidance scores [14], adapt the "Parental Guidance of Young Children's Internet Use
Scale" developed by Nikken and Jansz into Turkish and to examine parental guidance according to some
variables. As a result of the study, it is stated that a valid and reliable scale that is sufficient in terms of content
to determine the level of parental guidance of young children's internet use contributes to the Turkish literature.
In addition, it was determined that the parental guidance levels of young children's internet use differed
according to age, education and internet use experience levels with the scale created as a result of the scale
adaptation study.

In another study examining digital data security awareness [15], conducted a survey on pharmacy
students. First, explanatory factor analysis was performed on the obtained data, then the effects of some
variables on digital data security awareness were investigated with t-test and variance analysis. It was
determined that digital data security awareness was higher in those who had an antivirus program on their
smartphones. In addition, it was determined that the average of the students' responses to the statements in the
scale was around three, and it was concluded that students' awareness on this issue should be improved. In
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another study [16], conducted a study on security awareness and behavior of young people (digital natives).
The study found that although users are less concerned about security when using laptops, even security-savvy
users are more likely to compromise on security when it comes to usability.

Aiming to measure the information security awareness level of digital wallet users in Indonesia [17], a
survey was conducted with 156 participants consisting of digital wallet users. The level of information security
awareness was calculated using the analytical hierarchy method. As a result of the study, it was seen that the
participants' information security awareness level was generally good (80.78%). However, it was determined
that the scores remained at an average level in some focus areas. This situation is thought to be one of the
reasons why information security violations against digital wallet users are still common. [18], it analyzed
how public officials understand the need for information security in Romanian public administration. The
study is based on a survey conducted in three institutions in Romanian public administration. The aim of the
survey is to identify vulnerabilities in specific areas such as accessibility management in user interface design,
password management, cybersecurity incident prevention, cybersecurity incident response capacity, personal
data protection, data backup and recovery, and personal assessment. The study presents conceptual solutions
for ensuring information security and states that these solutions are based on the analysis of international
documents.

4. Method

This study aims to determine the digital data security awareness (DDSA) of academic, administrative
staff and students at Ardahan University. The research universe consists of 7411 people, including 6680
students, 372 academic staff and 359 administrative staff. Curry's (1984) sample size determination rule was
used when determining the research sample. According to this method; 100% sample for sample sizes ranging
from 10 to 100, 10% sample for sample sizes ranging from 101 to 1000, 5% sample for sample sizes ranging
from 1001 to 5000 and 3% sample for sample sizes ranging from 5001 to 10000 is recommended [19]. Based
on this method, a survey was conducted online with 324 students and staff at Ardahan University using the
convenience sampling method.

The findings obtained within the scope of the research will be evaluated at a significance level of 5% at
a 95% confidence interval, and the Jamovi 2.4 program was used for the analyses. Normality analysis was
performed before starting the data analysis. In addition to descriptive statistics, confirmatory factor analysis,
internal consistency reliability (Cronbach's Alpha, Composite Reliability-CR) and Convergent validity (AVE)
were used in the analysis of the data. Whether the digital data security awareness of the participants differed
according to gender was determined with the t-test; whether it varies according to age, education level, duty,
daily internet and computer usage was tested with One-way analysis of variance (Anova).

The digital data security awareness scale developed by Yilmaz et al. [20], was used in the study. The
scale consists of 32 statements and a single dimension. The reliability of the scale, which was rated with a 5-
point Likert-type rating (1- Strongly disagree, 2- Disagree, 3- Undecided, 4- Agree, 5- Strongly agree), was
found to be high by the researcher (Cronbach’s Alpha 0.90).

The research was designed in line with the following questions?
1. What is the level of digital data security awareness of academic staff, administrative staff and students?

2. Do demographic variables (gender, age, educational status, etc.) make a difference on digital data
security awareness?

3. Do the positions in the university (academic, administrative, student) make a difference on digital data
security awareness?

4. Does daily computer usage time make a difference on digital data security awareness?
5. Does daily internet usage time make a difference on digital data security awareness?
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4. Findings

As the first step of the scale analysis, the normal distribution of the data was checked with the Skewness
and Kurtosis values. The skewness value being between -2 and +2 and the kurtosis being between -7 and +7
are considered acceptable limits for normal distribution [21].

Table 1. Digital Data Security Awareness

X-SS a Skewness Kurtosis

DDSA 4.09+0.59 0.96 -0.988 2.88

When Table 1 is examined, it is seen that the digital data security awareness of the participants at Ardahan
University is above 4 and in good condition. The Cronbach’s Alpha coefficient of the data in the study was
found to be 0.96. This value shows that the digital data security awareness scale is reliable. In addition to these
results, it is seen that the data has a normal distribution.

Confirmatory factor analysis was applied to determine whether the original structure of the scale used in
the research was confirmed by the data collected. The results are shown in Table 2.

Table 2. Result Measurement of Model Assessment.

Factor Item Faktor Loading Standart Error t p AVE CR
DVSA2 0.664 - - -
DVSA3 0.628 0.083 12.57 xxx
DVSA4 0.622 0.086 10.44 xxx
DVSA7 0.602 0.093 10.13 Fkk
DVSAS 0.704 0.092 11.66 Fkx
DVSA9 0.684 0.099 11.36 xxx
DVSA10 0.687 0.097 11.42 xxx
DVSAll 0.667 0.089 11.12 xxx
DVSA12 0.561 0.101 9.49 Fkx
DVSA13 0.791 0.090 12.90 Fkk
DVSA14 0.753 0.087 12.37 ekl
DVSA15 0.818 0.086 13.28 xxx
DVSALl6 0.724 0.094 11.96 xxx
DVSA DVSA17 0.731 0.092 12.06 xxx 050 0.96
DVSA18 0.792 0.088 12.92 ok
DVSA19 0.680 0.096 11.30 Fkx
DVSA22 0.707 0.093 11.70 Fkx
DVSA23 0.738 0.100 12.15 xxx
DVSA24 0.765 0.082 12.54 xxx
DVSA25 0.737 0.090 12.15 xxx
DVSA26 0.735 0.089 12.11 ok
DVSA27 0.748 0.092 12.30 Fkx
DVSA28 0.771 0.090 12.62 xxx
DVSA30 0.726 0.091 11.98 xxx
DVSA31 0.578 0.100 9.76 kel
DVSA32 0.643 0.099 10.76 Fxx
¥2/DF CFlI NFI TLI GFI AGFI RMSEA SRMR
DVSA 2.04 0.94 0.90 0.94 0.97 0.97 0.05 0.04
Acceptable Fit* <3 >.90 >.90 >.90 >.90 > .85 >.08 >.08
Perfect Fit* <2 >.95 >.95 >.95 >.95 >.90 >.05 >.05

*[22]

When Table 2 is examined, items with factor loadings lower than 0.40 (1, 5, 6, 20, 21, 29) were removed
from the scale. When the fit index values were examined after the items were removed, it was seen that the
Chi-Square Fit Test (32/DF), Comparative Fit Index (CFI), Tucker-Lewis Fit Index (TLI), Goodness of Fit
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Index (GFI) and Adjusted Goodness of Fit Index (AGFI) values were within the perfect fit limits, while the
Root Mean Square Error of Approximation (RMSEA) and Standardized Root Mean Square Error of
Approximation (SRMR) values were within acceptable limits. In addition to the examination of the structure
obtained as a result of CFA, convergent and discriminant validity data were also examined. Accordingly, it is
seen that the Average Variance Extracted (AVE) value is higher than 0.50 and the Composite Reliability (CR)
value is higher than 0.70. All these results show that the model is compatible with the data, acceptable and
reliable.

4.1. Demographic Information

Demographic information of the 324 students, administrative staff and academic staff who participated
in the research is given in Table 3 below.

Table 3. Respondent’s Demographic Profile

Characteristics Frequency Percentage
Gender Male 192 59.3
Woman 132 40.7
18-25 225 69.4
Age 26-33 66 20.4
34+ 33 10.2
Associate degree 169 52.2
Education Status Licence 103 31.8
Postgraduate 52 16.1
Student 240 74.1
Occupation Academic Staff 50 154
Administrative Staff 34 10.5
Less than 1 hour 172 53.1
Daily computer usage time 1-3 hours 86 26.5
4-6 hours 45 13.9
7 hours and over 21 6.5
Less than 1 hour 7 2.2
. . 1-3 hours 92 28.4
Daily Internet Usage Time 4-6 hours 144 44.4
7 hours and over 81 25.0
| have my own computer Yes 152 46.9
No 172 53.1
Yes 59 18.2
I have a tablet computer No 265 818
| have a smartphone es 315 972
No 9 2.8

Of the 324 participants who participated in the study, 59.3% were male and 40.7% were female. When
the age distribution was examined, it was seen that 69.4% of the participants were between the ages of 18-25,
20.4% were between the ages of 26-33, and 10.2% were 34 years of age or older. In terms of educational
background, more than half of the participants (52.2%) had an associate degree. 31.8% had a licence degree,
16.1% had a postgraduate degree. When the occupational distribution of the participants was examined, it was
seen that students were in the majority with 74.1%. Academic personnel came in second with 15.4%, while
the rate of administrative personnel was 10.5%. In terms of technology use, 53.1% of the participants used the
computer less than 1 hour a day, 26.5% used it for 1-3 hours, 13.9% for 4-6 hours, and only 6.5% used it for
7 hours or more. The daily internet usage time is higher; 2.2% connect to the internet for less than 1 hour,
28.4% for 1-3 hours, 44.4% for 4-6 hours and 25% for 7 hours and more. Based on this data, it can be said
that the majority of the participants in the study have an associate degree or undergraduate degree. It can also
be said that computer and especially internet use is quite common and the time spent on the internet is also
remarkable. In terms of device ownership, 46.9% of the participants had their own computer, 18.2% had a
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tablet computer and 97.2% had a smartphone. These data show that digital devices, especially smartphones,
are widely used among users

4.2. Descriptive Statistics

Descriptive statistical results related to the data obtained in the study are given in Table 4. In Table 4, the
answers given by the participants on the subjects that they consider themselves deficient or self-sufficient are
given in order from the highest average to the lowest average.

Table 4. Descriptive Statistics

Ilt\le(r)n Terms Mean gg\j/
24 | am aware that devices can be password-protected to prevent unauthorised use. 429 0.722
2 I know the importance of using letters, numbers and special characters when creating a password. 428 0.812
8 I am careful to create passwords that others cannot guess. 423 0.769
28 | know that logging in with a single-use password on your mobile phone increases security. 422 0.795
14 | know the importance of a high character count when creating a password. 420 0.771
4 I realise that files can be password-protected to prevent unauthorised use. 420 0.775
8 I know that credential verification messages (password etc.) received by e-mail should not be trusted. 419 0.821
25 1 am careful not to perform operations that require a password on devices that do not belong to me. 418 0.798
15 | realise that storing passwords on any medium is a security risk. 417 0.753
13 I know that security questions used for password reminder should be answered in a way that others 416 0788

cannot guess. ' '
30 I know the importance of using the ‘secure logout’ link when logging out of a website. 415 0.807
3 I know the importance of using different passwords for different operations. 411 0.892
17 1 know that the files being worked on should be backed up on more than one medium. 410 0.814
26 | pay attention to the security warnings of the operating system (Windows, Android, etc.). 4.09 0.792
22 | realise that passwords need to be changed periodically. 4.09 0.828
11 I know the importance of downloading programs from the manufacturer's own site. 4.06 0.802
27 | know the importance of using laptops with batteries in case of power failure. 4.06 0.819
10 I am careful to delete e-mails that | consider unsafe without opening them. 4.03 0.872
16 | know that data can be stored on the Internet using various applications (Google Drive, etc.). 4.02 0.838
7 I make sure that the operating system (Windows, Android, etc.) is up to date. 4.01 0.844
19 | pay attention to whether the internet address bar is misleading. 3.99 0.858
23 | make a point of marking as ‘spam/junk/junk’ any rubbish emails that I don't want to receive. 3.95 0.887
32 | am aware that unlicensed software can create security vulnerabilities. 3.94 0.892
9 I know that portable storage units should be scanned for viruses before using them. 3.94 0.890
12 | know the importance of using antivirus software. 3.91 0.925
31 1 have knowledge about the security certificates used in websites. 3.80 0.913

General average  4.09  0.591

Among the data used in the study, the data with the highest mean was "I know the importance of using
letters, numbers and special characters when creating passwords™ with a mean of 4.29+-0.72, while the data
with the lowest mean was "I have information about security certificates used in websites” with a mean of
3.80+-0.91. In this case, it shows that users actually pay attention when creating passwords for information
security, but they have insufficient knowledge about security certificates on websites. When Table 4 is
examined, it can be said that digital data security awareness is generally at a medium to high level. The average
scores range from 4.29 to 3.80. The highest average scores are seen in statements related to basic security
measures such as "l am aware that devices can be passworded to prevent unauthorized use™ and "I know the
importance of using letters, numbers and special characters when creating passwords.” This shows that the
participants are aware of basic security practices. On the other hand, the average scores are lower in statements
related to more technical issues such as "l am aware of the security certificates used on websites" and "I am
aware that unlicensed software can create security vulnerabilities." This finding shows that the participants
may need more information on these technical issues.

