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Effective Dye Adsorption with Cross-linked                                     

Hexagonal Boron Nitride Spheres 
 

Sahra Dandıl1* , Abdullah Düzgün  
 

Abstract: In this study, cross-linked spheres (CS) were synthesized with chitosan and 

hexagonal boron nitride (h-BN) to investigate the efficiency of h-BN as an adsorbent and 

reveal an alternative adsorbent for adsorption processes. CS were used in Reactive Blue 3R 

(RB3R) and Red P4BN (RP4BN) dye adsorption from wastewater. Surface characteristics of 

the CS were investigated by Scanning Electron Microscopy (SEM) with Energy Dispersive 

X-ray (EDX) analysis. The behavior of the adsorption processes with varying effective 

parameters was investigated. The highest removals were obtained at pH 3 for the RB3R and 

RP4BN removal processes as 62.8 and 74.2%, respectively. The equilibrium time of the 

processes was determined as 150 min. The pseudo-first-order kinetic model best explained 

the adsorption rates of the processes. The Freundlich isotherm model was fitted to define the 

adsorption mechanisms for both dyes. The positive ΔH values obtained as 24.27 and 16.59 

kJ mol−1 for the RB3R and RP4BN adsorption processes, respectively, showed that the 

processes were endothermic. For the RB3R and RP4BN dye removal processes, ΔS values 

were calculated as 93.38 and 72.23 J mol−1K−1, respectively. Positive ΔS value indicates the 

processes that occur with an increase in disorder at the interface. The results described that 

the CS can be used in the adsorption of RB3R and RP4BN dyes from wastewater. 
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1. INTRODUCTION 

 

Decreased water resources around the world have made the 

issues of more conscious use of existing resources and reuse 

of wastewater important. Pollutants that cause a danger to the 

environment and living things by mixing with wastewater 

can be exemplified as pesticides, herbicides, 

pharmaceuticals, heavy metals, industrial dyes and 

detergents (Peng et al., 2022; Ewis et al., 2022). Among 

these, dyes cause environmental problems even at very low 

concentrations. They are preferred for coloring in the textile, 

leather and paper industries (Duan et al., 2022). Synthetic 

dyes, which can be ionic (cationic and anionic) and non-

ionic, cause serious problems by mixing with water during 

or after production (Tara et al., 2021; Chouaybi et al., 2022). 

In addition, their complex molecular structure gives them 

durability and resistance (Qasem et al., 2022). 

 

Adsorption is one of the preferred effective methods in 

wastewater treatment. To remove pollutants from 

wastewater, adsorption describes a mass transfer that occurs 

in the form of physical or chemical bonding of dissolved 

pollutants in the liquid phase (adsorbate) onto a solid phase 

(adsorbent) (Artioli, 2008; Liyanag and Walpita, 2020; Hu 

and Xu, 2020). The method is frequently preferred for 

industrial dye removal due to its low cost, controllability and 

high performance. 

 

One of the most researched aspects of the adsorption method 

is the synthesis of new adsorbents. The adsorbents to be used 

in adsorption processes are expected to be high-capacity, 

porous, cheap and stable, and provide high efficiency. One 

of the materials frequently used in adsorbent synthesis is 

chitosan. Chitosan is a natural polysaccharide synthesized by 

the N-deacetylation of chitin (Chen et al., 2022). Chitosan 

has applications in adsorption because it can interact with 

pollutants with amino (-NH2) and hydroxyl (-OH) groups in 

its molecules (Verma and Dutta, 2020). Synthesis of various 

adsorbents using chitosan and their use in different 

adsorption processes are included in the literature. Among 

the studies in recent years, Chen et al. synthesized chitosan-

based aerogel and used it in thorium adsorption (Chen et al., 

https://orcid.org/0000-0001-9724-5597
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2022). Yeo et al. synthesized bentonite-chitosan composites 

for use in the removal of antibiotics (Yeo et al., 2023). Wang 

et al. prepared magnetic chitosan using chitosan and iron 

oxide (Fe3O4) as an adsorbent and used it in dye adsorption 

(Wang et al., 2022). Xu et al. studied the adsorption of heavy 

metals with composite beads synthesized with paper waste 

and chitosan (Xu et al., 2022). 

 

It is known that two-dimensional materials have excellent 

electrical, mechanical and thermal properties compared to 

their bulk forms (An et al., 2022). Hexagonal boron nitride 

(h-BN) is a two-dimensional material with a structure similar 

to graphene (Yun et al., 2022). h-BN has many uses with its 

excellent mechanical, electrical, thermal and chemical 

properties (Chen et al., 2022). In this study; in order to 

investigate the efficiency of h-BN in wastewater treatment 

and to reveal an alternative adsorbent that can be used in 

adsorption processes, cross-linked spheres (CS) containing 

h-BN and chitosan were synthesized and used in dye 

adsorption processes. This study is important in terms of 

examining the usability of h-BN, which draws attention to its 

superior properties, as an adsorbent in adsorption processes, 

in addition to its usage areas. Reactive Blue 3R (RB3R) and 

Red P4BN (RP4BN) dyes were chosen as dyes. RB3R (C.I. 

Reactive Blue 28) belongs to the vinyl sulfone dye group 

(Emco, 2023). RP4BN (C.I. Reactive Red 3.1) is also in a 

reactive dye group (Aditya, 2023). The effective parameters 

(pH, time, dye concentration, adsorbent dosage and 

temperature) of both dye removal processes were examined. 

Kinetic, equilibrium and thermodynamic data of the 

processes were performed to describe the RB3R and RP4BN 

dye adsorption by the spheres. 

 

2. MATERIAL AND METHOD  

 

2.1. Materials  

 

Chitosan and hexagonal boron nitride (h-BN) were used to 

synthesize cross-linked spheres (CS) to use as an adsorbent. 

h-BN (micron size) was supplied from BORTEK. The acetic 

acid solution was purchased from Merck. Glutaraldehyde 

solution (50%) was used as a cross-linker and supplied from 

Fluka. RB3R and RP4BN dyes used as adsorbates were 

obtained from a textile dye production factory in Turkey. 

Various concentrations of hydrochloric acid (HCl) and 

sodium hydroxide (NaOH) solutions were used to adjust the 

pH of the dye solutions.  

 

2.2. Synthesis and characterization of adsorbent 

 

Synthesis of the adsorbent was carried out similarly to the 

study previously presented by Dandil et al (Dandil et al., 

2019). 1.5 g chitosan was added to 75 mL of 5% by volume 

acetic acid solution and left to stir overnight. After mixing 

was complete, 0.5 g of h-BN was added to the mixture and 

stirred overnight. The mixture was added to a 1M NaOH 

solution with a syringe. It was observed that each drop of the 

mixture became spherical particles. The spheres were left to 

mix overnight. Then, the spheres were washed with distilled 

water. Several washes were continued until pH 7. The 

spheres were added to a 2.5% glutaraldehyde - ethyl alcohol 

solution by mass and kept in a shaker at 60 °C for 15 hours. 

The spheres washed with distilled water were held at -80 °C 

for a night. Then the spheres were kept in a freeze-dryer for 

24 hours. 

 

The surface characteristics of the CS were determined with 

Scanning Electron Microscopy (SEM) analysis. Zeiss Supra 

40VP was used to investigate the surface porosity and pore 

distribution of the sample. Also, Energy Dispersive X-ray 

(EDX) technique was performed for the chemical 

characterization of the CS. 

 

2.3. Adsorption 

 

The synthesized spheres were used for the adsorption of 

RB3R and RP4BN dyes from aqueous solutions. The 

effective parameters such as pH (3-9), time (0-150 min), dye 

concentration (25-150 ppm), adsorbent dosage (0.2-0.8 g/L) 

and temperature (25-45 °C) on the removal processes were 

investigated. The same parameter values were studied for 

both dyes. 

 

Adsorption studies were carried out with 50 mL dye 

solutions. The aqueous dye solutions were prepared with 

deionized water. The experiments were performed in a 

shaker (Thermal H11960) at 200 rpm. Absorbance values of 

the samples taken at certain time intervals to determine the 

dye concentrations in aqueous solutions were obtained with 

the Ultraviolet-Visible region (UV-GB) spectrophotometer 

(Perkin Elmer, Elmer Analyst 800) at a wavelength of 585 

and 535 nm, where the maximum absorbance values for 

RB3R and RP4BN dyes was observed, respectively. 

 

The adsorption data of the processes were studied with the 

adsorption capacity and removal percentage equations given 

below (Long et al., 2022): 

 

qe =
(C0 − Ce)xV

m
 (1) 

%Removal =
(C0 − Ce)x100

C0

 (2) 

 

where qe; the amount of dye adsorbed at equilibrium (mg g-

1), Co and Ce; initial and equilibrium dye concentrations of 

dye solution (mg L-1), respectively, V; volume (L), M; 

adsorbent mass (g) (Long et al., 2022). 

 

3. RESULTS AND DISCUSSION 

 

3.1. Characterization of the spheres 

 

The surface characteristics of the CS were observed by SEM 

images. SEM micrograph of the CS at 20000 magnifications 

is presented in Figure 1 (a). The porous and uniform texture 

of the spheres is shown in microscopic observation. The 

elemental composition of the adsorbent was examined by 

EDX analysis. As given in Figure 1 (b), carbon (C) and 

oxygen (O) elements were observed in the EDX image of the 

CS. According to the quantitative analysis of the CS given in 

Table 1, the mass fraction of C and O are determined as 51.21 

and 25.78%, respectively. 
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(a) 

 
(b) 

 

Figure 1. (a) SEM and (b) EDX images of the CS 

 

Table 1. Quantitative results of EDX analysis for the CS 

 

Elements Mass% Atomic% 

Carbon 51.21 59.30 

Oxygen 25.78 22.41 

Sodium 11.05 6.68 

Nitrogen 11.31 11.23 

Magnesium 0.66 0.38 

 

3.2. Effect of pH of the dye solutions and contact time 

 

The pH of the RB3R and RP4BN dye solutions has a great 

effect on the adsorption processes due to changing the 

surface charge of the CS. The surface charge of an adsorbent 

is significant since it affects the adherence of the ionized 

RB3R and RP4BN dye molecules on the CS surface. To 

investigate the effect of various pH values on the RB3R and 

RP4BN dye adsorption on the CS, experiments were done 

for pH values in the range of 3-9 of dye solutions. The 

concentration of the dye solutions was 50 ppm, the adsorbent 

dosage was 0.4 g/L and the temperature was 25 °C in the 

experiments. The processes were followed for 150 minutes. 

pH effect on the removal percentages of RB3R and RP4BN 

dyes by the CS is given in Figure 2. According to Figure 2, 

it was observed that RB3R and RP4BN removal percentages 

decreased with the increase of pH values from 3 to 7, and no 

removal occurred for both dyes at pH 9. The percentages of 

RB3R dye removal by the CS were determined as 62.8, 58.7 

and 6.9% at pH of 3, 5 and 7, respectively. And also for the 

RP4BN dye adsorption process from aqueous solution 74.2, 

28.8 and 2.8% removal efficiencies were observed at pH of 

3, 5 and 7, respectively. Thus, the effect of pH on adsorption 

was confirmed. The highest removals were obtained at pH 3 

for both processes. Due to the positive charge density in the 

aqueous solution medium at pH 3, the adsorption of anionic 

RB3R and RP4BN dyes on the CS was effective. As the pH 

increased, the adsorption efficiencies of the dyes decreased 

with the decrease of the positively charged sites (Mahmoodi 

and Mokhtari-Shourijeh, 2015). 

 

 
 

Figure 2. Effect of pH on the removal percentages of RB3R 

and RP4BN dyes by the CS (Initial dye concentrations: 50 

mg/L, adsorbent dosage: 0.4 g/L, temperature: 25 °C, time: 

150 min) 

 

The RB3R and RP4BN adsorption processes on the CS were 

followed with time in the range of pH 3-9 of the dye solutions 

and results were given in Figure 3. According to the graphs 

given in Figure 3 (a) and (b) for RB3R and RP4BN dye 

removal processes, respectively, regular increases were 

observed in the removal percentages for both dyes over time 

at all pH values. After 90 minutes for both processes, the 

increase in removal percentages started to decrease and the 

processes reached equilibrium in 150 minutes at pH 3, where 

the highest removal was determined. Also, a higher removal 

of RP4BN dye (74.2%) than RB3R dye (62.8%) was 

obtained at pH 3 in 150 minutes. In the early times of 

adsorption, the unoccupied sites of the CS allowed more 

efficient and rapid adsorption of the RB3R and RP4BN 

molecules. However, due to the active sites that start to 

occupy the dye molecules with time, the removal 

percentages decrease and reach an equilibrium where there 

is no dye removal (Wong et al., 2020). 
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(a) 

 

 
(b) 

 

Figure 3. Effect of contact time on the removal percentages 

of (a) RB3R and (b) RP4BN dyes by the CS (Initial dye 

concentrations: 50 mg/L, adsorbent dosage: 0.4 g/L, 

temperature: 25 °C) 

 

3.3. Adsorption kinetics 

 

The experimental data obtained for the RB3R and RP4BN 

dye adsorption with the synthesized spheres were evaluated 

with the two most used kinetic models. The adsorption 

kinetics of the dye adsorption processes were studied with 

the pseudo-first-order and pseudo-second-order models. 

 

The pseudo-first-order and pseudo-second-order kinetic 

model equations were presented in Equations (3) and (4), 

respectively (Loganathan et al., 2022): 

 

log(qe − qt ) = logqe − 
𝑘1

2.303
t (3) 

𝑡

𝑞𝑡

=
1

𝑘2𝑞𝑒
2

+
𝑡

𝑞𝑒

 (4) 

 

where t; time (min), qt; adsorbed dye at time t (mg g-1), k1 

and k2; first-order kinetic model rate constant (min-1) and 

second-order kinetic model rate constant (g mg-1 min-1), 

respectively and C; constant (Loganathan et al., 2022). 

 

The pseudo-first-order and pseudo-second-order kinetic 

model plots of the RB3R and RP4BN dye removal processes 

by the CS are seen in Figure 4 (a) and (b), respectively. The 

parameters of the kinetic models were also presented in 

Table 2. The correlation coefficients (R²) of the RB3R and 

RP4BN adsorption processes seen in Table 2 were 

interpreted to decide on the kinetic model that best describes 

the processes. The R² values of the pseudo-first-order kinetic 

model were higher than the R² values of the second-order 

kinetic model for both dyes. Thus, the pseudo-first-order 

kinetic model was found as compatible with the removal of 

RB3R and RP4BN dyes by the CS. The highest R² values of 

the pseudo-first-order model indicate the RB3R and RP4BN 

dye removal processes by the CS occur physically (Zaini et 

al., 2022). In addition, the calculated qe value for the RP4BN 

dye was found to be higher than that of the RB3R dye. 

 

 
(a) 

 

 
(b) 

 

Figure 4. (a) Pseudo-first-order, and (b) pseudo-second-

order kinetic model plots for the RB3R and RP4BN dye 

adsorption processes 

 

Table 2. Kinetic parameters of the RB3R and RP4BN dye 

adsorption processes 

 
 Pseudo-First-Order 

Kinetic Model 

Pseudo-Second-

Order Kinetic 

Model 
 k1(x102

) 

(min-1) 

qe, cal 

(mg g-1) 

R2 k2(x105

) 

(g mg-1 

min-1) 

qe ,cal 

(mg g-1) 

R2 

RB3R 3.55 125.6

6 

0.992

9 

7.98 138.8

9 

0.906

4 

RP4B

N 

3.36 142.3

3 

0.996

2 

3.30 208.3

3 

0.727

1 

 

3.4. Effect of initial concentration of the dye solutions and 

isotherm studies 

 

To examine the dye concentration effect on removal 

efficiency, the adsorption processes of RB3R and RP4BN 

dyes on the CS were studied in the range of 25-150 ppm dye 

solution concentrations. The processes were followed at 0.4 

g/L adsorbent dosage and 25 °C for 150 minutes. The effect 

of initial dye concentration on the removal percentages of the 

processes is given in Figure 5. In Figure 5 (a) and (b), it is 

observed that the removal efficiencies increase over time for 

each concentration according to the graphs showing the 

change in the percentage of removal of RB3R and RP4BN 

dyes, respectively. At the end of 150 minutes, 48.0, 62.8, 
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67.6 and 42.1% removals were obtained for RB3R dye at 25, 

50, 100 and 150 ppm, respectively. Removal percentages of 

63.3, 74.2, 71.2 and 63.0% were obtained for RP4BN at 25, 

50, 100 and 150 ppm, respectively. It is seen that higher 

removals were obtained for RP4BN than RB3R at all 

concentration values. For both dyes, the removal percentages 

increased with increasing dye concentration but decreased 

after a high concentration. Up to a certain concentration, the 

number of unoccupied sites for adsorption is high, and the 

driving force for mass transfer also increases. After a high 

concentration, the removal efficiency decreases as the 

number of sites required to increase the concentration will be 

limited. The results agree with other adsorption studies 

presented previously (Pathania et al., 2017; Salimi et al, 

2017; Farouq, 2022;). 