4.3. Test of Difference

The results of the independent samples t-test and ANOVA, conducted to determine whether participants'
awareness of digital data security differs based on gender, age, education status, occupation, and daily
computer and internet usage duration, are presented in Table 5.
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Table 5. Comparison of DVSA according to Socio-demographic characteristics

Variables N X SS Test Value p Tukey

Male 192 4,07 0,55

Gender 1,88 0,410
Woman 132 4,12 0,65
18-25 (1) 225 4,03 0,62

Age 26-33 (2) 66 4,28 0,48 571 0,005* 3>1
34+ (3) 33 4,12 0,51
Associate degree (1) 169 4,00 0,60
E%Utgzj'son Licence (2) 103 416 0,62 5,82 0004* 352

Postgraduate (3) 52 4,25 0,42
Student (1) 240 4,07 0,63

Occupation Academic Staff (2) 50 411 0,45 0,88 0,410
Administrative Staff (3) 34 4,19 0,48
Less than 1 hour (1) 172 3.98 0.61
Daily 1-3 hours (2) 86 425 0.60

computer 7,22 0,001* 4,3,2>1

usage time 4-6 hours (3) 45 426  0.44
7 hours and over (4) 21 4.26 0.44
Less than 1 hour (1) 7 422 0,63

Daily Internet 1-3 hours (2) 92 408 057 207 0.095

Usage Time 4-6 hours (3) 144 401 0,60 ’ ’

7 hours and over (4) 81 423 0,59

In order to compare the digital data security scale scores according to the sociodemographic
characteristics of the participants, independent t-test was applied for the comparison of two independent
groups and one-way analysis of variance was applied for the comparison of more than two independent groups.
As a result of the analysis, it was determined that there was a statistically significant difference between the
participants' age, job, daily computer usage time and digital data security awareness scale scores (p<0.05).
Tukey test was performed to determine the group that made a difference, and it was determined that the digital
data security awareness score of 34+ participants was higher than the participants aged 18-25. It was
determined that administrative staff had a higher digital data security awareness score than students, and those
with a daily computer usage time of more than 1-3 hours had a higher digital security awareness than those
with less than 1 hour.

When the age variable is examined, it is seen that the digital data security awareness of the participants
aged 34 and above is higher than the participants aged 18-25 (p<0.005). This situation can be associated with
the increase in experience and knowledge as age progresses. In terms of the education status variable, it was
determined that the participants with postgraduate degrees have a higher awareness level than the participants
with associate degrees (p<0.010). This finding shows that the development of knowledge and skills with the
increase in the level of education also positively affects the digital data security awareness. It was observed
that as the daily computer use time increases, the digital data security awareness also increases (p<0.001).

The participants who use the computer for 7 hours and more have a higher awareness level than those
who use the computer for less than 1 hour. This result can be interpreted as the intensity of computer use
increases the familiarity with the risks and security measures in the digital environment. In general, it was
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seen that variables such as age, education status and daily computer use time significantly affect the digital
data security awareness level. Therefore, it can be said that customized training and awareness programs
should be developed according to the needs of different groups.

5. Conclusion

According to the data obtained, age, position and computer usage time are seen as effective factors on
digital security awareness. It is concluded that the digital security awareness of young people between the
ages of 18-25 is lower than other age groups. This situation can be explained by the fact that young people
trust technology much more and their digital literacy skills are less developed than other age groups. Similar
results are observed in other studies [14], [16]. Academic and administrative staff were found to have higher
digital security awareness than students. Since academic and administrative staff interact much more with
digital data due to the nature of their work, they bear more responsibility for data security. The study also
concluded that as the duration of computer use increases, the level of digital data security awareness also
increases. Similar results are observed in other studies [20]. The higher digital security awareness of users
whose computer time is more than 1-3 hours can be interpreted as more intensive computer use may expose
users to security risks more and therefore encourage them to learn more about security measures. One of the
important findings of the study is that increasing the level of education also increases the level of digital data
security awareness. Goldag [12] and Ng [23], also obtained similar results regarding education levels in their
study. This situation can be explained by the fact that individuals’ information access and evaluation skills
improve with the increase in education level, and therefore they become more conscious about digital data
security. In the study, the statement “I know the importance of using antivirus software” is one of the
statements with the lowest average. Tarhan [15], in a study conducted with pharmacy students, it was found
that students who had an antivirus program on their smartphones had higher awareness of digital data security.
This finding can be interpreted as the use of security software increases digital data security awareness and
makes people more sensitive to security measures.

In conclusion, in order for our university to successfully complete its digital transformation and create a
secure digital environment, it is necessary to increase and improve the digital data security awareness of the
personnel. For this purpose, with the implementation of suggestions such as organising trainings for different
user groups, including current threats and protection methods, and conducting information campaigns on
various platforms (website, social media, newsletters, etc.) to raise awareness about digital data security,
digital data security awareness at our university will increase significantly and a safer digital environment will
be created.
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Arastirma Makalesi

GOzetim Altinda Gerceklestirilecek Mobil Dijital Sinav Sistemi: Teknolojik
Bilesenler Onerisi
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1. Giris

Bilisim teknolojilerindeki gelismeler ve kullaniminin yayginlagsmasi, ¢evrimigi kurslarin ve haliyle
cevrimig¢i sinavlarin yayginlasmasina sebep olmustur [1]. Pandemi donemindeki egitim siireclerinde ise
zorunlu olarak uzaktan egitime gecilmesi dijital ortamlardaki 6gretim faaliyetlerinin dnemini tekrar giin
yliziine ¢ikarmistir. Bu durum alanyazinda kendine yer bulmus ve zorunlu olarak degistirilen sisteme yonelik
ogrenci algilari, 6grenci kaygilari ve siire¢ yonetimini ele alan ¢alismalara odaklanilmustir [2], [3], [4].

Dijital ortamlarda yiiriitiilen 6gretim faaliyetlerin temel bilesenlerinden biri de dijital sinavlardir. Bu
sinavlar geleneksel 6lgme degerlendirme siirecini yiiriitmek i¢in gerekli olan tiim islem adimlarmin dijital
ortamlarda gerceklestirilmesi ile hayata gecirilen sinavlardir [S]. Diger bir ifade ile dijital sinavlar 6lgme ve
degerlendirmeyi kolaylastirmak, giivenli hale getirmek ve hizli degerlendirmeler yapabilmek icin bilgisayar
teknolojisini kullanan uygulamalardir [6], [7]. Bir veya birden fazla ders icin belirli bir zaman araliginda
yuritiilen dijital smavlar, gézetimsiz, insan gozetiminde veya dijital gdzetim altinda hayata gegirilebilir.
Ayrica dijital smavlar, kagit-kalem smavlarda gergeklestirilebilecek tiim siireglerin yaninda ¢oklu ortam
Ogelerinin de sinav siireglerine dahil edilebilecegi [6] daha esnek bir 6l¢me ortam1 olusturma yetkinligine de
sahiptirler.

Dijital smavlar kendileri i¢in hazirlanmis 6zel platformlarda veya uzaktan egitim faaliyetlerinin
yiiriitiildiigii Ogretim Y&énetim Sistemlerinin (OYS) bir modiilii olarak karsimiza ¢ikmaktadir. OYS’ler hem
uzaktan egitimin gerceklestirilmesi ve hem de 6l¢me degerlendirme siireglerinin yiiriitiilmesini saglayan
biitiinlesik sistemler olarak karsimiza ¢ikmaktadir [8]. OYS sistemlerinin igerisinde bulunan dijital smav
modiilleri 6grencilerin zaman ve mekan bagimsiz olarak sinava girmelerine imkan verir ve esneklik saglar [9].
Bu ozellikleri ile {ilkemizdeki biitiin tiniversiteler Ogretim siireclerinin yiriitilmesinde ve Olgme
degerlendirme faaliyetlerinde OYS sistemlerini kullanmaktadirlar. Sekil 1°de YOK [10] tarafindan pandemi
siirecinde Tiirkiye’deki iiniversitelerde kullamlan OYS sistemleri ve dlgme-degerlendirme anlayislar yer
almaktadir.
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Sekil 1. YOK Universitelerin Uzaktan Ogretim Uygulamalar1 Anket Sonuglari

Glintimiizde kullanim1 giderek yayginlasan ve 6lgme degerlendirme siireglerine esneklik getiren dijital
smavlarin avantajlar1 ve dezavantajlari bulunmaktadir. Alan yazinda dijital sinavlarin 6grenci agisindan
aninda geribildirim alma, O6grenme siirecini izleyebilme, kavram yanilgilar1 ve eksik 6grenmeleri
belirleyebilme, eksiklikleri giderme, 6grenme siirecini destekleme, etkili zaman kullanimi ve siirekli sinavlara
erisim avantajlarinin oldugunu ifade edilmektedir [11]. Bununla birlikte kagit temelli sinavlardan ziyade
cevrim i¢i sinavlarda Ogrencilerin adalet algilarin1 daha yiiksek, streslerinin ise daha diisiikk oldugu
belirtilmistir [2]. Ayrica dijital sinavlarin 6grenciler arasindaki kabul ve tercih durumu yiiksektir [12], [13].
Yagcr [14], cevrimici sinavlarin 6grencilerin akademik basar1 seviyelerine daha fazla katki sagladigim
belirtmistir. Ayrica alan yazindaki ¢alismalarda ¢evrimigi sinavlarin i¢ tutarlilik agisindan olumlu faydalarinin
oldugu ve uygulama sinavlarinda da kagit kalem testleri ile ¢cevrimici sinavlar arasinda géz ardi edilebilecek
seviyede fark oldugu vurgulanmistir. Bu durumda g¢evrimi¢i smavlar gegerlilik konusunda kagit kalem
smavlari igin ideal bir alternatif olarak diisiiniilebilir [3]. Bununla birlikte degerlendirme sureclerinde
cesitlendirilmis igeriklere sahip ¢evrimigi sinavlarin ayrim giiciiniin daha ytiksek oldugu belirtilmektedir [15].

Dijital smnavlarin avantajlarmin  yaninda cesitli dezavantajlart da bulunmaktadir. Alanyazin
incelemelerinde ¢alismalarin yogunlukla ¢evrimigi sinavlardaki giivenlik zafiyetlerine ve ¢6ziim onerileri i¢in
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gelistirilen modellere odaklandig1 goriilmektedir. Benzer kosullarda gergeklestirilen kagit-kalem sinavlarinin
degerlendirme bakimindan g¢evrimi¢i sinavlardan farklilik gostermedigi, fakat sinavlarin gozetim altinda
yapilmasinin katilimcilarin - degerlendirilmesi siirecinde gozle goriliir bir farkliliga sahip oldugu
belirtilmektedir [15]. Hylton ve arkadaglari [16] cevrimigi sinavlarda giivenlik sistemlerinin suistimal
edildigini O6ne silirmiis ve yine ¢evrimigi ylriitiilen gozetmenlik gorevlerinin de verimli olmadigini
savunmustur. Ayrica gozetimsiz yiiriitiilen sinavlarda ise 6grencilerin ve egitmenlerin adalet algilarinin diisiik
oldugu ve kopya ihtimallerinin yiiksek oldugu belirlenmistir [16], [17], [32].

Nihayetinde dijital sinavlar i¢in kagit — kalem temelli sinavlara oranla 6grenenlere yonelik derinlemesine
analizlerin yapilabilecegi ve O0grenme ciktilarinin iyilestirilebilecegi sdylenebilir [18]. Bununla birlikte
mevcut dijital sinavlarda yasanan problemlerin giderilmesine yonelik ¢cézimlerin Gretilmesinin de 6nemli
oldugu goriilmektedir. Bu noktadan hareketle bu ¢alismada insan gozetmelerin saglamis oldugu giivenlik
algisim1 koruyarak, dijital sinavlarin saglamis oldugu avantajlar1 kullanabilecek mobil bir dijital sinav
sisteminin nasil olmasi1 gerektigi sorusuna yanit aranmistir. Calismada odaklanilan arastirma sorulari soyledir;

Aragtirma sorulari
1. Mobil ve dijital bir sinav sisteminde kullanilabilecek soru tiirleri nelerdir?
2. Mobil ve dijital bir sinav sisteminin yapisi nasil olmalidir?
2.YOontem

Bu arastirmada nitel arastirma yontemlerinden biri olan durum ¢alismasi tercih edilmistir. Nitel arastirma
bir durum, olgu veya algilarin kendi dogal ortaminda derinlemesine arastirilmasina imkan tanimaktadir [19].
Nitel arastirmalar katilimcilardan alinan bilgilerin derinlemesine algilanmasi, yorumlamasi ve analizine
olanak saglamaktadir [20]. Durum ¢aligsmasi, sinirli bir sistemin derinlemesine betimlenmesi ve incelenmesi
olarak tanimlanmaktadir [21]. Durum c¢alismalar1 bir sorun hakkinda bir genelleme iizerinde yeniden durmak
ve bir durum hakkinda fikir gelistirmek i¢in yapilmaktadir [21].

2.1. Calisma Grubu

Caligsma grubu 10 alan uzmanindan olugsmaktadir. Amaca uygun 6rneklem yontemi ile ¢alisma grubu
olusturulmustur. Amaca uygun Orneklemede, arastirmaci ilgili evrenin Ozelliklerini belirleyerek, bu
ozelliklere sahip bireyleri ornekleme almaya calisir [22]. Diger bir ifade ile amaca uygun Ornekleme,
arastirmacinin evren ile ilgili kendi bilgilerine veya c¢alismanin amacina bagli olacak sekilde olasiliksiz
ornekleme yapmasidir [23]. Orneklem seciminde &rnekleme dahil edilecek katilimcilar uzaktan 6gretim
stirecinde 6l¢gme ve degerlendirme faaliyetlerinin yiiriitilmesi, sinav hazirlik siirecinin organize edilmesi ve
siire¢ tasarimi agisindan en az 5 yillik deneyime sahip akademisyenlerden olusacak sekilde belirlenmistir.
Ayrica ¢aligma grubunun iiyelerinin tamami doktora derecesine sahip olan akademisyenlerden olugmaktadir.
(Calisma grubunda yer alan uzmanlarin bilgileri Tablo 1°de verilmistir.

Tablo 1. Calisma grubu 6zellikleri

Katilimc1 Cinsiyet Uzmanhk alam Uzmanlik Siiresi Dijital sinav haglrlama

kodu (Y1) deneyimi
K1 E Acik ve Uzaktan Ogretim 15 Evet
K2 E Ogretim Teknolojileri 10 Evet
K3 E Bilgisayar Programciligi 12 Evet
K4 E Yonetim Biligim Sistemleri 11 Evet
K5 E Yonetim Bilisim Sistemleri 8 Evet
K6 K Tletisim 9 Evet
K7 K Bilgisayar ve Ogretim Teknolojileri 9 Evet
K8 K Bilgisayar ve Ogretim Teknolojileri 13 Evet
K9 E Bilgisayar Miihendisligi 14 Evet
K10 E Acik ve Uzaktan Ogretim 11 Evet
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2.2. Arastirma Yapist

Bu arastirmada aragtirma grubunun deneyimini ortaya ¢ikarmak lizere calistay yontemi kullanilmistir.
Arastirma kapsaminda odaklanilan durumun ¢ergevesinin belirlenmesi, dijital ortamlarda gergeklestirilecek
olan smavlarin ve bu smavlarda kullanilabilecek soru tiirlerinin uzmanlarin onay birligi neticesinde ortaya
c¢ikarilarak bulgularin olusturulmasi amaglanmistir. Veri toplama siireci ¢alistaylar odaginda gerceklestirilmis
ve uzman gorisleri bir araya getirilerek sonuglar olusturulmustur. Calistaylar 2021 yili igerisinde Atatiirk
Universitesi’nde gergeklestirilmistir. Calistaylar katilimeilarin tamaminin onaylar1 alinarak 02/07/2021 ve
16/07/2021 tarihlerinde 14 giin ara ile yiiriitiImistiir.

2.3. Calistay Tasarimi

Bu arastirmada 2 farkli ¢calistay diizenlenmistir. Calistaylarin gerceklestirilmesi i¢in temel bir yaklagim
belirlenmistir. Bu yaklasimda;

* Arastirmacilar tarafindan alanyazin ¢ercevesinde odaklanilan arastirma sorusuna yonelik
bilgilendirme belgeleri olusturma ve katilimcilara sunma,

» Arastirmacilar tarafindan bilgilendirme belgelerinin sunumunu gerceklestirme,
« Katilimcilarin goriislerini sunmalarina yonelik anlatim seanslar1 gerceklestirme,

* Arastirmacilar tarafindan anlatim seanslari ve bilgilendirme belgeleri temelinde taslak calistay
raporunu olusturma ve katilimcilara sunum,

* Calistay raporunun katilimcilar tarafindan ortaklasa diizenlemesi ve nihai g¢alistay raporunun
olusturulmasi adimlar1 yer almaktadir.

 Aragtirma kapsaminda gergeklestirilen ¢alistaylarin odaklar birbirinden farklidir. Bu noktada galistaylar;
Olgme-Degerlendirme Calistay1 ve Sistem Yazilimi Tasarim Calistay1 olarak isimlendirilmis ve su seklide
gergeklestirilmistir;

1. Asama (Ol¢me-Degerlendirme Calistay):
a. Smav sisteminde kullanilabilecek muhtemel soru yapilarinin ve kullanim kriterlerinin belirlenmesi
b. Kullanilacak soru tiplerinin ortaya ¢ikarilmasi

c. Her bir soru tipi i¢in kullanim kriterlerinin (soru hazirlama, kullanma ve degerlendirme kriterleri)
belirlenmesi

2. Asama (Sistem Yazilimi Tasarim Calistayy):
a. Sistemin yapisinin nasil olmas1 gerektigine yonelik analizler
b. Sistemin genel yapisi ve isleyisi, sistemi olusturan ekranlar ve iliskileri
C. Muhtemel veri taban1 yapisinin tasarim Onerileri
2.4. Veri Toplama Araglar: ve Veri Toplama Stireci

Veri toplama siirecinde farkli veri toplama aracglarindan faydalanilmistir. Veri yapilart ve kullanim
sekilleri soyledir;

« Dokiman: Alanyazinda yer alan ¢alismalarin analizi ve ¢alistaylarda uzmanlar tarafindan olusturulan
doklmanlardan elde edilen veriler.

* Calistay Kayitlar1 ve Gorlismeler: Calistay slirecinde uzmanlarin bireysel veya grup olarak aktardiklari
bilgileri i¢eren arastirmacilarin notlari ile sisteme yonelik oneri ve goriislerinin kayitlari.

Veri toplama silireci ¢alistaylar esnasinda gergeklestirilmistir. Calistay siireclerinde arastirmacilar
katilimcilarin goriislerini, agiklamalarini ve Onerilerini kayit altina almiglardir. Ayrica calistaylar esnasinda
katilimcilarin olugturmus olduklar1 dokiimanlar veya ¢alistay oncesi hazirlanan bilgilendirme notlar1 tizerinde
yapmis olduklar1 diizenlemeler alinarak veri setine dahil edilmistir. Calistaylar esnasinda bu veriler anlik
olarak arastirmacilar tarafindan bir araya getirilmis ve calistayin taslak raporlar1 olusturularak uzmanlara
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sunulmustur. Boylece taslak calistay raporu olusturularak yeniden katilimcilara sunulmus ve nihai goriislerini
tekrar ortaya koyarak elde edilen verilerin teyidi gergeklestirilmistir.

2.5. Verilerin Analizi

Nitel aragtirma yontemleri kapsaminda elde edilen nitel veriler igerik analizi yontemi ile analiz edilmistir.
Icerik analizinde benzer veriler; belirlenen kavramlar ve temalar cercevesinde bir araya getirilerek
yorumlanmaktadir [19]. Calistaylar neticesinde elde edilen veriler igerik analizi ile degerlendirilmis ve
bulgular olusturularak raporlanmistir. Aragtirma sonucunda elde edilen bulgular arastirma sorular1 baglaminda
raporlanarak sunulmustur.

3. Bulgular

Bulgular arastirma sorulari baglaminda ele anilarak sunulmustur. Ayrica her bir arastirma sorusu bir
calistay konusu oldugu i¢in bu anlayis tercih edilmistir.

3.1. Mobil ve dijital bir sinav sisteminde kullanilabilecek soru tiirleri nelerdir?

Mobil simav sistemlerinde kullanilabilecek soru tiplerinin yapisinmi belirlemeye yonelik gerceklestirilen
Olgme-Degerlendirme Calistayina 8 alan uzmani katilmistir. Calistay siirecinde mobil cihazlarin yetkinlikleri
dikkate alinarak gozetim altinda gerceklestirilebilecek sinavlarda kullanilabilecek soru tipleri ve taksonomik
olarak kullanilabilecekleri diizeylerin neler olabilecegine iligkin goriisleri sorulmustur. Calistay oncesinde
aragtirmacilar tarafindan alanyazin incelemesi gerceklestirilmis ve mobil sinavlarda kullanilabilecek soru
tipleri ile ilgili bir liste olusturulmustur. Soru tiplerinin tercihinde bireysel ve Kkitlesel boyutta
gergeklestirilecek sinavlar baz alindiginda kullanilabilecek soru tiplerinin seg¢imine 6zen gosterilmistir.
Olusturulan listede yer alan soru tipleri sunlardir;

e Acik uclu sorular: Cevabinin 6grenciler tarafindan kendi goriisleri ¢ercevesinde olusturulabildigi
sorulardir.

e S0zIU yoklamalar: Cevabinin 6grencinin diisiinme ve sozel olarak yanitlama becerileri iizerinden
verildigi sorulardir.

e Kisa cevaph sorular: Cevabinin birka¢ kelime ve ciimle ile yanitlanabildigi sorulardir.

e Eslestirme maddeleri: Cevabinin eslestirme yapilarak (siiriikle birak veya isaretleme) verilebilen
sorulardir.

e Dogru-yanhs tipi sorular: Cevabinin dogru veya yanlis seceneklerinden biri ile verilebilecek
sorulardir.

e Coktan segmeli sorular: Cevabinin secenekler arasinda yer aldigi ve 6grencinin segeneklerden birini
isaretleyerek yanitladigi sorulardir.

e Uygulama veya anlatim isteyen sorular: Cevabinin bir uygulama siirecini video, ekran kaydi vb.
araglar kullanarak yanitlayabildigi sorulardir.

e Uriin gelistirmeye yonelik sorular: Cevabinin dijital araglar kullanilarak veya uygulamalar
kullanilarak trettikleri Giriinler tizerinden verilebilen sorulardir.