 

 
(a) 

 

 
(b) 

 

Figure 5. Effect of initial concentrations of (a) RB3R and 

(b) RP4BN dye solutions on the removal efficiencies of the 

RB3R and RP4BN dye adsorption processes (Adsorbent 

dosage: 0.4 g/L, time: 150 min, temperature: 25 °C) 

 

Langmuir and Freundlich models were studied to explain the 

mechanisms of the RB3R and RP4BN dye adsorption 

processes on the spheres. Langmuir and Freundlich 

equations are given below respectively (Dandil et al., 2019): 

 

𝐶𝑒

𝑞𝑒
=

𝐶𝑒

𝑞𝑚
+

1

(𝑞𝑚𝐾𝐿)
  (5) 

ln 𝑞𝑒 = ln 𝐾𝐹 +
1

𝑛
 ln 𝐶𝑒 (6) 

 

where KL; Langmuir isotherm constant (L g-1), qm; maximum 

adsorption capacity (mg L-1), KF; Freundlich isotherm 

constant, and n; linearity constant for Freundlich isotherm 

(Dandil et al., 2019). 

 

The plots of Langmuir and Freundlich isotherm are seen in 

Figure 6. In addition, the isotherm parameters of both 

processes were calculated and presented in Table 3. As given 

in Table 3, the R2 values of the isotherm models exhibit that 

the Freundlich isotherm model clarifies better isotherm 

studies of both processes than the Langmuir model. The 

Freundlich isotherm model for the RB3R and RP4BN dye 

removal processes describes that the RB3R and RP4BN dye 

is adsorbed on the surface of the CS with multilayer sorption 

(Salim et al., 2021). The n value indicates the heterogeneity 

of the CS surface and being below unity explains cooperative 

adsorption (Ojediran et al., 2021; Salim et al., 2021). 

  

 
(a) 

 

 
(b) 

 

Figure 6. (a) Langmuir and (b) Freundlich isotherms for the 

RB3R and RP4BN dye adsorption processes 

 

Table 3. Freundlich and Langmuir isotherm model 

parameters for the RB3R and RP4BN dye adsorption 

processes 

 
 Langmuir Isotherm Freundlich Isotherm 

 KL(x103) 

(L/mg) 

qm(x10-

3) 

(mg g-

1) 

R2 KF 

(mg g-1 

(L/g)1/n) 

n R2 

RB3R 6.55 0.55 0.8943 5.16 1.206 0.9921 

RP4BN -2.8 -1.67 0.3095 4.23 0.956 0.9907 

 

3.5. Effect of adsorbent dosage 

 

To investigate the CS amount effect on the RB3R and 

RP4BN dye removal processes, studies were performed at 

various adsorbent dosages (0.2-0.8 g/L). Data were obtained 

for 150 minutes at 25 °C at a concentration of 50 ppm dye 

solutions. The behavior of RB3R and RP4BN dye removal 

processes at different adsorbent dosages are given in Figure 

7 (a) and (b), respectively. For both processes, the removal 

percentages increased with the increasing adsorbent dosage, 

while the adsorption capacities decreased. For the RB3R dye 

adsorption process, increasing CS dosage from 0.2 to 0.8 g/L 

increased the RB3R dye removal percentage from 58.6 to 

69.9%, but decreased the adsorption capacity from 146.4 to 
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43.7 mg/g. Similarly, the RP4BN dye removal increased 

with the CS dosage from 43.6 to 76.9%, while the adsorption 

capacity decreased from 109.1 to 48.1 mg/g. Increasing the 

adsorbent dosage above 0.4 g/L slightly increased the 

removal percentages of RP4BN (Figure 7 (b)), but 

effectively increased it for RB3R removal (Figure 7 (a)). In 

addition, the adsorbent dosage showed a strong effect on the 

adsorption capacity of both dyes. 

 

 
(a) 

 

 
(b) 

 

Figure 7. Effect of adsorbent dosage on the removal 

efficiencies and adsorption capacities in (a) RB3R and (b) 

RP4BN dye adsorption processes (Initial dye concentrations: 

50 mg/L, time: 150 min, temperature: 25 °C) 

 

Table 4 presents the adsorption capacities of some 

adsorbents prepared using chitosan in previous studies with 

the CS in dye removal processes. According to Table 4, CS 

has a moderate adsorption capacity compared to other 

studies in the literature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Adsorption capacities of adsorbents synthesized 

with chitosan in dye removal 

 
Adsorbent Dye Adsorption 

capacity  

(mg g-1) 

Reference 

salicylaldehyde 

functionalized 

chitosan 

Crystal 

violet 

 

6.85 Parshi et al., 

2019 

Rose Benga 15.26 

chitosan-Gelatin / zirconium 

(IV) selenophosphate 

nanocomposite 

Methylene 

blue 
10.46 

Kaur and Jindal, 

2019 

CS 
RB3R 146.4 

Present study 
RP4BN 109.1 

photocatalytic flyash/TiO2 

modified chitosan 

biopolymer composite 

Congo red 163.51 
Gajera et al., 

2022 
Methylene 

blue 
55.75 

chitosan-montmorillonite 

hydrogel beads 
methyl green 303.21 

Kurczewska, 

2022 

magnetic Fe3O4 embedded 

chitosan-crosslinked-

polyacrylamide composites 

Sunset 

yellow 
359.71 

Jiang et al., 

2022 

MIL-53(Fe)/chitosan 

composite 

hydrogel spheres 

Congo red 590.8 Jin et al., 2022 

chitosan-based dual network 

composite hydrogel 

Methylene 

blue 
596.14 Wan et al., 2022 

 

3.6. Effect of temperature and thermodynamics 

 

The temperature effect on the RB3R and RP4BN dye 

removal processes was investigated at 25, 35, and 45 °C with 

0.4 g/L adsorbent dosage at 50 ppm initial dye 

concentrations for 150 min. The equations given below are 

used to calculate thermodynamic parameters (Raghav and 

Kumar, 2018):  

 

ln𝐾𝑑 =
ΔS

𝑅
−

ΔH

𝑅𝑇
   (7) 

𝐾𝑑 =
𝑞𝑒

𝐶𝑒

 (8) 

𝛥𝐺 = 𝛥𝐻 − 𝑇𝛥𝑆 (9) 

 

where Kd; adsorption equilibrium constant, ΔS; entropy (J 

mol−1K−1), ΔH; enthalpy (kJ mol−1), ΔG; Gibb's free energy 

(kJ mol−1), R; gas constant (8.314 J mol−1 K−1), T; 

temperature (K) (Raghav and Kumar, 2018). 

 

The Van't Hoff plot showing the relationship between 

temperature and equilibrium constant is shown in Figure 8. 

In addition, the thermodynamic parameters of both processes 

are given in Table 5 with the parameters of similar studies. 

According to Table 5, the positive enthalpy change values 

indicate the RB3R and RP4BN dye removal processes by the 

CS are endothermic (Rios-Donato et al., 2017). It is known 

that weak van der Waals forces are effective in bonding when 

the ΔH is below 25 kJ mol−1 and strong chemical bonds are 

effective when it is in the range of 40-200 kJ mol−1 (de 

Oliveira et al., 2023). ΔS > 0 shows the processes that occur 

with an increase in disorder at the interface (Doke and Khan, 

2013). According to the ΔS values in Table 5, a more 

disordered state at the interface can be mentioned for the 

RB3R adsorption process (93.38 J mol−1K−1) compared to 

the RP4BN process (72.23 J mol−1K−1). For both processes, 

negative ΔG values were found at the temperatures studied. 

The decrease in these values with increasing temperature 
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explains more effective dye removal at high temperatures 

(Batool et al., 2018). 

 

 
 

Figure 8. Van’t Hoff plots of the RB3R and RP4BN dye 

adsorption processes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5. Thermodynamic parameters of the RB3R and RP4BN dye adsorption processes and similar studies 

 

Adsorbent Dye T (K) 
ΔG0 

(kJ mol−1) 

ΔH0 

(kJ mol−1) 

ΔS0 

(J mol−1K−1) 
Ref. 

chitosan composite of 

metal-organic 

framework 

Methylene 

blue 

298 9.203 

-9.628 -63 

Saeed et al.,  2022 

308 9.834 

318 10.466 

Methyl 

orange 

298 9.400 

-19.588 -97 308 10.373 

318 11.346 

polyethyleneimine-

modified chitosan/Ce-

UIO-66 composite 

Methyl 

orange 

303 -3.805 

-15.954 -40.097 Chen et al., 2023 

313 -3.404 

323 -3.003 

333 -2.602 

343 -2.201 

MIL-53(Fe)/chitosan 

composite 

hydrogel spheres 

Congo red 

298 -37.63 

-5.60 -107.5 Jin et al., 2023 308 -38.75 

318 -39.79 

micro/na

no MIL-

88A (Fe, 

Al, Fe-

Al)/ 

chitosan 

composit

e sponge 

MIL-88A 

(Fe–

Al)/CS 

Congo red 

298 -31.68 

83.65 385.4 

Zhao et al.,2023 

308 -34.06 

318 -39.45 

MIL-88A 

(Fe)/ 

CS 

298 -32.58 

75.10 359.6 308 -34.51 

318 -39.84 

MIL-88A 

(Al)/ 

CS 

298 -32.93 

79.34 374.9 308 -34.98 

318 -40.50 

fibrous 

chitosan/

sodium 

alginate 

composit

e foams 

CSA1–1 
Acid Black-

172 

298 -22.03 

1.53 79.06 

Zhao et al.,2021 

308 -22.82 

318 -23.61 

CSA1–5 
Methylene 

Blue 

298 -16.60 

5.07 72.73 308 -17.33 

318 -18.06 

citric acid-crosslinked 

Zn-MOF/chitosan 

composite 

Methyl 

orange 

298 -5.698 

-33.448 -55.967 Niu et al.,2021 308 -5.301 

318 -4.653 

CS 

RB3R 

298 -3.55 
 

24.27 

 

93.38 

Present study 

308 -4.48 

318 -5.42 

RP4BN 

298 -4.93 
 

16.59 

 

72.23 
308 -5.65 

318 -6.37 
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4. CONCLUSIONS 

 

In the study, the usability of the spheres obtained by cross-

linking chitosan and h-BN (CS) as an adsorbent was 

investigated. Also, the efficiency of h-BN as an adsorbent in 

adsorption processes is presented. The synthesized spheres 

were used to remove RB3R and RP4BN dyes from 

wastewater. According to pH effect studies, it was 

determined that the highest removals were obtained at pH 3 

for the RB3R and RP4BN dye removal processes, as 62.8 

and 74.2%, respectively. The equilibrium time of the 

processes was determined as 150 minutes. The pseudo-first-

order kinetic model best explained the adsorption rates of the 

processes. The Freundlich isotherm model is best fitted to 

define the adsorption mechanisms for both dyes. ΔH values 

for RB3R and RP4BN dye adsorption processes were 

calculated as 24.27 and 16.59 kJ mol−1, respectively and 

clarified that the processes were endothermic. For the RB3R 

and RP4BN dye removal processes, ΔS values were 

determined as 93.38 and 72.23 J mol−1K−1, respectively. 

Positive ΔS values indicate the processes that occur with an 

increase in disorder at the interface. Negative ΔG values 

show spontaneous adsorption for both dyes. As a result, the 

CS showed effectiveness as an adsorbent in RB3R and 

RP4BN dye adsorption processes. 
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Abstract: Water is the most essential requirement for sustaining the life cycle on Earth. 

These resources are constantly dynamic due to anthropogenic and climatological effects. 

Therefore, management and consistent water policies are necessary to be followed for the 

proper management of water resources. Monitoring water resources is possible by accurately 

determining the water surface boundaries and determining the change in water surface areas. 

In this context, the normalized difference water index (NDWI) and modified normalized 

difference water index (MNDWI) were computed using JavaScript on the Google Earth 

Engine (GEE) through Landsat-9 and Sentinel-2 satellite images. Water pixels were extracted 

from other details using the K-means++ cluster algorithm based on the calculated indices. 

The water surfaces were determined using the Otsu thresholding method, which is the most 

preferred method for the NDWI and MNDWI indices calculated from the Sentinel images 

and was used as verification data. The K-means++ clustering algorithm yielded successful 

results in detecting water surfaces. In the two indices used, the NDWI index was found to be 

more successful than the MNDWI index. For Landsat-9 images, OA, Kappa, and F1-scores 

in the NDWI index were calculated as 99.72%, 0.994, and 99.57%, respectively. The overall 

accuracy (OA), Kappa, and F1-scores in the NDWI index for Sentinel-2 images were 

calculated as 99.39%, 0.986, and 99.04%, respectively. This study demonstrated that 

clustering algorithms can be successfully applied to automatically detect water surfaces. 

 

Keywords: Remote sensing, Google Earth Engine, NDWI, MNDWI, K-means++, Terkos 
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1. INTRODUCTION  

 

Detection of water surfaces is very important for 

hydrological processes and the ecosystem. It has become a 

necessity to monitor water resources that are under pressure 

due to climatic and anthropogenic effects (Hu et al., 2022). 

The extensive spread and continuous dynamics of surface 

waters make their monitoring difficult (Gao et al., 2012; 

Yilmaz et al., 2023). Nowadays, remote sensing (RS)-based 

approaches have been very practical in determining water 

surfaces (Khalid et al., 2021). Various spectral information 

recorded by satellites provides valuable information about 

the Earth's surface and water resources (Govender et al., 

2007). Synthetic aperture radar (SAR), advanced very high-

resolution radiometer (AVHRR), moderate resolution 

imaging spectroradiometer (MODIS), and other optical 

image data are widely used for the detection of water 

surfaces. In recent years, the processing challenges 

associated with SAR images and the high cost of high-

resolution optical imagery have made Landsat and Sentinel 

satellites unique resources for the detection and monitoring 

of surface waters, primarily due to their high temporal, 

spatial, and spectral resolutions (Cordeiro et al., 2021; 

Yilmaz et al., 2023). Furthermore, cloud computing systems 

have eliminated the data storage problem and facilitated the 

processing and storage of large volumes of satellite images, 

particularly in recent years. In this regard, Google Earth 

Engine (GEE), an RS platform, is very useful due to its 

simultaneous access to many free satellite platforms and its 
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ability to analyze large volumes of data (Nguyen et al., 2019; 

Pekel et al., 2016).  

 

The physical properties of the environment surrounding 

water surfaces and the chemical properties of water cause 

changes in the electromagnetic spectrum (Elachi and Van 

Zyl, 2021). Therefore, various methods have been developed 

to extract water surfaces from other details. Supervised 

classification (Mahdianpari et al., 2017; Mansaray et al., 

2019), unsupervised classification (Gao et al., 2012; S. Reis 

and Yilmaz, 2008; Zhang et al., 2018), spectral mixture 

analysis (SMA) (Feng et al., 2016), sub-pixel classification 

(Liu et al., 2020), water indices (Gao, 1996; Ji et al., 2009; 

McFeeters, 2013; Qiao et al., 2012; Yang et al., 2017), and 

clustering algorithms (Cordeiro et al., 2021) are the most 

commonly used radar and optical-based systems for 

detecting water surfaces. Each method used to determine 

water surfaces has its own advantages and disadvantages. 

Generally, classification techniques require user experience, 

but spectral indices are independent of user experience and 

can be used to differentiate water surfaces from other details. 

Various indices have been developed that aim to enhance 

water surfaces and suppress other details by utilizing the 

responses of bands to water and other details in the studies 

conducted. 

 

The Normalized Difference Water Index (NDWI) suppresses 

terrestrial plant and soil properties while maximizing the 

reflection of water surface by using green and near-infrared 

(NIR) bands (McFeeters, 1996). In urban areas, the modified 

NDWI (MNDWI) has been proposed using the shortwave 

infrared (SWIR) band rather than the NIR band for 

calculating water surfaces (Xu, 2006). To minimize the 

mixing of water pixels with other pixels in shaded areas and 

shallow waters, the automatic water extraction indices 

(AWEI) has been proposed (Feyisa vd. 2014). The AWEI 

index is designed in two different forms: AWEIsh for shaded 

areas and AWEInsh for non-shaded areas. In the resulting 

indices, each pixel has a gray value. Various thresholding 

methods are used to extract water surfaces from other details 

using these gray values. Some of these methods are manual 

thresholding, while others are automatic thresholding 

methods such as Otsu's and Canny edge detection (Donchyts 

et al., 2016; Gu et al., 2021; Rad et al., 2021).  