Calistay kapsaminda katilimcilar listede yer alan tiim soru tiplerinin bireysel veya kitlesel olarak
diisiiniilen sinavlarda farkli diizeylerde kullanilabilecegini ifade etmektedirler. Ozellikle uygulama veya
anlatim isteyen sorular ile {iriin gelistirmeye yonelik sorularin daha ¢ok bireysel sinavlarda daha etkin bir
sekilde kullanilabilecegi goriisii hakimdir. Ayrica kitlesel sinavlarda uygulama veya anlatim isteyen sorular
ile iirtin gelistirmeye yoOnelik sorularin kullaniminin sinav siirecini olumsuz yonde etkileyebilecegi, sinav
diizenini bozulabilecegi yoniinde goriisler bulunmaktadir. Bu duruma yonelik 6rnek katilimer goriisleri
sOyledir;

K8-(Uygulama ve Anlatima Yénelik Sorular): Dijital teknolojiler ile sinavlarda ogrencilerin uygulama
yapmasina veya bir siireci anlatacak sekilde igerikler itiretmesi miimkiindiir, fakat bu tiir yanitlar: sinif
ortaminda olusturduklarina diger 6grencilerin dikkatlerini dagitabilir veya sinif diizenini bozabilir.
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K5-(Uygulama ve Anlatima Yonelik Sorular): Bu tiir sorular bireysel sinaviarda kullanilabilir. Kitlesel
simavlarda béyle bir soruyu yanitlamak miimkiin olmaz.

Calistay kapsaminda katilimcilar, soru tiplerinin yaninda sorularda kullanilabilecek ¢oklu ortam
ogelerinin de olabilecegini belirtmektedirler. Ozellikle gorsellerin, ses ve video gibi coklu ortam dgelerinin
sinav sorularma dahil edilebilecegini belirtmektedirler. Coklu ortam &6geleri ile daha agiklayici sorularin
olusturulabilecegini ifade etmektedirler. Ayrica ses ve video gibi ¢coklu ortam 6gelerinin kitlesel sinavlarda
kullannminda mobil cihazlara takilacak olan kulakliklara ihtiya¢ oldugunu belirterek. Sinav diizenini
bozulmamasi adina kulaklik kullaniminin etkin bir ¢6ziim yolu olusturabilecegi goriisiinde birlesmektedirler.
Calistay siirecinde soru tiplerinin kullanimina yonelik goriislerini belirten 6rnek katilimer ifadeleri soyledir;

K4-(Agtkuglu Sorular): Hem sinifta hem de online sinaviarda kullanilmasimin uygun oldugunu
diistintiyorum. Sozel icerikli derslerde kullanilabilir.

K2-(Sozlii Yoklamalar): ... Ogrenciler mikrofon araciligiyla cevaplarini iletebilirler ...

K3- (Eslestirme Maddeleri): Cevrimici sinavlarda kullanilmasinin uygun oldugunu diistiniiyorum. Dijital
ortamda surukle-bwrak yapabilmek gibi imkanlarin olmast bu soru tipini uygulanabilir yapmaktadur.

K4-(Uygulama veya Anlatima Yénelik Sorular): Cevrimigi sinavlarda kullanilmasinin uygun oldugunu
diigiiniiyorum. Cevaba yonelik fotograf veya video yiiklemek zaten dijital ortamda yapilan bir sinavin
ogrenciye saglayacagi en biiyiik avantajdir.

K1(Uriin Gelistirmeye Yonelik Sorular): Ogrencinin bir video ile anlatmasi isteniyorsa bu iist seviye
bilgiler 6lgmek igin olmalidir. Ve sadece online olarak kullanilmasi daha dogrudur.

Calistay kapsaminda mobil sinavlarda kullanilabilecek soru tiplerinin bilissel ve psikomotor beceriler
Ozelinde hangi taksonomik diizeylerde kullanilabilecegine yonelik katilimeilarin goriisleri alinmustir.
Uzmanlarin goriislerine yonelik frekans degerleri Tablo 2’de sunulmustur.

Tablo 2. Soru tipleri tercihleri frekans tablosu

Soru Tipleri
Alan Basamak Acik iy Kisa . Dogru  Coktan Uygulama Uriin
Uclu sozl Cevap Eslestirme Yanhs  Secmeli veya Gelistirme
Anlatim
Bilgi 7 8 8 8 8 8 4 4
Kavrama 6 7 6 7 5 7 5 4
2 Uygulama 4 5 2 2 2 3 8 7
= Analiz 8 7 2 3 2 3 7 8
Sentez 7 5 3 2 3 3 7 8
Degerlendirme 7 5 2 4 2 3 5 7
Algilama 6 6 5 7 7 7 4 4
Kurulma 2 5 4 - 2 3 4 4
o Kilavuzluk i 4 2 i 5 i 7 5
S Yapma
o
g Mekaniklesme 1 2 2 1 2 2 6 7
X
& Becerl_Hallne 4 2 ) 5 i i 7 7
Getirme
Duruma Uyarlama 3 2 - - - - 6 7
Yaratma 3 4 - - - - 7 7
(18]
€~ Online 7 6 6 6 6 6 7 8
S
D
=) Gozetim altinda 8 7 6 7 7 8 4 5
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Calistay kapsaminda katilimcilar mobil dijital sinav ortamlarinda biligsel ve psikomotor becerilerin dijital
teknolojiler ve ¢oklu ortam 6gelerinin birlikte kullanmim ile dlgiilebilecegini ifade etmektedirler. Ozellikle
kitlesel yapidaki sinavlarin yaninda bireysel olarak gerceklestirilecek dijital sinavlarda iist diizey yetkinliklerin
Olgiilebilecegine yonelik katilimci goriisleri yer almaktadir. Gerekli yazilimlarin gelistirilmesi, uygun
algoritmalarin belirlenmesi ve yapay zeka araglarinin 6l¢gme degerlendirme stirecine dahil edilmesiyle birlikte
genis bir yelpazede degerlendirme yapilabilecegi goriisii genel kani olarak ortaya ¢ikmaktadir. Ayrica galistay
kapsaminda belirlenen soru tiirlerinin hem ¢evrimigi ortamlarda hem de 6zellestirilmis gézetim altindaki
dijital sinavlarda benzer sekilde kullanilabilecegi katilimcilarin sorularin uygulama sekli tercihlerinden
anlasilabilmektedir. Mobil dijital sinavlarda kullanilabilecek soru yapilarina yonelik 6rnek katilimer goriisleri
sOyledir;

K7-(Biligsel alan): Bilissel alana yonelik olarak ¢alistayda konustugumuz soru tiplerinin kullaniminin
miimkiin oldugunu diigiiniiyorum. Ayrica uygulama ve iiriin gelistirmeye yonelik birden fazla bilissel alan
becerisinin bir arada kullanilacagi sorular igin dijital sinavlarin ¢cok daha fazla alternatif sunacak bir yapida
olabilecegini ongormekteyim. Yani ¢izim arag¢lari, 6zel yanitlama yazilimlar: gibi hazirlanan programlar ile
bir veya birden fazla basamakta degerlendirme daha kaliteli bir sekilde gerceklestirilebilir.

K2-(Psikomotor alan): Psikomotor beceriler dogrencilerin yetkinliklerini gostermeleri odagindadir. Bu
tiir becerileri gostermek icin dijital sinavlar bazi noktalarda uygulama sinavlarina yaklagabilecek ozelliklere
sahip olabilirler. Her alan ve beceri igin bunu sdylemek miimkiin olmasa bile ozellikle bilisim teknolojileri
temelli yetkinlikleri ol¢iilmesinde kagit kalem sinaviardan ¢ok daha fazla etkin kullanilabilir.

Bilissel alan kapsamindaki tiim basamaklarda mobil bir dijital sinav sistemi ile 6l¢gme — degerlendirme
yapilabilecegine yonelik katilimer goriisleri mevcuttur. Bununla birlikte agik uclu, sozlii, kisa cevap,
eslestirme, dogru yanlis ve coktan secmeli sorularin genel olarak biligsel alanin tiim basamaklarinda
kullanilabilecegi katilimcilar tarafindan belirtilmistir. Bununla birlikte uygulama veya anlatim ile iiriin
gelistirmeye yonelik sorularin biligsel alanin iist kademelerindeki basamaklar i¢in daha uygun olabilecegi
goriisii 6n plana ¢gikmaktadir. Biligsel alan agisindan gergeklestirilecek dijital sinavlarda kullanilabilecek soru
tiplerine yonelik 6rnek katilimci goriisleri soyledir;

K1-: Bence kdgit kalem sinaviarda da rahathikla kullanilabilecek olan sorular bilissel alanin tamaminda
ol¢me degerlendirmede kullanilabilir.

K7-: Uygulamaya ya da dijital iiriin gelistirmeye yonelik sorular biligsel alanin analiz, sentez gibi
basamaklarinda yer alan becerileri 6l¢mede etkin bir sekilde kullanilabilir. Ozellikle bu sorular: yanitlamak
igin gerekli becerileri gosterebilecekleri sinav yazilimlari ile dijital sinaviar desteklenir ise daha iyi sonug¢lar
alinabilir.

Psikomotor alan kapsamindaki becerilerin degerlendirilmesinde de dijital sinavlarin kullanilabilecegi
baz1 katilimcilar tarafindan diistiniilmektedir. Bununla birlikte 6zellikle 6grencilerin dijital yetkinliklerini
degerlendirme noktasindaki psikomotor beceriler agisindan dijital sinavlarin kullanilabilecegi ifade edilirken
baz1 psikomotor beceriler acisindan dijital sinavlarin yeterli olmayacagi goriisii ifade edilmektedir.
Psikomotor alan acisindan gerceklestirilecek dijital sinavlarda kullanilabilecek soru tiplerine yonelik 6rnek
katilimer goriigleri soyledir;

K7-: Psikomotor alan agisindan dijital sinaviar tam kullanmish olmayabilir. Bilgisayar alamndaki
vetenekler i¢in dijital sinavlar tercih edilebilir fakat gercek hayatta uygulanmasi gereken beceriler icin dijital
siavlar kullanigl olmayacaktir.

K2-: Uygulama, anlatim veya iiriin gelistirmeye ydnelik sorular bence psikomotor becerilerin
Olgiilmesinde kullanilabilir. Bu noktada hem yazilimsal olarak bu becerileri gosterebilecegi ortamlar
gelistirilerek dijital sinavlar yapilar hem de uygun bir ortamda gosterdikleri becerilerin goruntuleri
degerlendirilerek psikomotor beceriler élciilebilir. Ornegin, yapmis olduklar: bir isin videosunun yapay 7eka
tarafindan degerlendirilerek puanlanmast ile psikomotor beceriler dijital olarak degerlendirilebilir.

3.2. Mobil ve dijital bir sinav sisteminin yazilimsal yapist nasil olmalidir?

Ortam bagimsiz siav sisteminin yapisinin belirlenmesine yonelik olarak gerceklestirilen Sistem Yazilim
Tasarimi Calistayina 6 alan uzmani katilmistir. Calistay siirecinde mobil bir smav sisteminin yazilim
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altyapisina yonelik uzmanlarin ekran tasarimi ve veri tabani yapilar1 hakkindaki goriigleri belirlenmistir.
Calistaylar oncesinde uzmanlara bir simav sisteminde hangi ekranlarin bulunmasi ve bu ekranlara bilgi
saglayacak veri tabani yapisinin temel 6zelliklerinin neler olmasi gerektigine yonelik sorular yoneltilmistir.
Calistay neticesinde mobil dijital bir sinav sisteminin yazilimsal ve donanimsal bilesenlerden meydana
gelmesinin gerekliligi ortaya koyulmustur. Uzmanlar, sistem yapisina yonelik bilesenleri temel yapilar ve
barindirmasi gereken islevler baglaminda degerlendirmislerdir. Elde edilen bulgularin analizi neticesinde
ortaya ¢ikarilan yapi1 sOyledir;

3.2.1. Yazilimsal ve Donanimsal Bilesenler

Yazilimsal bilesenler; mobil dijital sinav sisteminin islevsel bir sekilde organize edilebilmesi igin
kategorik bir yapida ele alinmistir. Bu yapmin temelinde simav organizasyonunu olusturma ve siireci
gerceklestirme boyutlarina odaklanilmistir. Sinav 6ncesindeki hazirliklarin gergeklestirildigi siire¢ ekranlari
organizasyonel yap1 modiilleri, sinavin gerceklestirilmesi i¢in gereken ekranlar ise sinav modiilleri olarak
isimlendirilmistir. Bu bilesenlerin bazilar1 yerel sunucular iizerinden yayinlanan web sayfalari iken bazilar1 da
mobil cihazlar Uzerinde ¢alisan uygulama yazilimlari olmasit gerektigi goriisii ortaya ¢ikmistir. Bu noktada
siiregte kullanilmasi gereken donanimsal bilesenlerin Ozellikleri katilimcilar tarafindan belirtilmistir.
Katilimcilarin  ortak goriisiiyle bilesenlerin isimleri ve dijital sinav sistemindeki kullanim amaglari
aragtirmacilar tarafindan ¢alistay ortaminda kayit altina alinmis ve onaylarina sunulmustur. Siire¢ neticesinde
ortaya ¢ikan yazilimsal ve donanimsal bilesenlerin agiklamalart soyledir;

I-Organizasyonel Yap1 Modiilleri

Sinavin hazirlik siirecinde kullanilmasi gereken muhtemel ekranlarin tamami organizasyonel yapi
modiilleri olarak ifade edilmistir. Organizasyonel yapr modiilleri mobil dijital bir sinavin hazirlanmasi
stirecinde ihtiya¢ duyulan ekranlarin tamamini kapsamaktadir. Organizasyonel yap1 bilesenleri odagindaki
ekranlar soyledir;

Smav bilgileri ekrani: Smavin tanimlanmasina yonelik bilgilerin organize edildigi ekranlardir. Bu
ekrandan sinavin tanimlamasinin yapilmasia yonelik bilgiler girilmekte ve smav siirecindeki dinamik
ekranlarda tanimlama bilgileri kullanilabilmektedir. Siire, oturum zamanlari, tarih, sinav adi vb. bilgiler yer
almalidir.