 

There are various studies available for the detection of water 

surfaces. Tang et al. (2022) designed an adapted RF 

algorithm on the GEE platform using Landsat-7 (ETM+), 

Landsat-8 (OLI), and Sentinel-1 SAR images to detect water 

surfaces in the study area. The method achieved a water 

surface detection accuracy of 96.6% and a Kappa statistic of 

0.931. Owusu (2022) developed the PyGEE-SWToolbox on 

the GEE platform and used Landsat, Sentinel-1, and 

Sentinel-2 images to detect water surfaces in Elephant Butte 

Lake, Hubbard Creek Reservoir, Clearwater Lake, and 

Neversink Reservoir in the United States. They utilized 

NDWI, MNDWI, AWEI, and dynamic surface water extend 

(DSWE) indices. The time series of water surface areas 

generated by PyGEE-SWToolbox yielded good results, with 

R2 values ranging between 0.63 and 0.99 for Elephant Butte 

Lake, Hubbard Creek Reservoir, and Clearwater Lake, 

except for Neversink Reservoir, which had a maximum R2 

value of 0.52. Yilmaz (2023) examined the surface water 

dynamics of lakes in the Lakes Region of Türkiye on the 

GEE platform from 1985 to 2022. Acigol, Aksehir, Beysehir, 

Burdur, Egirdir, Ilgin, Isikli, Karatas, Salda, and Yarisli 

lakes were analyzed using the NDWI index and the Otsu 

threshold method. Additionally, climate variables were used 

to analyze the changes in lake surfaces using the Mann-

Kendall (MK) and Sen's slope statistical methods. The study 

found a decreasing trend in the surface areas of all lakes 

except Acigol. Cordeiro et al. (2021) proposed a machine 

learning approach for water extraction from a single image 

using optical high-resolution images that can be applied at a 

large scale. They utilized random subsampling and a Naïve 

Bayes classifier for generalization. Unlike other thresholding 

approaches that only use a single dimension, such as a water 

index, the proposed method aimed to analyze the 

applicability of combining different water indices and 

spectral bands within an unsupervised multidimensional 

hierarchical clustering. The study was conducted using 

Sentinel-2 images for 15 different water surfaces in France. 

They tested combinations of NDWI, MNDWI, Multi-band 

Water Index (MBWI), B8, and B12 bands and determined 

that the best two combinations were NDWI and B12. This 

study is highly valuable in terms of utilizing clustering 

algorithms for water surface detection. However, despite the 

various approaches used to identify water surfaces, studies 

related to clustering algorithms have not gained popularity 

(Cordeiro et al., 2021).  

 

Therefore, the goal of this study is to detect water surfaces 

from water extraction indices calculated on optical images 

using a clustering algorithm instead of thresholding methods, 

which is different from other studies. For this purpose, 

NDWI and MNDWI were computed using Landsat-9 and 

Sentinel-2 images on the GEE platform. Water surfaces were 

determined using K-means++ clustering algorithm from the 

calculated NDWI and MNDWI indices. This study is quite 

valuable in understanding the success of clustering 

algorithms in determining water surfaces. 

 

2. MATERIAL AND METHOD  

 

2.1. Study Area 

 

Terkos Lake, also called Duru Lake, is located within the 

boundaries of the Catalca district in the northern part of 

Istanbul. The lake, which has a coastline to the Black Sea, is 

situated between the Karaburun and Ormanlı regions 

(Bayram et al., 2013). Terkos Lake is approximately 40-50 

km away from the city and has a surface area of 

approximately 25 km2 (Kaya et al., 2019). With a water 

potential of 142,000,000 m3/year, Terkos Lake constitutes 

30% of the freshwater reserves around Istanbul (Maktav et 

al., 2002). The location map of Terkos Lake, which is the 

subject of this study, is presented in Figure 1. 
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Figure 1. Study area 

 

2.2. Data Used 

 

In this study, images captured by Landsat-9's Operational 

Terrain Imager (OLI-2) and Sentinel-2's Multispectral 

Instrument (MSI) were used. Landsat-9 was jointly launched 

by the United States Geological Survey (USGS) and the 

National Aeronautics and Space Administration (NASA) on 

September 27, 2021, and operates at an altitude of 705 km. 

The satellite provides data with a spatial resolution of 30 m, 

a temporal resolution of 16 days, and a 14-bit radiometric 

resolution. The OLI-2 sensor captures multi-band images in 

the visible and mid-infrared wavelengths, and the Thermal 

Infrared Sensor (TIRS-2) spectrometer analyses ground 

temperatures. The satellite also improves its ability to detect 

changes in dark surfaces such as water and dense forests. 

(Bouslihim et al., 2022). In this study, Landsat-9 Collection 

2 Tier 1 top-of-atmosphere (TOA) reflectance calibrated 

images were used in the GEE platform. 

 

The Sentinel-2 satellites, which are a component of the 

European Commission's (EC) Copernicus program, consist 

of two groups, Sentinel-2A and Sentinel-2B. These satellites 

were launched on June 23, 2015, and March 7, 2017, 

respectively. They orbit at an altitude of roughly 786 km and 

provide a combined temporal resolution of 5 days. The 

MultiSpectral Instrument (MSI) has 13 spectral bands 

ranging from 10 to 60 m with a 12-bit radiometric resolution. 

In this research, Sentinel-2 level (L2A) images, which are 

calibrated for bottom-of-atmosphere (BOA) reflectance, 

were obtained from the GEE platform. 

 

Spectral band information and resolutions of these images 

are given in Table 1. 

 

Table 1. Features of Satellite Images (L9/S2A/S2B) 

 
Spectral range Wavelength Spatial 

resolution 

Blue (B2) 450-510/496.6/492.1 30/10 

Green (B3) 530-590/560/559 30/10 

Red (B4) 640-670/664.5/665 30/10 

NIR (B5/B8) 850-880/835.1/833 30/10 

SWIR-1 

(B6/B11) 

1,570-1,650/1,613.7/1,610.4 30/20 

SWIR-2 

(B7/B12) 

2,110-2,290/2,202.4/2,185.7 30/20 

2.3. Used Indices 

 

The design of spectral water indices takes advantage of the 

ability of water to absorb energy in near-infrared (NIR) and 

shortwave infrared (SWIR) wavelengths. Spectral indices 

like NDWI and MNDWI enhance the contrast between water 

bodies and surrounding features, making them useful for 

mapping surface water using satellite imagery. These indices 

involve combining different spectral bands using 

mathematical operations, and a threshold value is applied to 

separate water from other features based on their spectral 

properties. MNDWI is especially effective at reducing noise 

from vegetation and soil, as well as in urban areas where 

there may be a lot of interference. In this study, NDWI and 

MNDWI indexes were computed using Equation 1 and 2 

using Landsat and Sentinel images. 

 

𝑁𝐷𝑊𝐼 = (𝐺𝑟𝑒𝑒𝑛 − 𝑁𝐼𝑅)/(𝐺𝑟𝑒𝑒𝑛 + (𝑁𝐼𝑅)  (1) 

 

𝑀𝑁𝐷𝑊𝐼 = (𝐺𝑟𝑒𝑒𝑛 − 𝑆𝑊𝐼𝑅1)/(𝐺𝑟𝑒𝑒𝑛 +
𝑆𝑊𝐼𝑅1)  

(2) 

 

where, the green band for Landsat-9 and Sentinel-2 images 

is represented by B3. The NIR band for Landsat-9 and 

Sentinel-2 is represented by B5 and B8, respectively. The 

SWIR band for Landsat-9 and Sentinel-2 is represented by 

B6 and B11, respectively. 

 

2.4. K-means++ Clustering Algorithm 

 

The k-means clustering algorithm was first suggested by 

MacQuuen (1967) and developed by Lloyd (1982).  The k-

means clustering method presupposes knowledge of the 

number of clusters (k) and necessitates initial values for the 

cluster centers to be seeded to execute. The accuracy of the 

data assignment to clusters is heavily reliant on the initial 

seed values. In summary, k-means clustering is considerably 

influenced by the selection of initial seed values for cluster 

centers (Agarwal et al., 2012; Khan, 2012). The k-means++ 

algorithm evaluates the performance of the preliminary seed 

selection based on the sum of normalized squared 

differences between the data dimension and the cluster 

center for a cluster's members (Khan, 2012). In this study, 

the K-means++ algorithm running on the GEE platform was 

used (Arthur and Vassilvitskii, 2007). After several trials of 

different cluster numbers to extract water details via 

clustering, it was observed that the best result was obtained 

with three classes, and the cluster number was determined as 

three. One of the obtained three classes represents the water 

surface, while the others represent the non-water surface. 

 

2.5. Accuracy Assessment 

 

The accuracy of this study was evaluated using Overall 

Accuracy (OA), Kappa (κ) statistics, and F1-score. In this 

study, the Otsu's thresholding method was used to determine 

water surfaces for NDWI and MNDWI obtained from 

Sentinel-2 images, and this was used as the basis for 

evaluating the accuracy in this study (Figure.2). The Otsu 

thresholding method maximizes the intra-class variance in a 

bimodal histogram for any image and automatically extract 

water and non-water surfaces by determining an optimal 

threshold. This is a widely used technique. (Sekertekin, 
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2021). An error matrix has been created for accuracy 

evaluation by considering all pixels (933,337 pixels) 

 

 
 

Figure 2. Water surfaces obtained using the Otsu threshold 

method: a) Sentinel-2 NDWI, b) Sentinel-2 MNDWI 

 

The workflow of this study is shown in Figure 3. 

 

 
Figure 3. Workflow diagram 

 

3. RESULTS  

 

The accuracy assessment of the Landsat-9 (OLI-2) images 

used in the study is presented in Table 2 for the images 

obtained by NDWI, MNDWI, and the K-means++ clustering 

algorithm, while the images are shown in Figure 4. Overall, 

accuracy metrics were found to be above 90% based on the 

obtained using the K-means++ clustering algorithm for both 

the NDWI and MNDWI. Based on these results, it can be 

easily said that the K-means++ clustering algorithm utilized 

to both NDWI and MNDWI indices performed very 

successfully in extracting water surfaces. The maximum 

NDWI value obtained from the Landsat-9 image was 

calculated as 0.855 for water surfaces, while it was +1.000 

for MNDWI. The K-means++ algorithm showed higher 

success in the NDWI image. The NDWI OA and F1-score 

were calculated as 99.72% and 99.57%, respectively, while 

these values were calculated as 97.37% and 95.87% in 

MNDWI. While the F1-score was 99.72% and 99.57%, 

respectively, these values were calculated as 97.37% and 

95.87% in MNDW. 

 

Table 2. Accuracy assessment of the Landsat-9 (OLI-2) 

images 

 

Indices OA (%) κ F1-score 

(%) 

Area 

(km2) 

NDWI 99.72 0.994 99.57 29.43 

MNDWI 97.37 0.939 95.87 29.45 

 

 
 

Figure 4. Landsat-9 images where NDWI and K-means++ 

algorithm were applied: a,d) Landsat-9 false color image, b) 

Landsat-9 NDWI, c) NDWI K-means++ cluster image, e) 

Landsat-9 MNDWI, f) MNDWI K-means++ cluster 

 

Accuracy assessment of the Sentinel-2 (MSI) images used in 

the study is given in Table 3, and the images obtained with 

NDWI, MNDWI and K-means++ clustering algorithms are 

shown in Figure 5. The OA obtained with Sentinel-2 images 

is also calculated to be above 90%. This result shows that 

water surfaces were successfully detected using NDWI and 

MNDWI values calculated with Sentinel-2 images in a 

similar way. The maximum NDWI value obtained from the 

Sentinel-2 image was calculated as 0.767 for the water 

surface, while it was calculated as 0.802 for MNDWI. K-

means++ algorithm also showed higher performance in the 

indices obtained from Sentinel-2 images. While the OA and 
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F1-score of NDWI were calculated as 99.39% and 99.04%, 

respectively, these values were calculated as 95.26% and 

91.99% for MNDW. 

 

Table 3. Accuracy assessment of the Sentinel-2 (MSI) 

images 

 

Indices OA (%) κ F1-score 

(%) 

Area 

(km2) 

NDWI 99.39 0.986 99.04 29.08 

MNDWI 95.26 0.887 91.99 22.21 

 

 
 

Figure 5. NDWI and K-means++ applied Sentinel-2 (MSI) 

images: a) Sentinel-2 false color image, b) Sentinel-2 NDWI, 

c) NDWI K-means++ cluster image, e) Sentinel-2 MNDWI, 

f) MNDWI K-means++ cluster 

 

 

4. DISCUSSION AND CONCLUSIONS 

 

Detecting, monitoring, and managing surface waters and 

water resources is a crucial task for water management. 

Remote sensing techniques are frequently preferred due to 

their effectiveness and cost-efficiency when compared to 

other methods. Recent advancements in satellite imagery, 

particularly in terms of temporal, spatial, and spectral 

resolutions, have further increased research in utilizing water 

surfaces for such tasks. As a result, various methods have 

been devised to identify water surfaces from satellite 

imagery. 

 

In this study, water surfaces were extracted from other 

details using the K-means++ clustering algorithm based on 

NDWI and MNDWI indices using optical images on the 

GEE platform. Terkos Lake located within the boundaries of 

Istanbul province was selected for the study. In the accuracy 

assessment of the study, Sentinel images with higher 

resolution than Landsat images were used. Water surfaces 

were determined using the most preferred Otsu thresholding 

method for NDWI and MNDWI indices calculated from 

Sentinel images and used as verification data. The accuracy 

of the water surfaces obtained with the K-means++ method 

was evaluated by using all pixels for validation. When the 

results were evaluated, water surface accuracies obtained 

through clustering algorithms using both indices were quite 

successful with OA and F1-score values above 90%. In this 

study, it was observed that water surfaces obtained using 

NDWI were more successful than water surface areas 

obtained using MNDWI. In many previous studies, many 

water extraction indices such as NDWI, MNDWI, AWEIsh, 

AWEInsh, NWI were used (Deng et al., 2020; Guo et al., 

2017; Khalid et al., 2021; Rad et al., 2021; Sarp and Ozcelik, 

2017; Sunder et al., 2017; Yue et al., 2020; Zhou et al., 

2017). Similarly, automatic methods such as Otsu’s 

threshold have been used to distinguish water and land in 

these indices (Babaei et al., 2021; Cordeiro et al., 2021; Guo 

et al., 2017; Rad et al., 2021; L. G. de M. Reis et al., 2021; 

Sekertekin, 2021). However, studies using clustering 

algorithms are very limited. In this study, water and land 

separation was easily accomplished using the K-means++ 

clustering method from NDWI and MNDWI water 

extraction indices used.  Cordeiro et al. (2021) found that the 

use of clustering algorithms was quite successful in 

extracting water surfaces. They determined the κ value as 

0.874 in their study. When compared with the κ values found 

in this study, it can be concluded that this study is successful. 

 

This study is promising for automatically detecting water 

pixels on optical images without the need for auxiliary 

techniques or pre-trained data using clustering algorithms. 

However, more research is still needed to address 

misclassification issues in water surfaces such as clouds, 

snow, shadows, shallow waters, turbid waters, and green 

waters. 
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Abstract: The main purpose of this study was to retrospectively reveal the rehabilitation 

numbers of wild animals admitted to rescue and rehabilitation centres in Türkiye between 

2017 and 2021. It was also aimed to investigate the wild animals hospitalized in the centres 

under mammal, bird and reptile classes at the level of order and species, and to identify the 

deficiencies in wildlife rehabilitation and to make recommendations. The main material of 

the research was the data for the years 2017-2021 obtained from the Wildlife Information 

System-YABIS, a database of the Ministry of Agriculture and Forestry. As the method, 

numerical data on the species downloaded from YABIS were analysed. Accordingly, it was 

understood that a total of 35764 cases were admitted to all rescue centres across Türkiye. 

About 61% of these cases were  treated and released into nature, about 34% died and about 

5% were placed in zoos. While the Cetartiodactyla was the most affected order in mammals, 

the most admitted species in the centres was the Roe deer (Capreolus capreolus). In birds, 

the Columbiformes was the most affected order, the most admitted species in the centres was 

the Rock dove (Columba livia). In reptiles, the Testudinata was the most affected order, the 

most admitted species in the centres was the Mediterranean spur-thighed tortoise (Testudo 

graeca). The increase in the number of cases brought to rehabilitation centres between 2017-

2021, excluding 2019, clearly showed the role of rescue and rehabilitation centres in 

protecting wild animals and providing sustainable wildlife. 
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1. INTRODUCTION  

 

Wild animals, one of the main components of biodiversity, 

are at risk in many parts of the world due to threats such as 

the misuse of poison and illegal hunting, collisions with 

sheet glass and plastic in the form of windows and electricity 

power lines, a high density of human population, the impact 

of the exposure to roaming, stray and feral cats and dogs, 

climate change and wildfires, habitat fragmentation and loss 

(Van't Woudt, 1990; Elliott & Avery, 1991; Bevanger, 1998; 

Fahrig, 2003; Donazar et al., 2005; Klem, 2008; Sanderfoot 

et al., 2022). As in other countries, the biodiversity of 

Türkiye has been deteriorating due to rapid human 

population growth (about 2.5% per annum) and associated 

intensive or unwise use of natural resources and habitats 

(Kaya & Raynal, 2001). In this context, wildlife 

rehabilitation, which is defined as “the treatment and 

temporary care of injured, diseased and displaced indigenous 

animals, and then the subsequent release of healthy animals 

to suitable habitats in the wild” (Miller, 2012), has become 

increasingly important. 

 

Wild animal rehabilitation serves principal three main 

purposes. Firstly, it offers the opportunity to explore wildlife 

and surrounding more. Secondly, it might promote 

conservation efforts relating to endangered species. Finally, 

it provides the welfare requirements of an animal suffering 

from disease or injury or being orphaned (Vogelnest, 2008). 

So, the rescue and rehabilitation centres are key factors in the 

rehabilitation of wildlife for biodiversity conservation and 

whole ecosystem work. 

 

Türkiye has been among the countries with rich biodiversity 

in the sense of the intersection of three phytogeographical 

https://orcid.org/0000-0002-3630-5645
https://orcid.org/0000-0003-0089-9186


Bilge International Journal of Science and Technology Research 2023, 7(2), 112-116 

113 

regions; Euro-Siberian, the Mediterranean, and Irano-

Turanian (Davis et al., 1965). As it has important bird 

migration routes between the Middle East, Africa and 

Eastern Europe, and the richest flora among European and 

Near Eastern countries (Şekercioğlu et al., 2011; Eker et al., 

2015), it has been like a small continent in terms of 

biodiversity (Kahraman et al., 2012). Considering the place 

of wild animals in this richness, animal rescue and 

rehabilitation centres were established for the care, treatment 

and rehabilitation of wild animals confiscated or delivered in 

accordance with international agreements and legal 

regulations to which Türkiye has been a party, or animals in 

need of care or treatment due to natural disasters, 

environmental problems and injuries. These facilities have 

been operated within the framework of protocols with the 

Ministry of Agriculture and Forestry, other public 

institutions and organizations, zoos or non-governmental 

organizations (Official Gazette of the Republic of Türkiye, 

2004).  

 

The main purpose of this study was to retrospectively present 

the rehabilitation numbers of wild animals admitted to rescue 

and rehabilitation centres in Türkiye between 2017 and 2021, 

to investigate the wild animals hospitalized in the centres 

under mammal, bird and reptile classes at the level of order 

and species, and to identify the deficiencies in wildlife 

rehabilitation and to make recommendations. 

 

2. MATERIAL AND METHOD  

 

The main material of the research was the data for the years 

2017-2021 obtained from the Wildlife Information System-

YABIS, a database of the Ministry of Agriculture and 

Forestry. YABIS includes data on the number of wild 

animals which are treated and released back to nature or 

placed into zoos, and the number of animals that died. 

Furthermore, it contains information on the species, dates 

and provinces where wild animals are rehabilitated. Official 

permission has been obtained from the Ministry of 

Agriculture and Forestry to use this data. In addition to 

YABIS data, previous literature related to the subject was 

also used. 

 

In the first step, rehabilitation data from 2017 to 2021 were 

downloaded from the YABIS and species were classified as 

mammals, birds, and reptiles. Then, mammals, birds and 

reptiles were examined at the order level. The classification 

of the International Union for Conservation of Nature- 

IUCN2 (IUCN, 2022) was taken as the basis while 

determining the orders to which the species belonged 

according to the taxonomic classification. Finally, the 

number of rehabilitated species under each order was 

determined for each year between 2017 and 2021. 
 

3. RESULTS  

 

The number of wild animal cases registered in YABİS 

(2017-2021) is given in Table 1. As seen in the Table, a total 

of 35764 cases of wild animals were admitted to all rescue 

centres across Türkiye. 

 
2 The website of the IUCN Red List of Threatened Species was used for 

the taxonomic classification. 

 
Table 1. The number of wild animal cases registered in YABİS 

(2017-2021) 

 
 

 

Year 

Animals 

treated and 

released 

back to 

nature 

Dead wild 

animals 

Animals 

placed into 

zoos 

 

 

Total 

2017 976 553 172 1701 

2018 3413 1643 315 5371 

2019 2681 1780 194 4655 

2020 6348 3149 399 9896 

2021 8491 5024 626 14141 

Total 21909  12149  1706  35764  

 

A total number of 35764 registered to the database over five 

years were divided into 3 categories. The approximate 

percentage distribution of cases between 2017 and 2021 is 

given in Figure 1. As presented in the Figure, of 35764 total 

wild animal cases; 21909 wild animals were treated and 

released into nature, 12149 wild animals died and 1706 wild 

animals were placed into zoos. 

 

 
 

Figure 1. The approximate percentage distribution of wild animal 

cases between 2017 and 2021 

 

When the total number of 35764 wild animals admitted to 

the animal rescue and rehabilitation centres from 2017 to 

2021 was evaluated in terms of class, it was determined that 

2535 of them were mammals, 32979 were birds and 250 

were reptiles (Figure 2). 

 

 
 

Figure 2. The percentage of taxonomic distribution of cases 

between 2017 and 2021 

 

Among the taxa of mammals, the number of cases admitted 

to the centres is shown in Figure 3 in terms of order. 
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Figure 3. The number of mammal cases in terms of order between 

2017 and 2021 

 

Within mammals, Cetartiodactyla was the most affected 

order (43.2%), followed by Carnivora (33.4%), Eulipotyphla 

(7.8%), Lagomorpha (7.7%), Rodentia (6.8%) and 

Chiroptera (1.1%). The most frequently admitted two species 

to the centres were Roe deer (Capreolus capreolus) (47.1% 

of total mammals) and Red fox (Vulpes vulpes) (20.4% of 

total mammals). 

 

Among the taxa of birds, the number of cases admitted to the 

centres is shown in Figure 4 in terms of order. 

 

 
 

Figure 4. The number of bird cases in terms of order between 2017 

and 2021 

 

Within birds, Columbiformes was the most affected order 

(21.2%), followed by Passeriformes (17.6%), 

Accipitriformes (15.5%), Charadriiformes (13.5%), 

Caprimulgiformes (7.1%), Strigiformes (6.6%), 

Falconiformes (4.7%), Ciconiiformes (4.2%) and other least 

represented orders. The most frequently admitted five 

species to the centres were Rock dove (Columba livia) 

(14.29% of total birds), Yellow-legged gull (Larus 

michahellis) (7.94% of total birds), Common swift (Apus 

apus) (6.76% of total birds), Buzzard (Buteo buteo) (6.58% 

of total birds) and Long-legged buzzard (Buteo rufinus) 

(4.54% of total birds). 

 

Among the taxa of reptiles, the number of cases admitted to 

the centres is shown in Figure 5 in terms of order. 

 

 
 

Figure 5. The number of reptile cases in terms of order between 

2017 and 2021 

 

Within reptiles, Testudinata was the most affected order 

(74%), followed by Squamata (26%). The most frequently 

admitted species to the centres was Mediterranean spur-

thighed tortoise (Testudo graeca) (53.2% of total reptiles). 

 

4. DISCUSSION and CONCLUSIONS 

 

As of 2022, there were 11 animal rescue and rehabilitation 

centres in Türkiye, which were supported by the government 

and 7 of them were being operated by veterinary faculties 

within the scope of protocols with the Ministry of 

Agriculture and Forestry (Ministry of Agriculture and 

Forestry, 2022). In addition, other public institutions and 

organizations, zoos or non-governmental organizations also 

carry out rehabilitation activities within the scope of the 

protocol with the Ministry. 

 

In this research, the increase in the number of cases admitted 

to rehabilitation centres between 2017 and 2021 by year, 

except for 2019, was clearly seen (Table 1). It is assumed 

that the reason for the decrease in the number of cases 

admitted to rehabilitation centres in 2019 was due to 

incomplete data entry into the database. The increase in the 

number of cases can be considered as one of the indicators 

of the increasing pressure on wildlife in Türkiye; however, it 

can be evaluated as a result of an increase in veterinary 

services regarding wild animals in recent years. Further 

studies are needed to definitively reveal the reason for this 

increase. 

 

The total percentage entered to the database over five years 

was 61% in the category of “animals treated and released 

back to nature” (Figure 1). In a similar study conducted by 

Kandır and Aslan (2017), it was reported that the percentage 

of wild animals treated and released to nature in Türkiye 

between 2012 and 2015 was 50.18%. When the two 

researches are compared, the increase of approximately 10% 

in the releasing between 2017 and 2021 is clear evidence of 

Türkiye's success in treating wild animals and releasing them 

back to nature. However, the problems related to measuring 

the success of rehabilitated wild animals in Türkiye after 

they are released into the wild are one of the issues to be 

considered. In order to make sure that rehabilitated animals 

can survive in the wild and to evaluate the success of their 

post-release survival, they need to be tracked using methods 

such as radio-tracking, satellite tracking and bird-ringing 

(Grogan & Kelly, 2013). For this purpose, it is crucial to 
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systematically use satellite tracking tools in order to measure 

the survival success of the rehabilitated wild animals. There 

is no enough research indicating the success of post-release 

survival in Türkiye and it is important to encourage that kind 

of studies from the related institutions. Wildlife management 

should be connected with the four Rs: Rescue, rehabilitation, 

release, and research (Pyke & Szabo, 2018). Therefore, it 

should not be the sole purpose of treating and releasing wild 

animals into nature but monitoring and research should also 

be given importance to understand the biology of animals 

after release. 

 

According to the cases admitted to the centres between 2017 

and 2021, approximately 5% of wilds animals had to be sent 

to zoos (Figure 1). Therefore, zoos can play an important role 

in terms of the keeping of the wild animals which they are 

unable to return to nature because of the health condition. 

Consequently, increasing the number of protocols on 

rehabilitation between veterinary faculties, NGOs, zoos and 

the Ministry will lead to a significant increase in the number 

of rehabilitated wild animals. 

 

Considering the cases brought to the centres between 2017 

and 2021, birds were the most affected taxonomic group, 

followed by mammals and fewer reptiles (Figure 2). A 

similar pattern was found in previous studies (Kandır & 

Aslan, 2017; Romero et al., 2019). The reason why birds 

were the most affected is because citizens may have 

encountered injured birds more frequently in urban areas. 

 

Roe deer (Capreolus capreolus) and Rock dove (Columba 

livia) which were the most frequently admitted species to the 

centres within mammals and birds between 2017 and 2021 

(Figure 3 and Figure 4) are listed according to IUCN data as 

Least Concern (LC) (Lovari, 2016; BirdLife International, 

2019). Conversely, Mediterranean spur-thighed tortoise 

(Testudo graeca) which was the most frequently admitted 

species to the centres within reptiles between 2017 and 2021 

(Figure 5) is listed according to IUCN data as Vulnerable 

(VU) (Tortoise & Freshwater Turtle Specialist Group, 1996).  

 

Considering the limited financial resources and the shortage 

of trained manpower, the issue of rehabilitating non-

endangered wild animals can be discussed as a separate 

ethical topic. However, it should be taken into account that 

according to Turkish regulation, every wild animal brought 

to rehabilitation centres must be treated, regardless of IUCN 

conservation status. 

 

Besides, the domestication problem may occur as a result of 

the interaction of wild animals with humans during the 

rehabilitation process. Assessment of a rehabilitated wild 

animal’s suitability for releasing should be carried out as 

soon as the treatment procedure is completed (Hall & Zoo, 

2005). Therefore once animals have completed their 

treatment, they should be quickly released back into the 

environment from which they were rescued. When 

rehabilitated animals are released into the natural 

environment, the guide prepared by Species Survival 

Commission- SSC should be consulted (IUCN/SSC, 2013). 

 

Orphaned wild animals found in nature and brought to the 

centres by the citizens for treatment are also an important 

problem in Türkiye (Coşkun, 2020; Kandır & Tuğrul, 2020). 

Off-springs are unnecessarily taken from nature by sensitive 

citizens who think that animals need help. Hence, education 

and public awareness studies on people about what to do 

when they see a wild animal in nature should be enhanced by 

government and related NGOs. 

 

The aim of this research was to form an insight on the 

rehabilitation of wild animals in Türkiye. In addition to this 

research, it is deemed necessary to carry out further studies 

on threat factors that affect wild animals over whole country. 

Consequently, wild animal rescue and rehabilitation centres 

can be seen as an indicator in point of detecting of 

unfavourable effects on nature stemmed from anthropogenic 

impacts and ecological changes. The rescue and 

rehabilitation centres play a key role in the protection of wild 

animals, which are an element of biological diversity, thus 

helping to ensure a sustainable wildlife. As a consequence, it 

is considered essential to increase the number of animal 

rescue and rehabilitation centres in Türkiye. 
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Abstract: Wood materials have been the solution to many needs throughout history due to 

their unique positive properties. By improving the properties of wood materials, their areas 

of use can be expanded and ensured that they are preferred. The densification process is one 

of the studies carried out to improve wood material properties. With densification, the 

physical and mechanical properties of the wood material can be improved. There are many 

different methods used for densifying wood materials. While the densification process brings 

many positive properties to the wood material, an undesirable situation such as spring-back 

after the process is the negative side of the densification process. In this study, black poplar 

(Populus nigra L.), larch (Pinus nigra Arnold) and cedar of Lebanon (Cedrus libani A.Rich.) 

trees were shaped into cylinders on a lathe. After that, densification processes were carried 

out on the lathe machine using the spinning roller designed and manufactured for this 

purpose. Densification processes were carried out at 0.081, 0.121, and 0.202 mm/rev feed, at 

200 and 400 rev/min, and 0.5 and 1 mm densification depths.  The spring-back rates after 

densification in three different types of cylindrical wood materials were investigated. 

Theoretical and experimental spring-back amounts of test specimens whose surfaces were 

densified under different densification conditions were interpreted. When evaluated in 

general, the highest densification rate was obtained in black poplar wood species, 0.081 

mm/rotate feed, 200 rpm spindle speed and 1 mm depth of densification. The lowest spring-

back ratio was obtained in larch wood species, 0.121 mm/rotate feed, 400 rpm spindle speed 

and 1 mm depth of densification. The highest densification percentage was obtained in black 

poplar wood species, and the lowest in larch wood species. The lowest percentage of spring-

back was obtained in the larch wood species and the highest in the black poplar wood species. 
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1. INTRODUCTION 

 

Wood material has been used in many areas throughout 

history to meet human needs. Today, with the rapid 

increase in population, wood material, which is one of 

the natural resources, has started to be insufficient. This 

situation reveals the need to use the resources available 

more efficiently.  

 

Numerous studies aim to use wood material efficiently, 

minimise its negative aspects, and further develop its 

positive properties. Densification, which is one of the 

processes for these purposes, is generally applied to low-

density wood species. Densification using temperature 

and pressure in an open system known as Thermo-

Mechanical (TM) and densification using temperature, 

pressure and steam in a closed system called Thermo-

Hygro-Mechanical (THM). In addition, there is 

densification made by temperature and pressure after 

pre-softening with steam, called Viscoelastic-Thermal-

Compression (VTC) (Senol and Budakci, 2019; Kaya 

and Sofuoglu, 2023). And there are also methods, such 

as densification using temperature, pressure and 

vibration, called Thermo-Vibro-Mechanical (TVM) By 

densification, dimensional stability, hygroscopicity, 

durability and mechanical properties improve 

https://orcid.org/0000-0002-5489-3997
https://orcid.org/0000-0002-1847-6985
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(Welzbacher et al., 2008). On the other hand, it is stated 

that the densified wood material has a more 

homogeneous structure depending on the densification 

ratio (applied pressure) (Blomberg, et al., 2005).  

 

Since the densification of wood material increases its 

mechanical properties and hardness, many attempts 

have been made to develop a suitable process in this 

regard. In the process of densification with compression 

of the wood material, the cell wall of the material 

collapses and the void volume is reduced (Kutnar et al., 

2009; Pelit, 2014; Pelit and Sonmez, 2015, Sofuoglu, 

2022; Sofuoglu et al., 2023; Tosun and Sofuoglu, 2021; 

Tosun and Sofuoglu, 2023a; Tosun and Sofuoglu, 

2023b). Using wood material by increasing density can 

be an option compared to other materials (Blomberg and 

Persson, 2004; Pelit et al., 2014).  

 

The density of wood material is mechanical (Rautkari, 

2012) and machining (Lin et al., 2006; Malkocoglu, 

2007; Malkocoglu and Ozdemir, 2006; Pinkowski et al., 

2018; Sofuoglu et al., 2023; Zhong et al., 2013) 

significantly affect its properties. When examined in 

general, hardness, mechanical and physical properties 

increase, surface roughness and wettability decrease and 

occurrence of spring back as a negative situation may be 

seen, contingent on the increase in density in 

compressed densified wood species. In addition, another 

disadvantage caused by the densification process in the 

wood material is that deformations such as cracking, 

fracture, and breaking can occur in the cell wall of the 

densified wood material under normal atmospheric 

conditions (Rautkari et al., 2010). 