Ogrenci bilgileri ekram: Ogrencinin kisisel bilgileriyle program ve ders bilgilerini goriintiilemekte
kullanilan ekranlardir. Ogrencilerin 6grenim siirecindeki durumunu gésteren bilgiler yer almalidir.

Simav tercih ekram: Ogrencilerin ve gorevlilerin sinav merkezi ve gorev tercihlerini gergeklestirdigi
ekranlardir. Sinav siirecine dahil olan 6grencilerin ve gorevlilerin sinav yeri ve gorev tercihlerine yonelik
bilgiler bu ekranlar vasitasiyla alinmalidir.

Bina bilgileri ekrani: Bina ve salonlarinin yapisina yonelik bilgilerin yer aldig1 ekrandir. Salon sayisi,
salonlarin kapasiteleri, salonlarin yerlesim diizenleri ve salonun sagladigi imkanlar gibi bilgiler bu ekranda
yer almalidur.

Oturum tanmmmlama ekrami: Sinavlardaki oturumlarin yapilarimin organize edildigi ekrandir.
Oturumlardaki derslerin ve ilgili derslere ait soru se¢imleri bu ekran lizerinden gerceklestirilmelidir.

Ogrenci atama ekram: Ogrencilerin ve gorevlilerin siav salonlarina atanmalarina yonelik siireclerin
gerceklestirildigi ekrandir. Tanimlanan smava gore, sinava girecek Ogrenci sayilarini dikkate alarak
ogrencilerin il, bina ve salon atamalar1 bu ekrandan yapilmahdir. Ayrica ilgili ekran 6zel durumu (gérme,
isitme, bedensel engel, kaza vb. durumlar) olan 6grencilere yonelik durumlarinin g6z 6niinde bulunduruldugu
bir yapiya sahip olmalidir.

Gorevli atama ekrami: Ogrenci atamalari ile olusan bina ve salon diizenine gore, bina ve salonlarda
smavi ylriitecek olan gorevlilerin atamalarinin yapilabilecegi bir ekrandir. Sinav gorevi tercih eden kisiler
arasindan uygun gorevlere atama islemini gergeklestirecek yapida olmalidir.

Gorevli bilgi ekrani: Sinavda gorev yapabilecek kisilerin bilgilerinin yer aldigi, yeni gorevli kayitlarinin
yapilabildigi, gorevlilerin kisisel ve kurumsal tanimlama bilgilerinin yer aldig1 ekrandir.
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Soru bilgileri ekranmi: Dersler, kitapgiklar ve derslerin sinav sorularina yonelik bilgilerin yer aldigi
ekrandir. Soru yazma, diizenleme, denetleme ve soru havuzu olusturmaya yonelik siireclerin
gerceklestirilebildigi bir yapida olmalidir. Sorularin zorluk dereceleri, madde giicliik indeksleri gibi
siiflandirmaya yardimci olacak bilgilerin de tanimlanabilmesi gerekmektedir.

Ders bilgileri ekrani: Derslerin 6zelliklerini gosteren bilgilerin yer aldigi ekrandir. Konular, kazanim
diizeyleri ve basar kriterleri gibi bilgilerin bu ekranda yer almali ve organize edilebilmelidir.

Sonug bilgileri ekrani: Siav sonuglarini gosteren bilgilerin yer aldig1 ekrandir. Ogrencilere bireysel
olarak sonuglarin sunumu, ders, bolim ve sinav diizeyindeki basari istatistiklerini gosterimine yOnelik
bilgilerin gorintilenmesine imkan vermelidir.

Smmav merkezi ekrani: Sinav merkezlerindeki siiregleri yiirlitmek i¢in organize edilmis ekrandir. Siav
temelinde bina se¢imi, gorevli se¢imi vb. gibi smav merkezinde yiiriitiilen siireglerin organize edilmesine
yonelik siirecler igletilebilmelidir.

Odeme bilgileri ekrani: Gergeklestirilen sinava gore, sinav merkezi ve gorevlilere yonelik 6deme
hesaplamalarinin yapildigi ve 6deme emirlerinin ¢ikarilabilecegi bir yapida olmalidir.

Yardim ekrani: Sinava yonelik yardim dokiimanlarinin bulundugu ve sinavlara yonelik kurallarin
tanittmina imkan saglamalidir.

Test olusturma ekrani: Sinavin gerceklestirilmesi i¢in 6grencilerin alacaklar testleri olugturan ve mobil
siav sisteminde kullanilabilir formatta ¢iktilar sunabilecek bir yapida olmalidir.

Odeme ekrani: Sinav gérevlilerinin 5deme bilgilerini ve tutarlarini belirlemeye imkan saglamalidir.
I1-Siav Modiilleri

Sinav esnasinda kullanilacak olan yazilimsal 6gelerin tamamidir. Dijital bir sinavin gergeklestirilmesi
icin siirecin yiriitiilmesinde kullanilacak yazilimlar ve gorevleri tanimlanmistir. Sinav modiilleri odagindaki
yazilimsal bilesenler soyledir;

Bina yonetici yazihmi: Sinavin gergeklestirildigi binadaki yonetim siireclerini organize eden, gorevli
yoklamalarini alan, tutanaklari hazirlamaya imkéan sunan bir modiil olmalidir.

Salon gorevlileri yazilmi: Salon bagkanlarinin, 6grencilerin yoklamalarini aldigi, sinav siirecini
yoOnettigi, bireysel iptal gibi sinav yonetimine yonelik islemleri ger¢eklestirebildigi bir modiil olmalidir.

Ogrenci yazihmu: Ogrencilerin, kendilerine ait sinav sorularim gordiigii, sorular1 yamtladigi ve smavlar
tamamladig1 bir modiil olmalidir.

I11-Donanimsal Bilesenler

Sinav sisteminin yiiriitiilmesi i¢in gereken donanim bilesenlerini tanimlamaktadir. Mobil bir dijital sinav
sistemi icin gerekli olan donanimsal bilesenleri ve bu bilesenlerin kullanim amaglar1 tanimlanmustir.
Donanimsal bilesenler odagindaki sistem 6geleri soyledir;

Sunucu Bilgisayarlar: Siav hazirlik ve yiiriitme siireglerindeki ekranlarin ¢aligabilir olmasi igin gerekli
yazilimsal 6zellikleri destekleyen, kapasite ve iletisim becerileri noktasinda yeterli olan bilgisayarlardir.

Depolama Ortamlari: Simavin yiiriitiilmesi i¢in gerekli olan tiim bilgilerin yer aldig1 ve yedeklendigi
fiziki veya sanal yapidaki depolama alanlaridir.

Mobil Cihazlar: Smav siirecinde sorularin yanitlanmasi, salon ve bina islerinin yiiriitiilmesi i¢in
kullanilan tablet bilgisayarlardir. Gézetim altindaki siniflarda dijital sinav gergeklestirilirken sadece sinav
yapmakta kullanilabilecek o6zellestirilmis tablet bilgisayarlarin kullanilmas1 gerektigi ifade edilmistir.
Donanimsal bilesenlere yonelik 6rnek katilimcer goriisii sOyledir;

K4-: Dijital sinav sistemin oziinde bir web platformu ile ¢alisan sistemdir. Bunun igin mobil bir web
platformu igin gerekli olan web sunucusu, depolama ortami ve mobil cihaz ve yazilimlara yénelik
tasarlanmalidir.
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K10-: Yazilimda ¢oklu ortam unsurlarinin ve modelleme siireclerini calistirilabilmesi icin sunucularda
uygun kiitiiphanelerin eklenmesi goz ardi edilmemelidir.

3.2.2. Veri Taban Yapisi

Sistem Yazilim Tasarim Caligtay1 neticesinde, veri tabani yapisina yonelik olarak katilimcilar gesitli
goriisler ifade etmislerdir. Katilimcilar veri tabani yapisinin iligkisel bir formda olmasi gerektigini
belirtmektedirler. Ayrica sinav siireglerinde kullanilacak ekranlarin bilgi ihtiyacini karsilayacak sekilde bir
yapinin olusturulmasi gerekliligine de vurgu yapmaktadirlar. Calistay sonucunda, mobil sinav sisteminin
hazirlik asamasinda web ortamlarinin bilgi ihtiyacini karsilamak ve siirecleri organize etmek icin kullanilacak
veri tabaninda bulunmasi gereken tablolar belirlenmistir. Veri taban1 yapisi organizasyonel yap1 modiilleri ve
sinav modiilleri odaginda ayr1 ayr ele alinmistir. Calistay neticesinde organizayonel yap1i modiilleri i¢in 16
veri tabani tablosuna ihtiya¢ duyuldugu ortaya ¢ikarilmistir. Sinav sisteminin saglikli bir sekilde calisabilmesi
icin gerekli olan tablolarin isimleri su sekilde listelenmistir (Tablo 3);

Tablo 3. Organizasyonel yap1 modiilleri i¢in veritabani tablolarinin isimleri

Organizasyonel yap1 modiilleri

Tablo isimleri

Sinav Bilgi Salon Bilgileri Gorevli Atama Sonug
Ogrenci Bilgi Oturum Ozellikleri Soru Sonug Analiz
Sinav Tercihleri Ogrenci Atama Ders Sinav Merkezi

Bina Bilgileri Gorevli Bilgileri Sinav Sorular1 Atama Odeme Islemleri

Organizasyonel yapt modiilleri ile belirlenen veritabani tablolarinin iliskileri g¢alistay kapsaminda
belirlenmistir. Organizasyonel yap1 modiilleri i¢in gerekli ekranlar, veri tabani tablolarinin eslestirmeleri ve
kullanim gerekgeleri Tablo 4’te gosterilmistir.