 

The biggest problem encountered in densified wood 

materials is that they tend to return to their initial 

dimensions due to the spring-back feature that occurs 

immediately after densification. This situation occurs 

more when the wood material is used in places where it 

may be exposed to moisture or contact with water (Pelit, 

2014). There are many studies to eliminate or minimize 

the spring-back, which is one of the negative aspects of 

the surface densification process. In some of these 

studies, the effect of additional methods applied before 

and after densification on spring-back was investigated. 

One of these methods is heat treatment (Skyba et al., 

2009; Tenorio et al. 2021; Li et al., 2013; Fu et al., 2016; 

Laine et al., 2016; Esteves et al., 2017). It is known that 

the spring-back is also eliminated by the effect of 

temperature and steam (Kunar and Sernek, 2007; Pelit, 

2014; Rautkari et al., 2010; Li et al., 2017). Heat 

treatment applied after the densification is more 

effective in reducing spring-back recovery than before 

(Esteves et al., 2017). Heat treatment reduces spring-

back and improves wood stability and durability 

(Esteves and Pereira, 2009). However, most had less 

success in reducing spring-back in the densified wood. 

Previous work dealing with the combined-hydro-

thermo-mechanical treatment showed great reduction in 

the densified poplar wood spring-back (Hajihassani 

et.al., 2018). 

 

In other studies, wood veneers under the effect of heat, 

steam and pressure after recovery (Cloutier et al., 2008; 

Fang et al., 2012), effect of ionic liquid or organic 

superbase pre-treatment on the elastic spring-back and 

Brinell hardness of surface-densified wood (Neyses et 

al., 2020), Examined that reducing the spring-back of 

surface densified solid Scots pine wood by hydrothermal 

post-treatment (Laine et al., 2013). When wood is re-

moisture, the spring-back is one of the main problems of 

compressed wood. These authors proposed three 

mechanisms to avoid spring-back. Prevent the wood 

from being re-softened by changing the hygroscopicity 

of the cell, form covalent crosslinks between the wood 

components in the deformed state or release the elastic 

stresses and strains created during compression (Esteves 

et al., 2017). The spring-back effect, which is one of the 

main problems associated with the densification 

process, can be eliminated by steaming or heating, 

which can induce permanent fixation of the compressive 

deformation (Kutnar and Sernek, 2007). As the 

densification temperature and heat treatment 

temperature increase, the spring-back decreases. The 

densification time has little or no effect on the spring-

back (Li et al., 2013). Another study examined densified 

wood impregnated with phenol resin for reduced spring-

back (Schwarzkopf, 2021). 

  

Some studies on the subject have shown that due to their 

dimensional stability and high density, densified wood 

veneers treated by the oil-heat treatment process show 

good potential for appearance products (Fang et al., 

2011). The spring-back of densified samples was further 

significantly decreased following surface 

polymerization with glycerol and maleic anhydride 

(68% lower than the non-polymerized ones) (Yahyaee 

et al., 2022). Impregnation with phenol resin can 

significantly reduce the spring-back of compressed 

deformation. According to the results of the study with 

the Continuous Surface Densification of Wood method; 

spring-back of the densified cells occurred after the 

soaking-drying cycles but was considerably lower than 

in the other densification studies performed under static 

conditions. It was suggested that the lowered spring-

back was a consequence of the specific process 

conditions, i.e., a combination of pre-wetting by 

spraying water onto the surface and a long pre-heating 

period before the compressive force was applied.  

 

After densification, it is possible to talk about two types 

of spring-back. The first of these is sudden spring-back, 

which is triggered by the release of internal stresses that 

occur in the material when the press table is opened. The 

other is the air-dry spring-back that occurs when the 

material reaches a constant weight at 20⁰C and 65% 

relative humidity. 

 

The literature shows that; The spring-back effect in 

densified wood materials and coatings was investigated 

and evaluated in press-compressed materials. Studies 

have been carried out to reduce this effect. However, no 

case determination was found regarding the spring-back 

effect in the densification processes applied to 

cylindrical materials. 
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This study, it is aimed to expand the usage area of wood 

material in the woodworking and furniture industry. 

Densification processes contribute to this situation. 

However, with the method used in the study, the spring-

back effect is not known in cylindrical densified 

materials. 

 

With this study, the densification process was performed 

using a new method. It is planned to determine the 

spring-back condition, which can be seen as a measure 

of the success of the densification of cylindrical 

materials. With the determination of this situation, the 

ground will be prepared for the studies that can be done 

to prevent the spring-back condition. 

 

2. MATERIAL AND METHOD 

 

In the present experiments, black poplar (Populus nigra 

L.), larch (Pinus nigra Arnold) and cedar of Lebanon 

(Cedrus libani A.Rich.) wood species were used. Wood 

species commonly used and grown in Turkey. 

Conditioning of samples was carried out at temperatures 

of 20 ± 2 °C and 65 ± 5 °C, with relative humidity to 

moisture content (MC) of about 12%.  The density of 

wood species at 12% humidity was specified as poplar 

340 kg/m3, larch 650 kg/m3, cedar of Lebanon 500 kg/m3 

(ISO 13061 2014; ISO 13061-2 2014). 

 

The test specimens were first cut in 2x2x30 cm 

dimensions. After this process, the test specimens were 

cylindrical on the lathe machine until their average 

diameter was 1.9 cm. By using a grooving insert, 5 

sections of equal length were formed on the test 

specimens with an average diameter of 1.9 cm. 3 of these 

sections are used for the implementation of the 

experimental parameters and 2 are the control sections 

(Figure 1).  

 

The prepared test specimens were kept in an air-

conditioned cabinet at 20 ± 2°C and 65 ± 5% relative 

humidity until their weight was stable. The aim here is 

to ensure that the moisture content reaches 12 ± 2% 

before densification (Figure 2). The densification 

parameters and levels used in the experiments were 

determined as in Table 1 and experiments were 

conducted.  

 

The experimental application of the study (Schematic 

representation for surface densification process) is given 

in Figure 3. Figure 4 shows the measurement of 

specimens with a caliper before and after densification. 

Table 1. Assignment of levels to factors (parameters 

used in the densification of black poplar, larch, and 

cedar of Lebanon 

Parameters Level 1 Level 2 Level 3 

Wood species Black 

poplar 

Larch Cedar of 

Lebanon 

Feed 

(mm/rotate) 
0.081 0.121 0.202 

Spindle speed 

(rpm) 
200 400  

Depth of dens. 

(mm) 
0.5 1  

 

 
 

Figure 1. Test specimens before densification 

 

 

 
 

Figure 2. The position of the experimental specimens 

in the air-conditioned cabinet 
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Figure 3. Schematic representation for surface densification process 

 

 
 

Figure 4. Measurement of test specimens' diameters 

with the caliper. 

 

The spinning roller, designed and manufactured for the 

densification process, is formed by bringing together 

seven pieces. The material of the main roller element, 

which performs the press function from these parts, is 

steel in DIN EN AISI 1.0402 C22 – 1020 standard. After 

this part is brought to its final shape by a turning 

machine, it was hardened by heat treatment. This part is 

supported by a tapered roller bearing perpendicular to 

the turning axis of the wood material to be densified and 

capable of meeting the forces that will occur in the 

direction of the densification axis. The standard number 

of this bearing is 302/30202-A. The other parts in the 

assembly set and the prismatic part connected to the tool 

post of the lathe was produced by using non-hardened 

steel materials in DIN EN AISI 1.0402 C22-1020 

standard. The M6 bolt that connects the parts is supplied 

as standard. This assembled set was used for 

densification operations by connecting to the tool post 

on the lathe (Figure 5). 

 

 
 

Figure 5. Densification of cylindrical parts with a 

spinning roller. 

 

Densification processes were carried out on the TOS 

GALANTA SUIL 40A lathe seen in Figure 6. This lathe 

is in Kütahya Dumlupinar University, Simav 

Technology Faculty, Mechanical Engineering 

Department Laboratories. 

 

 
 

Figure 6. TOS GALANTA SUIL 40A lathe. 

 

Determining Compression Ratio 

 
The density of wood materials is important because it 

directly affects their mechanical properties. The material 

densities obtained after the densification process are 

directly proportional to the compression ratio. The main 

item examined in this study is the detection of 
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instantaneous spring-back due to densification 

processes. 

 

First of all, the necessary environmental conditions were 

created for all test samples to be at 12% humidity before 

and during the densification process. For this, the test 

specimens, which were kept in the climatized cabinet 

until they reached a constant weight at 20 ⁰C and 65% 

relative humidity, were subjected to the densification 

process as soon as they were received from the 

climatized cabinet. Just before starting the densification 

process, the initial diameters (tk) of cylindrical wood 

materials were measured from 4 different points using a 

digital caliper with ±0.01 mm precision, and the 

arithmetic average of the measured diameters was taken. 

After the densification process, the diameters of the 

densified sections (tilk) were measured from 4 different 

points using the same digital caliper and the arithmetic 

average of these diameters was taken. While densifying 

the cylindrical wood material, two different diameter 

reductions, 0.5 mm, and 1 mm were aimed as test 

parameters. To observe the achievability of these aims, 

the theoretical % compression ratios were calculated for 

0.5 mm in equation 1 (𝑇𝑒𝑜. 𝑆𝑂0.5 (%)), and for 1 mm 

diameter reduction in equation 2 ((𝑇𝑒𝑜. 𝑆𝑂1 (%)). In 

Equation 3, experimental % compression ratios were 

calculated depending on the diameter changes before 

and after densification. The difference between the 

theoretical and experimental % compression ratios is the 

% spring-back amount calculated using equation 4.  

 

𝑇𝑒𝑜. 𝑆𝑂0.5 (%) =
(𝑡𝑘 − (𝑡𝑘 − 0.5))

(𝑡𝑘 − 0.5)
𝑥100 (1) 

𝑇𝑒𝑜. 𝑆𝑂1 (%) =
(𝑡𝑘 − (𝑡𝑘 − 1))

(𝑡𝑘 − 1)
𝑥100 (2) 

𝐸𝑥𝑝. 𝑆𝑂 (%) =
(𝑡𝑘 − 𝑡𝑖𝑙𝑘)

𝑡𝑖𝑙𝑘
𝑥100 (3) 

 
Spring − back0.5 (%) = 𝐸𝑥𝑝. 𝑆𝑂 (%) − 𝑇𝑒𝑜. 𝑆𝑂0.5 (%) 

 
Spring − back1 (%) = 𝐸𝑥𝑝. 𝑆𝑂 (%) − 𝑇𝑒𝑜. 𝑆𝑂1 (%) 

(4) 

𝑇𝑒𝑜. 𝑆𝑂0.5 (%); theoretical % compression ratios for 0.5 

mm, tk; initial diameter of test specimen, 0.5 mm and 1 

mm; test parameters, 𝑇𝑒𝑜. 𝑆𝑂1 (%); theoretical % 

compression ratios for 1 mm, 𝐸𝑥𝑝. 𝑆𝑂 (%); experimental 

% compression ratios in every test condition, 𝑡𝑖𝑙𝑘; 
diameters obtained as a result of experiments, Spring −

back0.5 (%) and Spring − back1 (%); Spring-back 

percentages for 0.5 mm and 0.1 mm. 

 

3. RESULTS AND DISCUSSION 

 

Theoretical (targeted) densification under densification 

conditions, densification, and spring-back percentages 

obtained at the end of the test results are given in Table 

2. 

 

Table 2. Theoretical densification, experimental densification and spring-back percentages obtained according to 

densification conditions. 

 

Material 
Process 

N. 

Feed  

(mm/rotate) 

Feed 

(mm/min) 

Spindle  

speed 

 (rpm) 

Dept. of  

dens. 

 (mm) 

Theoretical 

compression 

ratio (%) 

Experimental 

compression 

ratio (%) 

Spring-back 

(%)  

 

B
la

ck
 p

o
p
la

r 

1 0.081 16.2 200 0.5 2.85 1.75 -1.10 

2 0.081 16.2 200 1 5.63 2.79 -2.84 

3 0.081 32.4 400 0.5 2.78 0.84 -1.94 

4 0.081 32.4 400 1 5.57 2.67 -2.90 

5 0.121 24.2 200 0.5 2.85 1.63 -1.22 

6 0.121 24.2 200 1 5.63 2.29 -3.34 

7 0.121 48.4 400 0.5 2.78 0.67 -2.11 

8 0.121 48.4 400 1 5.57 2.30 -3.27 

9 0.202 40.4 200 0.5 2.85 1.92 -0.93 

10 0.202 40.4 200 1 5.63 2.27 -3.36 

11 0.202 80.8 400 0.5 2.78 0.84 -1.94 

12 0.202 80.8 400 1 5.57 2.62 -2.96 

L
ar

ch
 

1 0.081 16.2 200 0.5 2.88 0.81 -2.07 

2 0.081 16.2 200 1 5.75 1.66 -4.09 

3 0.081 32.4 400 0.5 2.86 0.24 -2.62 

4 0.081 32.4 400 1 5.99 1.01 -4.98 

5 0.121 24.2 200 0.5 2.88 0.88 -1.99 

6 0.121 24.2 200 1 5.75 1.57 -4.19 

7 0.121 48.4 400 0.5 2.86 0.20 -2.66 
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8 0.121 48.4 400 1 5.99 0.89 -5.10 

9 0.202 40.4 200 0.5 2.88 1.02 -1.86 

10 0.202 40.4 200 1 5.75 1.68 -4.07 

11 0.202 80.8 400 0.5 2.86 0.86 -2.00 

12 0.202 80.8 400 1 5.98 1.00 -4.98 

C
ed

ar
 o

f 
L

eb
an

o
n

 

1 0.081 16.2 200 0.5 2.71 1.43 -1.28 

2 0.081 16.2 200 1 6.38 1.65 -4.74 

3 0.081 32.4 400 0.5 2.73 1.18 -1.55 

4 0.081 32.4 400 1 5.61 2.65 -2.96 

5 0.121 24.2 200 0.5 2.71 1.16 -1.55 

6 0.121 24.2 200 1 6.38 1.21 -5.17 

7 0.121 48.4 400 0.5 2.73 0.89 -1.84 

8 0.121 48.4 400 1 5.61 1.67 -3.94 

9 0.202 40.4 200 0.5 2.71 1.14 -1.57 

10 0.202 40.4 200 1 6.38 1.21 -5.17 

11 0.202 80.8 400 0.5 2.73 0.98 -1.75 

12 0.202 80.8 400 1 5.61 1.58 -4.03 

 

 

Experimental and theoretical % compression ratios 

according to the densification processes for Figure 7 

poplar wood type, Figure 8 larch wood type, and Figure 

9 cedar wood type are given graphically. 

 
 

Figure 7. Experimental and theoretical % 

compression ratios according to the densification 

processes of the poplar wood. 

 

 

 

 

 

 

 

 
 

Figure 8. Experimental and theoretical % 

compression ratios according to the densification 

processes of the larch wood. 

 

 
 

Figure 9. Experimental and theoretical % 

compression ratios according to the densification 

processes of the cedar wood. 
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As can be seen from the graphics, spring-back effect 

occurs after densification. It has been determined by 

experimental studies in the literature that the spring-

back effect is a condition seen after densification (Pelit 

et. al., 2014; Tenario et. al., 2021; Laine et. al., 2016; 

Kariz et. al., 2017). It has been stated that the density 

increase obtained by compressing the wood material 

depends on the characteristics of the wood species, the 

spring-back effect, and the level of compression by the 

applied densification method (Rautkari, 2012; Pelit et al. 

2015). The results of the variance analysis are given for 

densification in Table 3 and for spring-back in Table 4. 

 

Table 3. Analysis of variance for densification 

Source DF Adj SS Adj MS 

F-

Value 

P-

Value 

Wood species 2 4.8445 2.4223 16.24 0.000 

Feed (mm/rotate) 2 0.4598 0.2299 1.54 0.231 

Spindle speed (rpm) 1 0.6889 0.6889 4.62 0.040 

Depth of dens. 

(mm) 
1 5.6644 5.6644 37.98 0.000 

Error 29 4.3253 0.1491   

Total 35 15.9830    

According to the results of analysis of variance for 

densification, the effects of wood species 

(P=0.000<0.05) and spindle speed (P=0.040<0.05) and 

depth of densification (P=0.000<0.05) were found 

significant at 95% confidence level. Feed 

(P=0.231>0.05) has no statistical effect (Table 3). 