Tablo 4. Organizasyonel yap1 modiilleri ve veri tabani tablo eslestirmeleri

Ekran Adi Tablo Ad1 Kullanim gerekgesi
Sinav bilgileri ekrani Sinav bilgi Sinavin tanimlama bilgilerinin tutulmasi
Ogrenci bilgileri ekrani Ogrenci Bilgi Ogrenci tanimlama bilgilerinin tutulmasi

Sinav tercih ekrani

Sinav Tercihleri

Ogrenci sinav tercihlerinin tutulmasi

Bina bilgileri ekrani

Bina Bilgileri

Bina ve salon bilgilerinin tutulmasi

Oturum tanimlama ekrani

Oturum Ozellikleri

Sinav oturum bilgilerinin tutulmasi

Ogrenci atama ekrani

Ogrenci Atama

Sinav yeri tercihlerine gére 6grencilerin bina ve sinav
salonlarina atama bilgilerinin tutulmasi

Gorevli atama ekrani

Gorevli Atama

Sinav yeri tercihlerine gore gorevlilerin bina ve sinav
salonlarina atama bilgilerinin tutulmasi

Gorevli bilgi ekrant Gorevli Bilgi Gorevli bilgilerinin tutulmast
Soru bilgileri ekran Soru Soru bilgilerinin tutulmasi
Ders bilgileri ekrani Ders Ders bilgilerinin tutulmasi

Sonug bilgileri ekrani

Sonug / Sonug Analiz

Siav sonucu 6grenci yanitlarinin ve puanlarinin tutulmasi

Sinav merkezi ekrani

Sinav Merkezi

Sinav merkezi bilgilerinin tutulmasi

Yardim ekrani

Statik Web Sayfasi

Genel bilgilendirme ifadelerinin web sayfalari

Test olusturma ekrani

Sinav Sorular1 Atama

Soru ve ders eslestirme bilgilerinin tutulmasi

Odeme ekrani

Odeme Islemleri

Gorevli 6deme bilgilerinin tutulmasi
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Organizasyonel yap1 modiillerinin her biri i¢in genel olarak bir tablo tercihi yapildig1 goriilmektedir.
Bununa birlikte sinav sonug¢larinin degerlendirilmesi ve analizi igin ayr1 tablolar diisiiniilerek bu tablolar sonug
bilgileri ekrani ile baglant1 olarak ¢alismasi gerektigi goriisli ortaya ¢ikmistir.

Sinav esnasinda mobil cihazlar tarafindan kullanilacak olan veri tabaninin igerisinde bulunmasi gereken
tablolar ¢alistayda katilimcilar tarafindan belirlenmistir. Sinav modiilleri baglaminda olusturulan tablolar
katilimcilar tarafindan modiil temelli kategorize edilerek olusturuldugu goriilmiistiir. Mobil uygulamalarin
kullanmasi i¢in belirlenen tablolar asagidaki gibi listelenmistir (Tablo 5);

Tablo 5. Sinav Modiilleri ve iliskili Veritaban1 Tablolari

Simav modiilleri

Bina Yonetici Yazilimi Salon Gérevlileri Yazilimi Ogrenci Yazilimi
Bina Bilgileri Salon Ogrenci Salon Ogrenci
Salon Bilgileri Ogrenci Ders Test
Salon Ogrenci Ogrenci Yoklamasi Yanit

Bina Gorevli Bireysel Tutanak Sinav Hareketleri Gozlem
Ogrenci Ders Sinav Bilgileri

Gorev Degisimi ve Iptali
Sinav Tutanaklar
3.2.3. Yazilimsal Ozellikler

Katilimcilar, mobil sinav sisteminin yazilimsal yapisinin iki temel unsur iizerinde kurgulanabilecegini
ifade etmektedirler. Bu unsurlardan ilki, sinav hazirlik siirecinde ¢esitli bilgilerin olusturuldugu ve islendigi
web ortamlaridir. Bu ortamlar i¢in farkli programlama dillerinin bulundugu, bu diller arasinda bir 6ncelik
belirlemeye gerek olmadig seklindedir. ikinci olarak siav siireglerinin yiiriitiilmesi esnasinda kullanilacak
olan mobil cihazlarin {izerinde c¢alisacak mobil uygulamalarin iiretilmesi gerektigi vurgulanmistir. Mobil
uygulamalar noktasinda katilimcilar, farkli isletim sistemlerinde ¢alismak i¢in uyumlu bir formata getirilmis
yazilimlarin hazirlanmasinin 6nemli oldugu noktasinda hemfikirdirler. Bu noktada 10S, Android vb. isletim
sistemleri tarafindan desteklenecek mobil uygulamalarinin tasariminin cihaz bagimliligini ortadan kaldiracag:
yoOniinde goriis beyan etmektedirler. Ayrica, iletisim siireclerinin saglikli yiiriitiilmesi ve giivenlik tehditlerini
ortadan kaldirma noktasinda cihazlar arasindaki iletisim siireglerinde kriptolama algoritmalarinin
kullanominin gerekli oldugu ifade edilmektedir. Yazilimsal 6zelliklere yonelik 6rnek katilimci goriisleri
sOyledir;

K7-: Dijital sinavlarin mobil olarak yiiriitiilebilmesi i¢in tablet bilgisayar gibi donanmimlara ihtiyag
duyulacaktir. Bu cihazlarin yetkinlikleri dikkate alindiginda sadece sinav yapilabilecek sekilde ozellikleri
kisitlanmall ve sinava ozel yazilimlar tasarlanmalidir.

K9-: Mobil cihazlarin iizerinde sadece dijital sinav yazilimlar: ¢alismalidir.

K4-: Sinav hazirliklar: yapildiktan sonra sinavin yapimasi icin yazilimsal giivenlige onem verilmelidir.
Oczellikler veri aktarim siireglerinde kriptolu iletisim gibi giivenlik tedbirleri diistintilmelidir.

K2-: Web tasariminin hangi platformlar iizerinden yapildigindan ziyade giivenilir ve korumali web
ortamlart olusturarak sinav hazirliginin gerceklestirilmesi gerekir.

4. Sonug ve Tartisma

Aragtirma kapsaminda katilimci goriisleri tizerinden gozetim altindaki sinavlarda kullanilabilecek mobil
bir sinav sisteminin yapisinin nasil olmasi gerektigine ve bu sistemde kullanilabilecek soru tiirlerine yonelik
bir yap1 ortaya ¢ikarilmaya ¢alisilmistir. Bu amag¢ dogrultusunda yazilim bilesenleri ve sinavlarda kullanilacak
soru tipleri iizerine odaklanan calistaylar diizenlenmistir. Calistaylara uzaktan egitim siirecinde Olgme
degerlendirme konusunda uzman 10 akademisyen katilmistir.
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Mobil sinav sistemlerinde geleneksel kagit-kalem sinavlarina kiyasla alternatif soru tiirlerinin daha kolay
bir sekilde 6l¢me degerlendirme siirecine tasinabilecegi ortaya cikarilmistir. Bu kapsamda mobil sinav
sistemlerinde agik uglu, s6zlii yoklama, kisa cevapl, eslestirme, dogru-yanlis, ¢oktan segmeli, uygulama veya
anlatim isteyen ve iriin gelistirmeye yOnelik sorularin kullanilabilecegi belirlenmistir. Bu sonuglar
alanyazindaki Shan ve ark. [24] ile Rabiee ve ark. [25] nin ¢aligsmalar1 ile benzerlik gostermektedir. Bu durum
dijital ortamlarda gelistirilen smnav sistemlerinin kagit kalem smavlarin sunmus oldugu imkanlar
karsilamasindan kaynaklaniyor olabilir. Ayrica 6lgme degerlendirme siireglerinde kullanilan sorularin
birbirlerine gore ¢esitli avantaj ve dezavantajlart bulundugu i¢in daha etkin bir 6l¢gme degerlendirmede soru
tiirli gesitliliginin 6nemli oldugunu diisiindiiklerinden kaynaklaniyor olabilir. Benzer sekilde sinavlarda farkli
madde kullanimlarinin avantaj olusturma i¢in kullanildigi [26] tarafindan ifade edilmektedir.

Dijital sinavlarda ¢oklu ortam 6gelerinin soru iceriklerinde kullanilabilecegi goriisii ortaya ¢cikmistir. Bu
durum dijital ortamlarda rahatlikla ¢coklu ortam 6gelerinin kullanilabileceginden ve ¢oklu ortam 6gelerinin
soru metinleri veya yanitlarda goriintiilenebileceginden kaynaklaniyor olabilir. Bu anlayisa benzer olarak [27],
cevrimici sinavlarda ¢oklu ortam 6gelerinin kullanilabilecegini ifade etmektedirler. Ayrica dijital sinavlarin
bireysel veya kitlesel yapilabilme ihtimallerinden dolay1 ¢oklu ortam &gelerini i¢eren sorularin veya uygulama
temelli olarak psikomotor becerilerin sunulabilecegi O6lgme degerlendirme islemlerinin rahatlikla
yapilabilecegi anlayisinin ortaya ¢iktigi ifade edilebilir. Benzer bir sekilde [28], ¢oklu ortam &geleri ile
ogrencilerin akademik basarilarinin degerlendirilebilecegini ve problem ¢ézme becerilerinin etkili bir sekilde
Ol¢iilebilecegini ifade etmektedirler.

Biligsel ve psikomotor alanlardaki taksonomik diizeyler baglaminda soru tiplerinin nasil
kullanilabilecegine yonelik olarak katilimcilar geleneksel kagit-kalem sinavlarda kullanilan soru tiplerinin
yaninda dijital ortamlarin imkanlari ile gerceklestirilebilecek 2 farkli soru tipinin daha sinavlara eklenebilecegi
gorlislinli ortaya koymuslardir. Bu soru tipleri uygulama veya anlatima yonelik sorular ve {iriin gelistirmeye
yonelik sorulardir. Ogrencilerin dijital teknolojiler, araglar veya ortamlar kullanarak yanitlayabilecekleri bu
soru tiirleri dijital mobil sinav sistemleri i¢in kullanilabilir olabilecegi ile biligsel ve psikomotor alanlarin tim
taksonomik diizeyleri i¢in bu tiir sorularin kullanilabilecegi goriisii ortaya ¢ikmistir. Bu durum uygulama veya
anlatima yOnelik sorular ile iiriin gelistirmeye yonelik sorularin 6grencilerin performanslarini daha etkin bir
sekilde gosterebilmelerine imkan tanimasina yol acacak oOzelliklerinin olusundan ve 6grenmeleri ile
iliskilendirilebilecegi anlayisindan kaynaklaniyor olabilir. Mayer [29] Ogrencilerin karisik neden-sonug
iliskisine dayal1 sistemleri anlamlandirmalarinda ve egitim siireglerinin daha etkili yiiriitiilmesi i¢in ¢oklu
ortam nesnelerinden faydalanilmasi gerektigini belirtmistir. Boylece 6grencilerin ders esnasinda kullanmis
olduklar1 coklu ortam igerikleriyle smnav sorusu arasinda baglanti kurmasi ve 0Ozellikle neden-sonug
sistemlerine yonelik sorular1 anlamlandirmasi kolaylasacaktir [30].

Calisma sonuglarina gore; mobil bir sinav sisteminin yazilimsal ve donanimsal bilesenler temelinde
olusturulmasi gerektigi sonucuna ulagilmistir. Yazilimsal bilesenlerin sinav hazirlik siirecine (organizasyonel
yap1) ve sinav uygulama siirecine yonelik (sinav modiilleri) olarak iki ana kategoride ele alinmas1 gerektigi
iizerine odaklanilmistir. Organizasyonel yapiy1 olusturan sistemlerin web ortaminda c¢alisabilecek bir yapida
olmasi gerektigi belirtilmistir. Bu durum 6zellikle kitlesel yapiya hitap eden sinavlar i¢in birgok kisinin farkli
gorevler ile (6gretmen, simav merkez yoneticisi, salon baskani, gbézetmen vb. gibi) sistemi kullanma
ihtiyacindan kaynaklandigi ifade edilebilir. Ayrica sinav hazirlik ve uygulama siireglerini farkli isleyislere ve
uygulama zaman araliklarina ihtiya¢ duyduklarindan kaynaklantyor olabilir.