Table 4. Analysis of variance for spring-back 

Source DF Adj SS Adj MS F-Value 

P-

Value 

Wood species 2 6.8129 3.4064 11.26 0.000 

Feed (mm/rotate) 2 0.4571 0.2286 0.76 0.479 

Spindle speed 

(rpm) 
1 0.2483 0.2483 0.82 0.372 

Depth of dens. 

(mm) 
1 44.6892 44.6892 147.71 0.000 

Error 29 8.7737 0.3025   

Total 35 60.9813    

 

According to the results of analysis of variance for 

spring-back, the effect of wood species (P=0.000<0.05) 

and depth of densification (P=0.000<0.05) were found 

significant at 95% confidence level. Feed 

(P=0.479<0.05) and spindle speed (P=0.372<0.05) have 

no statistically significant effect (Table 4). 

 

The main effect graph for the densification percentage 

is given in Figure 10. The highest densification 

percentage was obtained in black poplar wood species, 

and the lowest densification percentage was obtained in 

larch wood species. 

 
 

Figure 10. Main effect plot for densification 

 

While the highest densification percentage was obtained 

at 0.081 mm/rotate feed, a decrease occurred at 0.121 

mm/rotate with an increase in the feed value. And it rose 

again at the highest feed value of 0.202 mm/rotate. 

However, this value is around an average densification 

value. The highest densification value was obtained at 

200 rpm spindle speed and 1 mm depth of densification. 

When evaluated in general, the highest densification 

was obtained in Black poplar wood species, 0.081 

mm/rotate feed, 200 rpm spindle speed, and 1 mm depth 

of densification. When the interaction plot for 

densification is examined in Figure 11, it is seen that the 

highest densification occurs at 1 mm depth of 

densification for all wood species. 

 

 
Figure 11. Interaction plot for densification 

 

It is seen that the difference between 0.5 and 1 mm in 

terms of the densification percentage of poplar wood is 

high, while this difference is obtained close to each other 

in larch and cedar wood. The interaction of depth of 

densification in both feed and two spindle speed values 

occurred similarly in different wood species. Spindle 

speed showed similar interaction at different feed 

values. On the other hand, when the interaction between 

spindle speed and wood species was examined, the 

highest densification was obtained at 200 rpm in poplar 

and larch wood species. Although close to each other in 

Cedar, the highest value occurred at 400 rpm. The 

interaction between the feed and wood species is similar 

in all three wood types. 

 

In Figure 12, the main effect graph for the spring-back 

percentage is given. 

 



Bilge International Journal of Science and Technology Research 2023, 7(2), 117-127 

124 

 
 

Figure 12. Main effect plot for spring-back 

 

The highest spring-back percentage was obtained in the 

poplar wood species, and the lowest spring-back 

percentage was obtained in the larch wood species. The 

highest percentage of spring-back was obtained in 0.081 

mm/rotate feed. With the increase of the feed value, a 

decrease of 0.121 mm/rotate occurred and increased 

again at the highest value of 0.202. However, this 

increase has not been too much. In fact, this change was 

not found to be significant at the 95% confidence level 

according to the result of the analysis of variance. The 

lowest percentage of spring-back was obtained at 400 

rpm spindle speed and 1 mm depth of densification. 

When evaluated in general, the lowest percentage of 

spring-back was obtained in larch wood species, 0.121 

mm/rotate feed, 400 rpm spindle speed, and 1 mm depth 

of densification. 

 

When the interaction plot for spring-back is examined in 

Figure 13, it is seen that the lowest percentage of spring-

back occurs at a 1 mm depth of densification for all 

wood species. The interaction of depth of densification 

in both feed and two spindle speed values occurred 

similarly in different wood species. 

 

 
Figure 13. Interaction plot for spring-back 

 

Spindle speed showed similar interaction in different 

feed values and the spring-back effect occurred close to 

each other in both feed values. However, when the 

interaction between spindle speed and wood species was 

examined, the lowest spring-back effect was obtained at 

400 rpm in poplar and larch woods, while the lowest 

value occurred at 200 rpm in cedar woods, although they 

were close to each other. In terms of spring-back effect, 

the percentage of spring-back was very close to each 

other in larch and cedar woods at 200 rpm, and poplar 

and cedar woods at 400 rpm. The interaction between 

the feed and wood species is similar in all three wood 

types. With the increase in feed, there was a decrease in 

the spring-back percentage first, and then there was an 

increase again. 

 

When the literature is examined, it has been tried to 

reduce the spring-back effect by steaming or heating, 

which can induce permanent fixation of the compressive 

deformation (Kutnar and Sernek, 2007). 

 

4. CONCLUSIONS 

 

In this study, black poplar (Populus nigra L.), larch 

(Pinus nigra Arnold), and cedar of Lebanon (Cedrus 

libani A.Rich.) wood species were selected as 

experimental materials. The surfaces of the cylindrical 

test specimens were densified by changing various 

densification parameters with the spinning roller on the 

lathe, and the densification and spring-back percentages 

were evaluated. The obtained results can be summarized 

as follows. 

 

- The effects of wood species, spindle speed and 

depth of densification were significant for 

densification percentage. The effect of the feed is 

not significant. 

- The effect of wood type and depth of densification 

was significant in terms of spring-back. The feed and 

spindle speed effect is not significant.  

- When evaluated in general, the highest densification 

percentage was obtained in black poplar wood, 0.081 

mm/rotate feed, 200 rpm spindle speed and 1 mm 

depth of densification. 

- When evaluated in general, the lowest percentage of 

spring-back was obtained in larch wood species, 

0.121 mm/rotate feed, 400 rpm spindle speed and 1 

mm depth of densification. 

- The highest densification percentage was obtained in 

the black poplar wood, and the lowest densification 

percentage was obtained in the larch wood.  

- The lowest spring-back percentage was obtained in 

the larch wood species, and the highest spring-back 

percentage was obtained in the black poplar wood 

species. 

- The highest percentage of densification and the 

lowest spring-back occurred at a 1 mm depth of 

densification for all wood species. 
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Abstract: Using artificial intelligence in law is a topic that has attracted attention in recent 

years. This study aims to classify the case decisions taken by the Constitutional Court of the 

Republic of Turkey. For this purpose, open-access data published by the Constitutional 

Court of the Republic of Turkey on the website of the Decisions Information Bank were 

used in this research. KNN (K-Nearest Neighbors Algorithm), SVM (Support Vector 

Machine), DT (Decision Tree), RF (Random Forest), and XGBoost (Extreme Gradient 

Boosting) machine learning (ML) algorithms are used. Precision, Recall, F1-Score, and 

Accuracy metrics were used to compare the results of these models. As a result of the 

evaluation showed that the XGBoost model gave the best results with 93.84% Accuracy, 

93% Precision, 93% Recall, and 93% F1-Score. It is important that the model result is not 

only good but also transparent and interpretable. Therefore, in this article, using the SHAP 

(SHapley Additive exPlanations) method, one of the explainable artificial intelligence 

techniques, the features that affect the classification of case results are explained. The study 

is the first study carried out in our country to use explainable artificial intelligence 

techniques in predicting court decisions in the Republic of Turkey with artificial 

intelligence. 
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1. INTRODUCTION 

 

Along with big data, artificial intelligence (AI) technology, 

which has developed rapidly in recent years, appears with 

various work examples in many sectors. In the literature 

review, it is seen that the application diversity is high in 

fields such as education (Roll and Wylie 2016; Knox 2020; 

Chen et al., 2020; Meço and Çoştu 2022), defense (Bistron 

and Piotrowski 2021), health (Yu et al., 2018; Jiang et al., 

2017; Turan et al., 2022), trade (Di Vaio et al., 2020; 

Loureiro et al., 2021) and engineering (Goertzel and 

Pennachin 2007). It has been observed that the application 

diversity in the field could be higher. In this context, the 

development of AI solutions in the field of law is seen as an 

area that attracts the attention of scientists and needs a lot of 

new work. 

 

When the studies in the field of law are examined, it is seen 

that it has developed in parallel with the development of 

natural language processing, a sub-branch of AI. It has been 

reported that AI solutions have been developed under the 

sub-titles of litigation decision prediction (Zhong et al., 

2018; Long et al., 2019), document analysis (Zadgaonkar 

and Agrawal 2021), legal assistance (Socatiyanurak et al., 

2021), contract creation, and review (Antos and Nadhamuni 

2021; Labin and Segal 2021) on legal documents. Making 

models, analyzing, and producing results using case 

decision data from these titles is called Legal Judgment 

Prediction (LJP). LJP practices are an important field of 

application as it quickly concludes case decisions, works 

without the need for rest periods that people need, do not 

show emotionality in the decisions it takes, and offer 

https://orcid.org/0000-0002-0888-0343
https://orcid.org/0000-0002-3293-9878
https://orcid.org/0000-0002-6262-4244
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recommendations. Niklaus et al., reported in their study that 

there are approximately 24 million cases per 17,000 judges 

in India and approximately 1.6 million cases on only five 

charges in Brazil (Niklaus et al., 2022). The duration of 

conclusion of these cases will inevitably be prolonged. LJP 

practices provide various benefits for law firms, clients, and 

legal professionals as a solution to this problem. These 

benefits are shown in Table 1. 

 

Table 1: Benefits of LJP 

 

 
Law Firm 

Thanks to the LJP, they can predict 

the outcome of the cases they defend, 

improve their defense case and 

increase their winning rate (Velez and 

Kim 2017). 

 

 
Client 

Thanks to LJP, they can get an 

estimate of the outcome of the case 

they want to file before applying to 

any law firm. If the result is that they 

cannot win the case, they will not 

incur any costs because they will not 

apply to the law firm (Stevenson and 

Wagoner 2015). 

Court 

The workload of judges and courts 

will be reduced as faster solutions are 

achieved in less time with LJP (Ma et 

al., 2021). 

 

The diversity of the data source is important in developing 

LJP applications. The Ministry of Justice of the Republic of 

Turkey has decided that in the "Human Rights Action Plan" 

published in April 2021, all court decisions in Turkey will 

be digitized and made accessible.1 In the literature review, 

Chinese and English LJP practices were used by using open 

access court decisions shared by the European Court of 

Human Rights (Aletras et al., 2016; Kaur and Bozic 2019;  

Collenette et al., 2020), Supreme People's Court of China 

(Yan et al., 2019; Yang et al., 2020; Gan et al., 2022) and 

Supreme Court of the United States (Strickson and Iglesia, 

2020). The development of Turkish legal datasets and LJP 

applications is still in its infancy, and it is seen that there 

are only two studies (Sert et al., 2021; Mumcuoğlu et al., 

2021). In this context, it is aimed to create a new Turkish 

data set as a first step in the research and to contribute to 

Turkish LJP studies. 

 

The Constitutional Court of Turkey shares the decisions of 

norm review, individual application, supreme Court and 

political parties as open access on the "Decisions 

Information Bank" website. This study uses individual 

application court decisions shared by the Turkish 

Constitutional Court for a new Turkish legal dataset. 

Personal application decisions consist of approximately 

10,000 lawsuits filed by individuals for alleged human 

rights violations since 2012. When the contents of the 

lawsuits are examined, it is seen that lawsuits have been 

filed for 24 fundamental rights and freedoms guaranteed by 

the Turkish Constitution. These lawsuits are based on 

"Violation, No Violation, Clearly Unfounded, Lack of 

 
1 https://insanhaklarieylemplani.adalet.gov.tr/ 

 

Constitutional and Personal Importance, Non-Exhaustion of 

Recourses, Refusal of Application, Rejection, Objection to 

Administrative Rejection, No Place for Review, 

Incompetence in Terms of Person, Incompetence in Terms 

of Subject" for the relevant fundamental rights and 

freedoms. It is concluded with 15 different results, 

including "Incompetence of the Court, Time-Out of Time, 

Incompetence in terms of Place, Incompetence in terms of 

Time." The study aims to predict the result of "Violation" / 

"No Violation" from these results, and the data set was 

created accordingly. 

 

Explainability is one of the important topics to be addressed 

while developing LJP applications. Classification models 

used in LJP applications can make decisions that are not 

easy to interpret with their non-linear and complex 

structures, and it is not known exactly how they reach the 

result. These results obtained by the models are defined as 

the black box (Mumford et al., 2021; Xu 2022). 

Explainable Artificial Intelligence (XAI) provides 

techniques to understand better and explain our model's 

results (Gunning and Aha 2019; Gunning et al., 2019). 

Thus, AI results defined as black box are converted into 

white box results. Disclosure of LJP model results is also 

important for legal professionals and clients awaiting 

explanations for why certain decisions were made. In this 

study, the results obtained by machine learning (ML) 

models are plotted using the SHApley Additive 

exPlanations (SHAP) method, one of the XAI techniques. 

Thus, the features that affect the model results are presented 

clearly and visually. 

 

The contributions of this article to the literature are as 

follows. 

1. Taking large volumes of legal data and automating 

the process of generating structured information and rules 

will reduce the time it takes for legal professionals to 

review hundreds of case documents and materials. 

2. It will successfully expand the analysis of the case 

and help legal professionals reach the decision's 

conclusions faster. 

3. It is the first study carried out in the country to 

explain the court decisions of the Republic of Turkey with 

XAI techniques. 

4. Sharing a new publicly available Turkish legal 

dataset will significantly contribute to developing Turkish 

LJP practices. 

 

2. RELATED WORK 

 

Predicting the legal consequences of cases depends on 

many factors, such as evidence, witnesses, judges, opinions, 

and previous court decisions. Legal professionals try to 

predict a case's outcome using their experience, knowledge, 

professional judgment, and other cognitive skills, and for 

this, they have to review large amounts of data. Today, Lex 

Machina, Premonition Analytics, and Ravel Law have 

developed LJP software. These softwares draw attention 

with accelerating information access, optimizing time 

management, and successful forecasting results. 

 

When the LJP studies in the world and our country are 

examined, it has been seen that the diversity of legal data 

https://insanhaklarieylemplani.adalet.gov.tr/
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sets is not enough. Therefore, the scientists who work first 

start to develop applications by creating a legal data set. 

Xiao et al., revealed the first Chinese LJP dataset, 

CAIL2018. They created the data set using the decisions 

shared by the Supreme People's Court of China. Also, they 

pointed out that the transmitted data set was the largest LJP 

data set ever (Xiao et al., 2018). Chalkidis et al., (2019) 

stated that they created a data set in English using the 

decisions shared by the European Court of Human Rights. 

Their study stated whether the lawsuits' results are infringed 

or not by binary classification and multi-label classification. 

Niklaus et al., (2021) stated that they created a multilingual 

(German, French, and Italian) data set using the decisions 

shared by the Federal Supreme Court of Switzerland. They 

used BERT-based methods to develop models. In 

additionally, they stated that the Hierarchical BERT model 

with a Macro-F1-Score of 70% showed the best 

performance. Long et al., first created a Chinese dataset for 

automatic judgment estimation. In additionally, they 

propose AutoJudge, a new LRC model that captures 

complex semantics in their work. They reported that they 

obtained better estimation results with the AutoJudge model 

compared to many advanced models (Long et al., 2019). 

Guo et al., (2021) created the dataset they used in their 

studies from the Chinese referee document network page. 

In their work, they propose a new method called ModTen 

based on tensor models. They showed that their results 

were better than those obtained with the classification 

methods. Li et al., (2019) developed models with MANN, 

one of the deep neural network methods, using the Chinese 

dataset CAIL2018 in their study. Also, they compared the 

model they developed with the SVM, GRU, Bi-GRU, 

HAN, and TOPJUDGE models. As a result, they stated that 

the MANN model achieved the best results. Katz et al., 

(2017) created a data set using English decisions shared by 

the United States Supreme Court. The model they 

developed gave an accuracy rate of 70.2%. The studies of 

Mumcuoğlu et al., (2021) were available in the literature as 

the first comprehensive study of NLP for the Turkish legal 

system. In their studies, they classified deep learning 

methods using Decision Trees, Random Forests, Support 

Vector Machines and the decisions of the Constitutional 

Court and Supreme Court. Sert et al., (2021) have 

developed estimation models for “violation” or “non-

violation” of Constitutional Court decisions. As a result of 

their studies, they achieved 90% success with MLP. The 

open-access court information used by the current LJP 

studies in the literature as the data source is shown in Table 

2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 Data Sources of LJP Articles 

 

Year Article Dataset Source 

 

2021 Using Artificial Intelligence to 

Predict Decisions of the 

Turkish Constitutional Court  

(Sert et al., 2021) 

Constitutional 

Court of Turkey 

2021 Natural language processing in 

law: Prediction of outcomes in 

the higher courts of Turkey  

(Mumcuoğlu et al., 2021) 

Constitutional 

Court of Turkey 

2018 Cail2018: A large-scale legal 

dataset for judgment Prediction  

(Xiao et al., 2018) 

Supreme People's 

Court of China 

2019 Neural legal judgment 

prediction in English (Chalkidis 

et al., 2019) 

European Court of 

Human Rights 

2021 Swiss-judgment-prediction: a 

multilingual legal judgment 

prediction benchmark  

(Niklaus et al., 2021) 

Federal Supreme 

Court of 

Switzerland 

2019 Automatic judgment prediction 

via legal reading 

comprehension (Long et al., 

2019) 

Supreme People's 

Court of China 

2021 TenLa: an approach based on 

controllable tensor 

decomposition and optimized 

lasso regression for judgment 

prediction of legal cases (Guo 

et al., 2021) 

Supreme People's 

Court of China 

2019 Mann: A multichannel attentive 

neural network for legal 

judgment Prediction  

(Li et al., 2019) 

Supreme People's 

Court of China 

2017 A general approach for 

predicting the behavior of the 

Supreme Court of the United 

States  

(Katz et al., 2017) 

Supreme Court of 

the United States 

2019 Convolutional Neural Network-

based Automatic Prediction of 

Judgments of the European 

Court of Human Rights  

(Kaur and Bozic 2019) 

European Court of 

Human Rights 

2016 Predicting judicial decisions of 

the European Court of Human 

Rights: A natural language 

processing perspective  

(Aletras et al., 2016) 

European Court of 

Human Rights 

2020 An Explainable Approach to 

Deducing Outcomes in 

European Court of Human 

Rights Cases Using ADFs 

(Collenette et al., 2020) 

European Court of 

Human Rights 

2022 Exploiting Contrastive 

Learning and Numerical 

Evidence for Improving 

Confusing Legal Judgment 

Prediction (Gan et al., 2022) 

Supreme People's 

Court of China 

2019 Law article prediction based on 

deep learning (Yan et al., 2019) 
Supreme People's 

Court of China 

2020 Leniency to those who confess? 

Predicting the Legal Judgement 

via Multi-Modal Analysis 

(Yang et al., 2020) 

Supreme People's 

Court of China 

2020 Legal judgment prediction for 

UK courts (Strickson and 

Iglesia 2020) 

Supreme Court of 

the USA 

2022 ClassActionPrediction: A 

Challenging Benchmark for 

Legal Judgment Prediction 

of Class Action Cases in the 

US (Semo et al., 2022) 

Supreme Court of 

the USA 
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The comparative use of XAI in LJP applications is a new 

topic, and there are few study examples in the literature. 

Gorski et al., used the Grad-CAM image processing 

technique to make it explicable in legal texts. Gorski et al., 

(2020) of the DistilBERT expression with an accuracy of 

85% of the best performance from the models they 

developed in their studies. Gorski and Ramakrishna (2021) 

stated in their studies that they explain legal texts with 

explainable methods such as Grad-CAM, LIME, and 

SHAP. They evaluated the results they obtained by 

contacting protective lawyers. 

 

3. MATERIAL AND METHOD 

 

3.1. Dataset 

 

The data set was created from the individual application 

decisions shared by the Constitutional Court of the 

Republic of Turkey on the Decisions Information Bank 

website. When the transmitted cases are examined, it is 

seen that they were opened for 24 fundamental rights and 

freedoms guaranteed by the Turkish Constitution and were 

concluded with 15 different results. This study aims to 

predict the result of "Violation" and "No Violation" of 

fundamental rights and freedoms. For this purpose, all 

decisions with the result of "Violation" and "No Violation" 

have been obtained from the web page. When the cases 

taken were examined, it was seen that there were no 

exemplary decisions for some rights and freedoms. Table 3 

shows the data set content of the study. 

 
Table 3 Dataset Content 
No Right Freedom Violation No 

Violation 

1 Right to Fair Trial (Penalty) 60 60 

2 Right to Fair Trial (Law) 60 60 

3 Right to Fair Trial 

(Administration) 
60 60 

4 Prohibition of Discrimination 3 3 

5 Individual Application Right 0 0 

6 Freedom of Religion and 

Conscience 
1 1 

7 Education right 3 3 

8 Effective Right to Apply 2 2 

9 Right to Request Review of 

the Provision 
0 0 

10 Freedom of expression 50 50 

11 Excluded Rights 0 0 

12 Right to Personal Freedom 

and Security 
80 80 

13 Abuse Ban 60 60 

14 The right to protection of 

material and spiritual 

property 

50 50 

15 Freehold 80 80 

16 Freedom of association 10 10 

17 Protection of private and 

family life right 
55 55 

18 The right to vote, be elected, 

and engage in political 

activity 

4 4 

19 The legality of crimes and 

punishments principles 
2 2 

20 The right to organize 

meetings and demonstration 

marches 

20 20 

21 Right to life 50 50 

22 Prohibition of forced labor 

and drudgery 
0 0 

23 Other Rights 0 0 

24 Union Right 0 0 

  Total 650 650 

  Overall Total     1300 

 

When the decisions were examined, it was seen that they 

consisted of six main parts. These sections are the subject 

of the application, the application process, the events and 

facts, the relevant law, the examination, and the law and 

judgment section, respectively. To determine of these 

sections would be the independent variable and the 

dependent variable for the models, interviews were held 

with the lawyers. As a result, it has been decided to 

designate the "Examination and Justification" section as the 

"independent variable" and the "Provision" section as the 

"dependent variable." The dataset created for this study has 

been published on GitHub and can be accessed at 

https://github.com/tulayturan/KararListesi. 

 

3.2. K-Nearest Neighbors (KNN) 

 

The KNN algorithm is based on the logic of calculating the 

distance of the unknown data from other data and including 

it in the nearest class (Nikam, 2015). Euclidean, Manhattan, 

or Minkowski methods are used to calculate the distance 

measure (Shahid et al., 2009; Singh et al., 2013) 

 

Euclidean distance calculation is calculated as given in 

Equation 1. 

√∑(𝑥𝑖 − 𝑦𝑖)
2

𝑛

𝑖=1

 

 

(1) 

 

Manhattan distance calculation is calculated as given in 

Equation 2. 

∑|𝑥İ

𝑛

𝑖=1

− 𝑦𝑖| 
 

(2) 

 

Minkowski distance calculation is calculated as given in 

Equation 3. 

(∑(|𝑥𝑖 − 𝑦𝑖|)
𝑞

𝑛

𝑖=1

)

1/𝑞

 

(3) 

 

The n value in the equations can be defined as "no of 

dimensions," the x value as "datapoint from the dataset," 

and the y value as "new data point (to be predicted)." 

 

3.3. Suport Vector Machine (SVM) 

 

SVM is an algorithm that properly separates data from two 

or more classes (Ghosh et al., 2019). The separation of 
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classes is determined by decision boundaries or hyperplanes 

(Somvanshi et al., 2016). In Figure 1, a red hyperplane and 

hyperplanes belonging to each class separate the two 

classes from each other. The region between +1 and -1 is 

called Margin. The wider the margin value, the better it 

classifies two or more classes (Brereton and Lloyd, 2010). 

 

Figure 1. Class Separation with SWM 

In Figure 1; 

The w*x-b=1 hyperplane and each data represent the class 

members labeled 1. 

The w*x-b=-1 hyperplane and any data below it represents 

class members labeled -1. 

 

3.4. Random Forest (RF) 

 

The RF classifier is based on evaluating the predictions 

produced by multiple decision trees (Rokach, 2016). 

Observations for trees are determined by the Bagging 

method, and the variables are determined by the Random 

Subspace method. RF uses Gini as the feature selection 

measure, and Gini calculus is calculated as given in Eq. 4. 

∑ ∑(𝑓(𝐶𝑖,, 𝑇)/|𝑇|)(𝑓(𝐶𝑗

𝑗≠𝑖

, 𝑇)/|𝑇|) (4) 

An unexpected situation is selected for the T training set in 

the equation, and whether the selected value belongs to the 

Ci class is calculated. 

 

3.5. Decision Tree (DT) 

 

The first cells of the decision trees are called Root Nodes 

(Fletcher and Islam, 2019).  There are nodes and leaves 

under the root. The root node is decided in decision trees by 

calculating Gini or Entropy values (Nanfack et al., 2022). 

Calculating the Gini value is shown in Equation 5, and the 

calculation of the Entropy value is shown in Equation 6. 

𝐺𝑖𝑛𝑖 = 1 − ∑ 𝑝𝑗
2

𝑗

 (5) 

Entropy = − ∑ pj log2(pj)

c

j=1

 
(6) 

pj is the probability of occurrence of class j. It is calculated 

for each class, and the sum of the squares of the results is 

subtracted. The Gini value gets a result between 0 and 1, 

and the closer the result is to 0, the better the 

discrimination. 

 

3.6. XGBoost 

 

XGBoost is an ML algorithm proposed by Chen and 

Guestirn (2016). Boosting Tree algorithms are based on a 

decision tree known as a classification and regression tree 

(CART) (Dong et al., 2020). 

 

The advantage of XGboost is that it supports linear 

classifiers and performs second-order Taylor expansion of 

the cost function to make the results more accurate. The 

loss function score used in the XGBoost algorithm and the 

solution of the weights are expressed as follows (Jiang et 

al., 2020). 

 

𝑤𝑗
∗ = −

∑ 𝑔𝑖

∑ ℎ𝑖 + 𝜆
 

(7) 

𝑜𝑏𝑗∗ = −
1

2
∑

(∑ 𝑔𝑖)
2

∑ ℎ𝑖 + 𝜆
+

𝑇

𝑗=1
𝜆. 𝑇                    

(8) 

In the equation, obj∗ represents the score of the loss 

function. The smaller the score, the better the structure of 

the tree. w∗j represents the solution of the weights. 

 

3.7. Model Evaluation Metrics 

In this study, Confusion Matrix, Accuracy, Sensitivity, 

Precision, and Recall calculation methods were used to 

evaluate the performance success of the models. A 

confusion Matrix is an analysis tool that shows the extent to 

which a classifier can classify different class labels. In this 

study, the data set has 2 class labels and will be 2k*2 in 

size, as shown in Confusion Matrix Figure 2. 

 

 
Figure 2. Confusion Matrix 

Accuracy, Sensitivity, Precision, and Recall calculations of 

the models can be made using the Confusion Matrix values. 

The Accuracy value is calculated as shown in Equation 9. 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃 + 𝑇𝑁

𝑇𝑃 + 𝐹𝑃 + 𝑇𝑁 + 𝐹𝑁
 

(9) 

 

The sensitivity value is calculated as shown in Equation 10. 
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Bilge International Journal of Science and Technology Research, 2023, 7(2), 128-141 

133 

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑁
 

(10) 

 

The precision value is calculated as shown in Equation 11. 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑃
 

(11) 

 

The Recall value is calculated as shown in Equation 12. 

𝑅𝑒𝑐𝑎𝑙𝑙 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑁
 

(12) 

 
3.8. Hyperparameter Tuning 

 

Hyperparameters are parameters determined initially before 

the learning process starts in a machine learning model. The 

values of these parameters do not change when the learning 

process is over. Learning Rate, Epoch, etc., parameters can 

be given as examples. 

 

Hyperparameter values given by default in machine 

learning models do not guarantee the best performance 

(Schratz et al., 2019). Therefore, the determination of 

hyperparameter values can greatly affect the model's 

performance (Mantodan et al., 2016).  A large amount of 

hyperparameters in the models makes it almost impossible 

to adjust these values manually. For this reason, many 

hyperparameter tune methods are available and used in the 

literature. The most used methods are GridSearch and 

RandomSearch. 

 

GridSearch creates a new model by trying all possible 

combinations from the given collection of values for each 

hyperparameter and returns the hyperparameter 

combination that provides the highest accuracy. The 

problem with this method is the process takes a long time 

when there are too many hyperparameters and values to try, 

and this causes the technique to run very slowly. 

 

In the RandomSearch method, N combinations determined 

from each hyperparameter value collection are randomly 

selected and return the hyperparameter combination that 

provides the highest accuracy. With this method, a search 

can be made much faster and with an accuracy close to 

GridSearch. 

 

3.9. Explainable Artificial Intelligence (XAI) 

 

Today, where technological developments are advancing at 

a dizzying pace, AI; is used in many points that directly 

affect human life, such as health, autonomous vehicles, and 

military areas. Parallel to these developments, the fact that 

the mechanism used by AI in making decisions (black box) 

is not known exactly causes questions about reliability, 

transparency, bias, and fairness. In light of all this 

information, XAI can be defined as a field consisting of 

tools, techniques, and algorithms that can produce human-

explainable explanations of AI decisions (Das and Rad, 

2020). XAI is divided into different groups according to 

various approaches. 

 

XAI scope is divided into local and global, depending on 

whether you understand the model from a local instance or 

as a whole. Local XAI focuses on disclosure on a single 

data basis and creates a description for each data. In Global 

XAI, the model is tried to be explained as a whole (Anders 

et al., 2021; Spinner et al., 2019). Local Interpretable 

Model-Agnostic Explanations (LIME) (Ribeiro et al., 2016) 

and SHApley Additive exPlanations (SHAP) (Lundberg 

and Lee 2017) methods can be given as examples for Local 

XAI. For Global XAI, Class Model Visualization [80] and 

Spectral Relevance Analysis (SpRAy) (Lapuschkin et al., 

2019) methods can be given as examples. At this point, 

LIME and SHAP can also be used for global XAI. 

 

BackProb and Pertubration, depending on the algorithmic 

approach used, whether it focuses on the input sample or 

the model parameters. BackProb XAI's description depends 

on the gradients propagating back from the prediction layer 

to the input layer. In Perturbation XAI, however, the 

explanation depends on random or carefully chosen 

changes in properties in the input data (Nie et al., 2018; Lin 

et al., 2020; Ivanovs et al., 2021). For BackProb XAI, 

DeConvolutional Nets (Zeiler and Fergus, 2014) and 

SpRAy methods can be given as examples. For 

Perturbation, XAI, LIME, and SHAP methods can be given 

as examples. 

 

XAI is divided into two depending on integration into a 

particular model and can be applied to the desired model in 

general. In Intrinsic XAI, explainability resides in the 

synargy architecture and cannot be transferred to other 

architectures. In Post-Hoc XAI, however, the algorithm 

does not depend on the model architecture and can be pre-

trained neural networks (Weber and Wermter 2020; 

Tritscher et al., 2020; Kenny et al., 2021, Colaner 2021). 

Neural Additive Models (Agarwal et al., 2020) and Bayes 

Rule Lists (Letham et al., 2015) are examples of Intrinsic 

XAI. For Post-Hoc XAI, LIME and SHAP can be given as 

examples. Besides, Automatic Concept-based Explanations 

(Ghorbani et al., 2019) are one of the Post-Hoc methods. 

 

3.10. SHapley Additive exPlanations (SHAP) 

 

SHAP is a game theory-based method used to describe the 

performance of a machine learning model. In SHAP, an 

output model is defined as a linear sum of input variables 

(Mangalathu et al., 2020). SHAP is defined as a model-

independent interpretability method because it can derive 

post-hoc explanations for the predictions of any 

classification model by associating inputs with output 

(Tideman et al., 2021).  

 

Equation 13, which explains the importance of the i feature 

as a Shapley value, is given below (Rodríguez-Pérez and 

Bajorath 2020). 

 

∅𝑖 =
1

|𝑁|!
∑ |𝑆|

𝑆⊆𝑁{𝑖}

! (|𝑁| − |𝑆| − 1)! [𝑓(𝑆 ∪ {İ}) − 𝑓(𝑆)] 
(13) 

Here f(S) is the model's output, and N is the set of all 

features. In the equation, the Shapley value of the feature i 

expresses the mean of the contributions in all possible 

permutations of a feature set. In this method, features are 

added to the set separately. The model output change shows 

that variable's relevance. 
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4. RESULTS  

 

The developed system consists of 5 parts. In the first stage, 

the content of the Turkish legal data set was passed through 

the data preprocessing steps. In the second stage, the vector 

space model of each word was created with the tf-idf (Term 

Frequency - Inverse Document Frequency) method. The 

supervised learning model classification techniques KNN, 

SVM, DT, RF, XGBoost, and LJP models were developed 

in the third stage. In the fourth stage, the classification 

performances of the models were compared with precision, 

recall, F1-score, and accuracy evaluation metrics. In the last 

section, the XGBoost model, which achieved the best result 

with an accuracy rate of 93.07%, is explained with SHAP 

plot techniques. The developed system diagram is given in 

Figure 3. 

 

 
 

Figure 3 Developed System Diagram 

 

Data preprocessing can be defined as the operations 

performed on the data set before AI models are developed. 

It is an important step in applications developed with 

natural language processing. Data preprocessing, 

transformation, deletion of duplicate data, and editing of 

noisy, incomplete, or contradictory data are performed on 

the data. As a result of this process, the model performance 

increases. The data preprocessing steps performed on the 

data in the study are shown in Figure 4. 