Organizasyonel yapt modiilleri, smavin hazirlik asamasindaki tiim bilgi islemsel siiregleri
gergeklestirecek yapilar1 tanimlamaktadir. Bu yapilar iizerindeki alanlarin gesitliligi sistemi olusturacak
uzmanlarin ve kurumun bilgi ihtiyacina gore farkliliklar gosterebilecegi diistiniilmektedir. Bununla birlikte
sagliklt bir sistem i¢in kullanim amaglarina gore cesitli ekranlarin bulunmasi gerektigi ve bu ekranlarin
gerceklestirecegi gorevler calisma kapsaminda tanimlanmigtir. Opsiyonel yapr modiilleri islevlerine gore el
alindiklarinda 6 temel islev (Sinav tanimlama, Atama, Test olusturma, Sonug, Bilgilendirme, Odeme) tizerine
odaklandiklar1 goriilmektedir. Ortaya ¢ikarilan organizasyonel yapi bilesenleri, iliskili tablolart ve
odaklandiklar islevler sdyledir (Tablo 6);
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Tablo 6. Organizasyonel Yapi modiillerinin Islevsel Siniflandirilmasi

Islev Ekran Ad1 Mliskili Tablo
Sinav Tanimlama Sinav bilgileri ekrani Sinav bilgi
Sinav Tanimlama Ogrenci bilgileri ekrani Ogrenci Bilgi
Sinav Tanimlama Bina bilgileri ekrani Bina Bilgileri

Smav Tanimlama
Smav Tanimlama

Smav Tanimlama

Oturum tanimlama ekrani

Gorevli bilgi ekrani

Sinav merkezi ekrani

Oturum Ozellikleri
Gorevli Bilgi

Sinav Merkezi

Atama Ogrenci atama ekrani Ogrenci Atama
Atama Gorevli atama ekrani Gorevli Atama
Atama Sinav tercih ekrani Sinav Tercihleri

Test Olusturma Soru bilgileri ekran Soru

Test Olusturma Ders bilgileri ekrani Ders

Test Olusturma Test olusturma ekrani Siav Sorular1 Atama
Sonug Sonug bilgileri ekrant Sonug / Sonug Analiz

Bilgilendirme Yardim ekrant Statik Web Sayfasi

Odeme Odeme ekran Odeme Islemleri

Siavin gergeklestirildigi esnadaki yazilimsal Ogeler ise sinav modiilleri olarak tanimlanmistir. Bu
kapsamda sinavin gerceklestirilecegi bina 6zelinde yliriitiilen temel gorevlere yonelik mobil cihazlar iizerinde
calisacak yazilimlarin yapilart {izerinde durulmustur. Mobil ortamlar tizerinde calisacak yazilimlarin
tasarlanmasi gerekliligi ortaya ¢ikarilmistir. Bu kapsamda gelistirilecek mobil yazilim veya yazilimlarin bina
yOnetimi, salon yonetimi, 6grenci yonetimi ve sinav yonetimi odaginda olmasi gerektigi sonucuna ulagilmistir.
Bu baglamda ortaya ¢ikarilan sinav modiilleri sdyledir;

e Bina yonetici yazilimi
e Salon gorevlileri yazilimi
e Ogrenci yazilim

Calisma kapsaminda mobil siav sisteminin ¢alistirilmasi i¢in ¢esitli donanimsal 6gelerin kullanilmasi
gerektigi ortaya ¢ikarilmistir. Bu noktada web ortamlarini ¢alistirmak ve hazirlik siirecini gergeklestirmek icin
sunucu bilgisayarlara gerek duyuldugu ortaya koyulmustur. Girilen ve iiretilen bilgilerin saklanmasi ve
yedeklenmesine yonelik olarak fiziki ve bulut temelli depolama ortamlarinin kullaniminin gerekliligi
belirtilmistir. Ayrica sinavin yiiriitiilmesi i¢in sadece siav i¢in kullanilabilecek sekilde 6zellestirilmis tablet
bilgisayarlarin kullaniminin gerekliligi vurgulanmistir. Bu durum dijital sinav esnasinda goézetim aktivitesi
gerceklestirse bile tablet bilgisayarlarin tiim yetkinlikleri agik oldugunda sinav giivenligini tehlikeye atma,
dijital kopya girisimlerine ortam olusturma ihtimali olmasindan kaynaklaniyor olabilir. Benzer sekilde Topuz
[31], online sinavlarda sinav oncesi ve sinav esnasinda bir¢ok farkli yolla kopya ¢ekme ihtimalinin oldugunu
ve bunlar1 engellemek i¢in ¢esitli stratejilerin kullanilmasi gerektigini ifade etmektedir.

Mobil dijital bir siav sisteminin bilgi liretimi ve yonetimi noktasinda iligkisel bir veri taban1 yapisinin
kullaniminin 6nemli oldugu belirtilmistir. Bununla birlikte sistemde kullanilacak yazilimlarin gelistirilecegi
dillerden ziyade isleyis siireclerini organize etmedeki yetkinliklerinin ve glivenlik diizeylerinin dnemine vurgu
yapilmustir. Veri taban1 yapisinin iliskisel bir yapida hazirlanmasi gerektigi ve iletisim siirecini giivenli hale
getirecek yapilara sahip olmasi gerekliligi vurgulanmistir. Ayrica sinav modiilleri i¢in olusturulan tablolarin
bazilarimin ortak oldugu ve her {li¢ yazilim icinde veri saglayacak sekilde kullanilmasi gerektigi
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anlasilmaktadir. Bu durum simav uygulama siirecinin bina, salon ve 6grenci boyutunda farklilagsa bile 6grenci
ve salon odaginda ortak verilere ihtiya¢ duydugundan kaynaklantyor olabilir.

Mobil dijital bir sinav sisteminin yazilimlarmin igletim sistemi kisitina takilmayacak sekilde tiretilmesi
gerektigi sonucuna ulagilmistir. Bu durum sisteme dahil edilecek cihaz tiiriinii ve bu cihazlarda yer alan igletim
sistemlerinin dijital sinavlarda problem olusturmasini engellemek amacindan kaynaklaniyor olabilir. Ayrica
cihazlar ve ortamlar arasindaki veri iletisiminde gilivenlik tedbirlerinin alinmasi gerektigi anlayisi da ortaya
c¢ikmaktadir. Bu durum erisime kapali bir smav sistemi olusturulsa dahi simnav hazirlik veya uygulama
stirecinde yetkisiz erisim girisimlerinin olabilecegi ihtimalinden kaynaklaniyor olabilir.

Bu calisma gozetim altinda mobil sinav yapabilecek bir sistemin temel bilesenlerine odaklanmaktadir.
Gelecek calismalarda bu c¢alismanin Onerdigi bilesenler tiizerine kurgulanmis sistemlerin denemeleri
gerceklestiirlebilir. Ayrica 6grenci ve smav gercgeklestiricilerinin bakis agilarina odaklanan uygulamali
caligmalar gergeklestirilebilir.
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Abstract: Olive mill wastewater (OMW), a by-product of olive oil production, is a promising substrate for microbial
applications. This agro-industrial waste offers considerable potential for biomass production as it contains carbon and
nitrogen sources that support microbial growth. Additionally, utilization of this waste contributes to environmentally
sustainable waste management. Utilizing OMW as a growth medium, Yarrowia lipolytica offers an alternative to
synthetic media, enhancing the economic value of this waste while reducing production costs. In this study, biomass
production by Y. lipolytica from OMW was optimized using the Taguchi method. The experimental design evaluated
the effects of the OMW dilution rate (20, 40, and 60%), nitrogen concentration (0, 1, and 2 g/L), and incubation time
(3, 5, and 7 days). Nine experiments were conducted using the L9 orthogonal array, and significant factors were
identified using analysis of variance (ANOVA). Among these variables, nitrogen concentration significantly influenced
biomass production (p < 0.05). The highest biomass concentration of 11.58+0.93 g/L. was achieved, and the optimum
conditions were found as OMW dilution rate of 60%, 2 g/L nitrogen addition, and 5 days of incubation. Under these
conditions, the protein content of the biomass was determined as 25.88+0.63% w/w biomass dry weight.

Keywords: Olive mill wastewater, biomass, Yarrowia, waste management, Taguchi

Arastirma Makalesi

Zeytinyagl Degirmeni Atiksuyundan Yarrowia lipolytica ile Biyokiitle
Uretimi: Protein Iceriginin Degerlendirilmesi

Oz: Zeytinyag iiretiminin bir yan iiriinii olan zeytin degirmeni atik suyu (ZDA), mikrobiyal uygulamalar icin umut
vadeden bir substrattir. Bu tarimsal-endiistriyel atik, mikrobiyal biiylimeyi destekleyen karbon ve azot kaynaklar
icerdiginden biyokiitle tiretimi i¢in 6nemli bir potansiyel sunmaktadir. Ayrica, bu atigin kullanimi gevresel olarak
stirdiirtilebilir bir atik yonetimine katkida bulunmaktadir. ZDA’y1 bir bilylime ortami olarak kullanan Yarrowia
lipolytica, sentetik ortama bir alternatif sunarak bu atigin ekonomik degerini artirirken tretim maliyetlerini
diistirmektedir. Bu caligmada, Y. lipolytica tarafindan ZDA’dan biyokiitle tretimi Taguchi yontemi kullanilarak
optimize edilmistir. Deneysel tasarim, OMW seyreltme oraninin (%20, 40 ve 60), azot konsantrasyonunun (0, 1 ve 2
g/L) ve inkiibasyon siiresinin (3, 5 ve 7 giin) etkilerini degerlendirmistir. L9 ortogonal dizilimi kullanilarak dokuz deney
yiirtitiilmiis ve onemli faktorler varyans analizi (ANOVA) kullanilarak belirlenmistir. Bu degiskenler arasinda azot
konsantrasyonu biyokiitle {iretimini 6nemli 6lgiide etkilemistir (p < 0,05). En yiiksek biyokiitle konsantrasyonu
11,584+0,93 g/L olarak elde edilmis ve optimum kosullar %60 OMW seyreltme orani, 2 g/L azot ilavesi ve 5 giin
inkiibasyon olarak bulunmustur. Bu kosullar altinda, biyokiitlenin protein igerigi %25,88+0,63 w/w biyokiitle kuru
agirhigi olarak belirlenmistir.

Anahtar Kelimeler: Zeytin degirmeni atik suyu, biyokiitle, Yarrowia, atik yonetimi, Taguchi
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1. Introduction

Olive mill wastewater (OMW) is the primary effluent generated during olive oil processing [1]. Global
OMW production is estimated to reach approximately 1 X 10”7 m?® annually, with the majority originating in
the Mediterranean region [2]. OMW poses an environmental challenge owing to its high organic content,
which has a substantial impact on the quality of the natural ecosystems where it is discharged. The elevated
organic load of OMW necessitates considerable oxygen consumption, as indicated by its chemical oxygen
demand (COD) and biological oxygen demand (BOD), resulting in eutrophication of surface waters [3]. In
addition, OMW can affect soil quality and negatively influence the growth of trees, plants, and terrestrial
grasses [4].

The concept of microbial proteins, commonly referred to as single-cell protein (SCP), has been
recognized for a long time. The production of SCP offers distinct advantages over plant- and animal-based
sources such as short generation times, the ability to manipulate metabolism and composition, and
independence of climatic conditions. Also, it has the potential to significantly reduce the environmental
footprint, including land use, water consumption, and greenhouse gas emissions, compared to animal protein
production [5]. The global demand for proteins continues to rise, and advancements in the food processing
sector are expected to enhance this significance. Notably, the SCP market is projected to surpass $18.5 billion
by 2030, underscoring its significance as a sustainable protein source [6]. Reducing the production cost of
SCPs largely depends on the selection of inexpensive and suitable substrates. Utilizing biodegradable agro-
industrial byproducts as nutrient sources is a cost-effective approach for supporting microbial growth and
facilitating large-scale protein production [7].

Microorganisms (algae, yeast, fungi, and bacteria) can produce large amounts of SCP [8], and this
production ensures that dried cells serve as a valuable source of protein for both human nutrition and animal
feed applications. Moreover, the dry matter of yeast contains protein ranging 5-70%, and is characterized by
a favorable amino acid profile [9]. Yarrowia lipolytica is a non-conventional dimorphic yeast. Its unique
metabolic pathways enable growth on various carbon sources, making it suitable for industrial applications
[10]. Y. lipolytica is classified as Generally Recognized as Safe (GRAS) by the U.S. Food and Drug
Administration (FDA, USA). This classification is important for the use of microorganisms in food and feed
applications [11]. Y. lipolytica strains are well-suited for OMW resource recovery. These strains can grow on
OMW, effectively degrade lipids and polyphenols, consume organic matter, and simultaneously produce
biomass and other valuable by-products [12].

Previous studies have explored single-cell biomass [13], [14], [15], [16], [17] and SCP production [18],
[19] using OMW. Nonetheless, studies on SCP from OMW, particularly those involving Y. lipolytica, are still
considered to be relatively limited. Therefore, in this study, considering the diversity of chemical substances
used in synthetic media for obtaining biomass by Y. lipolytica NRRL YB-423, as well as the economic aspects,
the potential for substituting these substances with OMW, a sustainable waste resource, was investigated. For
this purpose, the biomass concentration was optimized using the Taguchi statistical method according to the
OMW dilution ratio (20, 40, and 60%), nitrogen concentration (0, 2, and 4 g/L), and incubation time (3, 5, and
7 days). Finally, the protein content of the biomass obtained as a result of production under optimum
conditions was evaluated.

2. Material and methods
2.1. Microorganism

Yarrowia lipolytica NRRL YB-423 (ATCC 18942) was obtained from the American Type Culture
Collection (ATCC, Manassas, VA, USA). The yeast cells were activated in malt extract broth at 28°C for 24-
48 h. The strain was stored in 50% (v/v) glycerol at -80°C.

2.2. Sample preparation

The OMW used in this study was sourced from an olive oil production facility in izmir, Tiirkiye, which
had a three-phase extraction system. The samples were stored at -18°C to preserve their composition. The
OMW samples were thawed and solid particulates were separated by centrifugation at 3000 x g for 10 min
and used for analysis (Hettich, Universal 320 R; Germany).
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2.3. Key parameters of OMW

The centrifuged OMW samples were filtered through a 0.45 pum syringe filter (ISOLAB, Germany), and
chemical oxygen demand (COD) was measured using Merck Spectroquant kits (Merck, Germany) with a
Move 100 colorimeter (Merck, Germany). The absorbance of the samples was measured at a wavelength of
475 nm using a UV—-Vis spectrophotometer (UV-1600 PC, VWR) for color determination [20]. The samples
were diluted 100-fold for both the analyses. Finally, pH was measured using a pH meter (Mettler Toledo lon
S220; Griefensee, Switzerland).

2.4. Culture conditions

Biomass production experiments were conducted using OMW as the primary substrate, with only
nitrogen (according to the experimental design) and glucose supplementation (30 g/L). Ammonium chloride
(NH4CI) was used as nitrogen source. The culture medium was sterilized in an autoclave at 121°C for 15 min
to ensure aseptic conditions. Shake-flask fermentation experiments were performed in 250 mL Erlenmeyer
flasks, each containing 50 mL of sterilized culture medium. The pH of the culture medium was not adjusted.
The medium was inoculated with 1 mL of an exponentially growing pre-culture containing approximately 10°
cells/mL. Following inoculation, the cultures were incubated in a rotary shaker (Mikrotest, MSC 55, Tiirkiye)
at 28°C with a shaking speed of 180 rpm.

2.5. Determination of biomass concentration

After incubation, the samples were centrifuged at 3000 x g for 10 min. Cell pellets were collected, washed
twice with distilled water to remove residual medium components, and subsequently dried at 80°C until a
constant weight was achieved. The dried pellets were weighed to obtain the final dry cell weight [21].

2.6. Protein content of biomass

Protein content was determined according to the Kjeldahl method by digestion, distillation, and acid-base
titration using a Behrotest digestor and distiller (Behr Labor-Technik, Germany). The protein amount (%) was
determined by multiplying the measured nitrogen content by a nitrogen-to-protein conversion factor of 6.25.

2.7. Optimization of biomass concentration

The experimental results are expressed as signal-to-noise (S/N) ratios, where the “signal” represents the
mean for the output and “noise” indicates the variability or deviations from the target values. Taguchi’s S/N
analysis classifies response characteristics into three main categories: “smaller-the-better”, “larger-the-better”,
and, “nominal-the-best” ensuring flexibility across various optimization scenarios. The factor levels with the
highest S/N ratio are considered optimal [22]. In this study, experimental combinations were selected using
an L9 orthogonal test table to identify optimal pretreatment conditions. The factors and their levels are listed
in Table 1.

Table 1. Factors and levels for biomass concentration

Factors Level 1 Level2 Level3
Dilution rate (%) 20 40 60
Nitrogen concentration (g/L) 0 1 2
Incubation time (days) 3 5 7

All experiments were conducted in duplicates. Analysis of variance (ANOVA), was performed to
evaluate the significance of the tested parameters. The combined use of S/N ratios and ANOVA facilitated
the identification of the optimal process conditions and provided insights into the impact of each variable on
the outcome.

The Taguchi method is widely used in biotechnological applications owing to its effectiveness in
optimizing complex processes with a minimal number of experiments. Through the application of orthogonal
array designs, this method facilitates the analysis of multiple factors and their interactions, without the need
for comprehensive full-factorial experimentation. Its strength lies in minimizing process variability and
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determining optimal conditions using S/N ratio analysis, making it highly suitable for reducing
inconsistencies, enhancing output, and achieving specific target parameters.

3. Results and discussion
3.1.Characterization of OMW

The pH of the undiluted OMW was 4.50+0.01. The COD concentration was measured as 635+7.07 mg/L,
and the color absorbance was recorded as 0.105+1.41 at 475 nm. Lucas and Peres [23] studied an OMW
sample with similar COD value. Lopes et al. [12] used OMW with a much lower COD value (19,584 mg/L).
Jamrah et al. [24] stated that COD concentrations depend on the extraction method and the country of origin.
Generally, the COD value ranges between 80,000 and 200,000 mg/L in the OMW samples [11]. The COD
levels of the OMW sources used in this study were below this range.

3.2. Process optimization

The experimental design, biomass production, and S/N ratio are presented in Table 2. As can be seen
from the table, for the samples without nitrogen, the biomass concentration remained low and comparable
level, regardless of the OMW dilution rate and incubation time (0.39-0.51 g/L). However, the highest biomass
concentration was obtained after 5 days of incubation when the culture medium contained 60% diluted OMW,
supplemented with 2 g/LL NH4Cl, reached in a value of 11.58+0.93 g/L. Under these conditions, the protein
content of the biomass was determined as 25.88+0.63% w/w biomass dry weight.

For effective protein production, the protein content within single-cell organisms typically ranges from
to 39-73% [25]. Although Y. lipolytica is compatible with these conditions, further optimization is required to
improve its productivity and/or protein content for enhanced efficiency. On the other hand, the findings
demonstrated the feasibility of employing OMW as a cost-effective and sustainable substrate for SCP
production via microbial biomass production.

Table 2. Experimental desing and results of biomass concentration and S/N ratio

Ru Dilution rate Nitrogen concentration (g/L) Time Biom_ass S/N ratio
(%) (days) concentration (g/L)
1 20 0 3 0.39+0.10 -8.1121
2 20 1 5 5.40+0.91 14.6479
3 20 2 7 9.93+0.95 19.9381
4 40 0 5 0.51+0.11 -5.9342
5 40 1 7 8.30£1.57 18.3816
6 40 2 3 5.52+0.13 14.8309
7 60 0 7 0.47+0.09 -6.5212
8 60 1 3 6.75+0.05 16.5899
9 60 2 5 11.58+0.93 21.2742

Previous studies using OMW supplemented with additional medium components resulted in lower or
similar biomass concentrations compared with our study [1], [10], [13], [14], [19]. The microorganisms used
for SCP should have rapid growth, minimal nutritional needs, easy processing, nonpathogenic and non-toxic
properties, low nucleic acid content, and high biological value [26]. Therefore, the ability of Y. lipolytica,
recognized as GRAS, to rapidly adapt and grow on OMW supplemented with only 30 g/L glucose and nitrogen
concentrations specified in the experimental design, without the addition of any other medium components,
was considered significant for this study.

The high cost of synthetic media has limited advancements in microbiology, fermentation, and molecular
biology [27]. On the other hand, the treatment of domestic and industrial wastes generated by developed
countries requires substantial energy consumption [28]. To effectively address these issues, a circular
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economy is designed to maintain a balance between economic growth, resource sustainability, and
environmental protection [29]. Therefore, the use of OMW for biomass production is considered a viable
option for on-site waste reduction and/or recycling, particularly in Mediterranean countries, because it can
serve as a substitute for synthetic media, mitigate environmental issues, and reduce processing costs.

The analysis of variance (ANOVA) results, as presented in Table 3, indicated that among the evaluated
factors, nitrogen concentration had the most significant effect on biomass production, with a contribution of
97.36%. In contrast, the dilution rate and incubation time showed minimal contributions, influencing biomass
concentration by only 0.37% and 1.08%, respectively. The effect of nitrogen concentration on production was
significant (p < 0.05), whereas the effects of the other factors were not significant (p > 0.05).

Table 3. ANOVA for biomass concentration

Source DF SeqSS Contribution AdjSS AdjMS F P
Dilution rate (%) 2 4.54 0.37% 4.54 2.271 0.31 0.765
Nitrogen concentration (g/L) 2 1204.07 97.36% 1204.07 602.036 81.52 0.012
Time (days) 2 13.33 1.08% 13.33 6.665 0.90 0.526
Error 2 14.77 1.19% 14.77 7.385
Total 8 1236.71 100%

DF: Degrees of freedom, Seq SS: Sequential sum of squares, Adj SS: Adjusted sum of squares, Adj MS: Adjusted mean square
(R?: 98.81%, R?adj: 95.22%, R?pred: 75.82%)
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Figure 1. The plot of the S/N ratio for biomass concentration

The main effect plots for the mean and signal-to-noise (S/N) ratios are shown in Figure 1. The highest
S/N ratio for each control factor was observed at a 60% dilution rate, nitrogen concentration of 2 g/L, and
incubation time of 7 days.

Sarris et al. [13] used OMW as a substrate for value-added product production. They determined the
highest biomass concentration of 12.7 g/L with Y. lipolytica ACA-YC 5028 after 48 h in carbon-limited
glucose-based media with various amounts of OMW (initial phenolics 1.23 g/L). Although a similar result
was obtained in our study, shorter incubation time was an important factor. Therefore, the composition of the
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medium can be further improved. Sarris et al. [30] demonstrated that the addition of OMW in carbon-limited
fermentations enhanced biomass production of Y. lipolytica ACA-YC 5033. At an initial glucose concentration
of approximately 80 g/L, carbon flux was channeled more effectively for biomass synthesis. In this context,
different and higher glucose concentrations can be tested in subsequent stages of our study. Carranza-Méndez
et al. [31] achieved 15.71 g/L biomass and 6.22% total protein at optimum conditions ((NH4)2SOa4: 2 g/L,
orange peel (% w/v): 10, and 25°C) with Candida utilis. In another study, Y. lipolytica A-101 was cultured at
pH 5.0 and 30°C using biofuel waste as the medium. The protein concentration increased to 8.28 g/L,
representing a 44% improvement compared to the initial value of 3.65 g/L [32]. Finally, in a study conducted
with Y. lipolytica wt A-101 incubated at 28°C, pH 3.5, and 150 rpm for 5 days using shake-flask fermentations,
between 30.5-44.5% protein was obtained using rye straw, rye bran, and oat bran as substrates [11].

4. Conclusion

The findings of this study emphasize the potential of olive mill wastewater (OMW) as a viable and cost-
efficient substrate for microbial biomass production. The optimization process conducted using the Taguchi
method revealed that the nitrogen concentration was the most influential factor in biomass yield, with a
significant impact on production outcomes. Moreover, the protein content of the biomass can be regarded as
significant, both as a contribution to human nutrition and as an animal feed additive. It is believed that more
detailed characterization of the OMW will play an important role in determining the production mechanism.
Future studies involving scale-up processes, genetic modifications, and further optimization can enhance
production. Additionally, investigating the synergistic utilization of OMW in combination with other
agricultural by-products could further enhance biomass production and improve process yield. For example,
incorporating glucose derived from waste sources into the culture medium would make this process more
effective. These results underscore the value of incorporating OMW into biotechnological applications,
presenting the dual advantage of resource recovery and waste valorization. This approach not only improves
the economic feasibility of microbial biomass production but also contributes to environmental sustainability.
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