 

Figure 4. Data Preprocessing Steps 

 

After the data preprocessing step, the vector space model of 

each word was created with the tf-idf method. The tf-idf 

method is used in the digitization of the text. Each text is an 

MxN vector of available words. The document term matrix 

is formed by superimposing the vectors. This matrix 

consists of M texts and N terms. If terms are mentioned in 

the text, the weight value of that term will be different from 

"0". Tf-idf looks at the frequency of the related term in the 

text "Tf" and its importance in the text "idf." 

 

While calculating the Tf text frequency value, the ratio of 

the number of terms in the sentence to the total number of 

words is considered. Eq.14 shows the calculation method. 

𝑡𝑓(𝑡, 𝑑) =
𝑓𝑡,𝑑

∑ 𝑡′𝜖 𝑑 𝑓𝑡′, 𝑑
 

(14) 

𝑑 : Document 

t : Relative Frequency of Term  

 

When calculating the Idf importance value, it is the 

logarithm of the total number of sentences, the ratio of the 

selected term to the total number of sentences in all 

sentences. Eq. 15 shows the calculation method. 

𝑖𝑑𝑓 = (𝑡, 𝐷) = log
𝑁

|{𝑑 𝜖 𝐷 ∶ 𝑡 𝜖 𝑑 }|
 

 (15) 

After calculating the tf and idf values, the tf-idf value of 

each word is obtained by multiplying the two values found. 

Eq. 16 shows the calculation method. 

𝑡𝑓𝑖𝑑𝑓 = (𝑡, 𝑑, 𝐷) = 𝑡𝑓(𝑡, 𝑑). 𝑖𝑑𝑓(𝑡, 𝐷) (16) 

The data for which the vector space model was created was 

divided into an 80% training set and a 20% test set by the 

Holdout method in model validation methods. As a result, 

of the 1300 case texts in the data set, 1040 were used for 

training and 260 for evaluation. 

 

In the third stage of the study, models were developed with 

KNN, SVM, DT, RF, and XGBoost. Hyperparameter 

optimization was performed on the models to obtain the 

best accuracy result. The GridSearchCv object in the scikit–

learn library is used for this. With GridSearchCv, separate 

models were established for the model's hyperparameter 

values desired to be tested, and the hyperparameter values 

that gave the most successful results were determined. The 

hyperparameter values that provide the best accuracy result 

for the models are shown in Table 4. 

 

Table 4 Hyperparameter results of models 

 

Models HyperParameters Value 

K-Neaest 

Neighbors Model 

n_neighbors 8 

p(metric) Manhattan 

Support Vector 

Machines Model 

c 3 

kernel rbf 

Random Forest 

Model 

max_features 8 

min_samples_split 5 

n_estimators 100 

Decision Tree 

Model 

criterion Gini 

max_depth 3 

min_samples_split 2 

XGBoost Model learning_rate 0.1 

Data Pre-Progressing

Vector Space Model with Tf-Idf

Development of KNN, SVM, DT, 
RF, XgBoost Models

Comparison of Models with 
Evaluation Metrics

Display of model results with Shap 
Plots

Removing Stopwords

Deleting Numbers

Deleting Punctuation

Caps Conversions
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max_depth 3 

n_estimators 500 

subsample 0.6 

 

After the hyperparameter optimization, the final models 

were established, and the classification performances of the 

models were compared with the precision, recall, F1-score, 

and accuracy evaluation criteria. As a result of the 

assessment showed that the XGBoost model gave the best 

results with 93.84% Average Accuracy, 93% Precision, 

93% Recall, and 93% F1-Score. The performance values of 

the KNN, SVM, DT, RF, and XGBoost models are shown 

in Table 5. 

 

Table 5 Model Performance Values 
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KNN 

Model 

No 

violation 

(0) 

0.80 0.92 0.86  

 

 

90.76 Violation 

(1) 

0.93 0.83 0.88 

 
Mean/ 

Total 

0.87 0.88 0.87 

SVM 

Model 

No 

violation 

(0) 

0.84 0.94 0.88  

 

 

89.61 Violation 

(1)  

0.95 0.87 0.91 

Mean/ 

Total 

0.89 0.90 0.90 

DT 

Model 

No 

violation 

(0) 

0.83 0.89 0.86  

 

 

88.07 Violation 

(1) 

0.92 0.87 0.89 

Mean/ 

Total 

0.87 0.88 0.88 

RF Model No 

violation 

(0) 

0.81 0.95 0.87  

 

 

90 Violation 

(1) 

0.95 0.84 0.89 

Mean/ 

Total 

0.88 0.89 0.88 

XGBoost 

Model 

No 

violation 

(0) 

0.90 0.94 0.92  

 

 

93.84 Violation 

(1) 

0.95 0.93 0.94 

Mean/ 

Total 

0.93 0.93 0.93 

 

Classification estimation successes of the models are also 

shown in Figure 5 with ROC (Receiver Operating 

Characteristic) curves. 

 

 

 

 

 
Figure 5. ROC Curve Area 
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XGBoost, where the best prediction result is obtained in our 

LJP application, is a tree-based complex machine learning 

algorithm. Although it provides very high success, the 

results cannot be interpreted directly. In this study, using 

the SHAP method, one of the XAI techniques, the variables 

that affect the classification of the case decisions of the 

XGBoost model are explained with graphics. The waterfall 

plot shows the variables that push the model output from 

the baseline to the predicted model output. In the graph, 

variables that make the forecast higher are shown with a 

positive (red) contribution value, and variables that push the 

forecast down are shown with a negative (blue) 

contribution value. Figure 6 shows how much each variable 

affects the estimation result for the first case decision. This 

is also the result of the local interpretability of the initial 

decision. In the figure, it is seen that the variable 

"kararında" is the variable that most affects the f(x) value 

with the positive value of "+1.64". It is seen that the bars in 

the graph are mostly red and have positive values. 

Accordingly, the variables increase the SHAP value for the 

first case decision. As a result, since the f(x) value moves 

away from E[f(x)] value positively, it is seen that the case 

may result in "Violation" for the first case decision. 

 

 
 

Figure 6. Waterfall Plot for First Case Decision 

 

The force plot in Figure 7 is one of the local interpretability 

plots that show how variables contribute to the model's 

prediction. The graph shows the variables that contributed 

the most to the initial lawsuit decision and their marginal 

contributions, similar to the Waterfall graph. It is seen that 

the bars in the graph are mostly red and have positive 

values. As a result, the case may result in a "Violation" for 

the first case decision. 

 

Figure 7. Force Plot for First Case Decision 

 

The bar graph clearly shows the effects of the variables on 

the model output, thanks to its simple appearance. Figure 8 

shows how much each variable affects the estimation result 

for the 100th example of the case decisions. In the graph, it 

is seen that the variable "edilmediğine" is the variable that 

affects the f(x) value the most, with the negative value of "-

1.5". It is seen that the bars in the graph are mostly blue and 

have negative values. Accordingly, for the 100th case 

decision sample, the variables decrease the SHAP value. As 

a result, since the f(x) value deviates from the E[f(x)] value 

in a negative direction, it is seen that the case for the 100th 

case decision may result in "No Violation." 

 

Figure 8 Bar Chart for Centenary Verdict 

 

Beeswarm and Summary plot charts are used to explain the 

importance of the variables and their contribution to the 

model on the whole data set. The global interpretability of 

the model trained with XGBoost in this study is shown in 

Figure 9 and Figure 10. Each graph dot represents a case 

decision, while the X-axis shows the SHAP values. When 

the examine the results obtained in both graphs, it is seen 

that the variable "kararında" makes the most marginal 

contribution to the estimates. It is also seen that with the 

increase of this variable value, the SHAP value also 

increases. As a result of this, it is seen that the probability 

that the case will result in "Violation" increases. 
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Figure 9. Besswarm Plot  

 

Figure 10. Summary Plot 

The last SHAP chart used in the study is the Heatmap plot 

shown in Figure 11. This graph shows the global 

interpretability of the trained model. In the graph, the X-

axis represents the decision examples, and the y-axis 

represents the variables. The f(x) curve at the top of the 

graph is the model estimates of the samples. To the right of 

the graph are the SHAP values encoded in the color scale. 

According to the graph, the word "kararında" is the most 

important variable, and each decision's impact value is 

shown. 

 

Figure 11. Heatmap Plot 

 

5. DISCUSSION AND CONCLUSIONS 

 

With the LJP applications developed due to the 

combination of artificial intelligence and legal data, some 

studies have started a new process in the legal sector. 

Litigation decisions that take a long time can be concluded 

quickly, the workload of the legal staff will be alleviated, 

and they can produce logical, clear results because they do 

not show emotionality in the decisions. With this study, the 

Turkish LJP application, which has very few working 

examples in Turkey, has been developed. The results of the 

Turkish Constitutional Court case decisions were estimated 

using the KNN, SVM, DT RF, and XGBoost algorithms. 

Among the developed models, the XGBoost model 

achieved the best prediction result with an accuracy rate of 

93.07%. The results of the XGBoost model were made 

more transparent and interpretable by using the SHAP plots 

techniques such as Waterfall plot, Force plot, Beeswarm 

plot, Summary plot, Bar plot, and Heatmap plot. According 

to the results obtained, it was seen that SHAP values 

produced consistent results. As a result, end-users trust the 

models and that the decisions are fair and reliable. The AI 

models, prediction success rates, and the methods used by 

the Turkish LJP applications in the developed study and the 

literature are compared in Table 6. Accordingly, it is seen 

that the study stands out with its success rate and the XAI 

methods it uses. 
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Table 6 Comparison of Turkish LJP Studies 
Year Article Court Machine 

Learning 

Models 

Acc XAI Methods XAI Plots 

 

2021 

Predicting Turkish 

Constitutional Court Decisions 

using Artificial Intelligence 

(Sert et al., 2021) 

Constitutional 

Court of Turkey 

 

MLP 

 

%90.0 

 

None 

 

None 

 

2021 

Using natural language 

processing to predict decisions 

in Turkey's higher courts 

(Mumcuoğlu et al., 2021) 

Constitutional 

Court of Turkey 

DT % 85.1 None None 

RF % 87.6 

SWM % 83.5 

DL % 91.8 

 

2022 

 

This study  

 

Constitutional 

Court of Turkey 

KNN % 90.7  

 

Shap 

Waterfall Plot 

Force Plot 

Bar Plot  

Summary Plot 

Besswarm Plot 

Heatmap Plot 

SWM % 89.6 

DT % 87.6 

RF % 88.4 

XGBoost % 93.0 

 

The study is the first in Turkey to explain the model results 

using SHAP graphics, one of the XAI techniques. The new 

Turkish law data set has been brought to the literature with 

the study. In future studies, models with different AI 

algorithms can be built on the data set, applications can be 

developed, and Turkish LJP studies can be contributed. 
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Abstract: E. coli (Escherichia coli) is a bacterium found in human and animal intestines. 

These bacteria, which can enter the bloodstream through as anyway as the environment or 

food, can cause many diseases such as diarrhea, respiratory problems, and blood/urinary tract 

infections, especially in humans. Therefore, these bacteria have to be removed from drinking 

water sources by some inactivation methods. Conventional methods such as chlorination, 

ozonation, and UV inactivation methods are effective. But the development of techniques 

that do not require the transportation and storage of chemicals and do not produce negative 

by-products and are cost-effective on the basis of environmental engineering studies. In this 

study, the inactivation effectiveness of a hybrid electrode-connected electrochemical process 

as a new approach on E. coli was investigated. The connection system was experienced with 

Al/SS/SS as Anode/Cathode/Anode electrode. Simultaneously electrocoagulation (EC) and 

electrooxidation (EO) mechanism works together in this electrode connection system. The 

inactivation coefficients were determined by the GInaFiT (Geeraerd and Van Impe 

Inactivation Model Fitting Tool) modeling tool, which is a Microsoft Excel add-on and the 

model was statistically well fitted with Double-Weibull. 4D degradation of E. coli was 

achieved as 21 minutes at a current density of 0.3 A and an optical density (O.D.) of 0.21. It 

has been determined that hybrid electrode-connected electro-disinfection process is an 

effective approach for the E. coli inactivation.

Keywords: Electro-disinfection, E. coli, inactivation models, hybrid electrode, Double 

Weibull. 
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1. INTRODUCTION

One of the most basic needs for people and all other living 

things to continue their vital activities is clean drinking and 

utility water. For this reason, clean water supply, water 

treatment, and water recovery will be the most important 

research topics for all countries today and in the future. 

Drinking and using water must comply with the minimum 

standards determined by each country. Physical, chemical, 

organic, inorganic and bacteriological parameters are used in 

the evaluation of water quality. Total coliform and fecal 

coliform parameters are generally used in the evaluation of 

bacteriological contamination in water. One of the markers 

of bacteriological contamination in waters as a pathogenic 

microorganism is E. coli (Escherichia coli), a Gram (-) 

member of the Enterobacteriaceae family. E. coli is a 

subgroup of fecal coliform. A general distribution diagram 

of bacteriological indicators and E. coli in water is shown in 

Figure 1. (W.S. Dep. of Health Division of Env. Health 

Office of Drinking Water). 

https://orcid.org/0000-0003-1542-1599
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Figure 1. General distribution chart of E. coli 

 

The usage of electrochemical processes has increased in 

recent years due to the convenience of operating/investment 

costs, ease of operation and alternative treatment processes 

to conventional processes. Electrochemical processes can 

simultaneously remove many pollutants such as chemical 

oxygen demand (COD) (Solak et al., 2023 a and b), 

suspended solid (SS), color, and heavy metals. To remove 

pathogenic microorganisms, chemical processes such as Cl2 

(Fiorentino et al., 2021), O3 (Taoran Liu et al., 2019), 

physical processes such as ultraviolet (UV) (Fiorentino et al., 

2021) or their hybrid configurations and advanced filtration 

techniques such as membrane filtration processes (Saleh et 

al., 2021) are used.  

 

Electrochemical processes, which have recently been used 

and developed as environmentally friendly, are accepted as 

promising methods for pathogen removal from water (Feng 

et al., 2004; Delaedt et al., 2008; Li et al., 2011). 

Electrochemical technologies include disinfection types 

such as electrosorption (Matsunaga et al., 2000), and 

electrophoresis (Rowan et al., 2001). In addition, 

electrochemical processes have been successfully applied in 

the inactivation of different organisms (bacteria, viruses and 

microalgae) (Li et al., 2011). Bacterial inactivation of E. coli 

and Legionellapneumophila occurs effectively in various 

studies where electrochemical processes are applied. 

(Delaedt et al., 2008; Feng et al., 2004; Diao et al., 2004; Liv 

et al., 2004; Patermarakis and Fountoukidis 1990). E. coli is 

effectively removed by the EC process, which is one of the 

electrochemical processes. The most commonly used 

electrode types in these processes are Aluminum (Al) and 

Iron (Fe) electrodes as they are cheap and easy to supply 

(Haydar and Aziz, 2009; Mohammed and Sivakumar, 2009; 

Holt et al., 2005). The EO process is a subsection of 

electrochemical processes in which insoluble electrodes such 

as TiO2, Ti/RuO2, SS, and BBD are generally used. This 

process is effective for the degradation of organic pollutants 

(Diaz et al., 2011) and bacteriological pathogens (Isidro et 

al., 2020).  

 

To determine the mechanism and the efficacy of the 

inactivation processes some predictive models are used. 

These models are also grouped as primary, secondary, and 

tertiary models. Primary models track a microorganism's 

reaction to a single set of circumstances throughout time. 

The response might be either direct or indirect indicators of 

microbial population density or metabolic products. 

Secondary models define how primary model parameters 

vary in response to one or more environmental or cultural 

elements (for example, atmosphere, pH, temperature, etc.). 

Tertiary models are computer-based adaptations of primary 

and secondary models (Whiting and Buchanan, 1993). In the 

study, a tertiary model was preferred to model the E. coli 

inactivation of the hybrid electrode-connected electro-

disinfection process with the GInaFiT modeling program, 

which is a Microsoft Excel add-on. 

 

Real-life applications show that there is no single treatment 

method that can perform a complete, efficient and cost-

effective disinfection process in accordance with the 

literature. The aim of the study is to develop a new approach 

to the hybrid electrode connected electro disinfection 

process, to determine the effective applied current, to 

determine the inactivation capability of pathogenic 

microorganisms and to determine which model fits the E. 

coli inactivation with hybrid electrochemical technique. 

 

2. MATERIAL and METHOD 

 

2.1. Preparation of E. coli suspension 

 

In the study, the water that was electrochemically disinfected 

was prepared synthetically with sterile water. E. coli (ATCC 

25922) was prepared from lyophilized strains as specified by 

the ATCC. The resulting biomass was used to create cellular 

suspensions at appropriate bacterial densities in sterile 

electrolytic solutions. 3N NaCl (Merck) was used to provide 

electrochemical conductivity, and 0.1 N HCl and 0.1 N 

NaOH were used to neutralize water. 

 

2.2. Electro-disinfection Experimental Studies 

 

A water-cooled reactor with a volume of 0.5 L, made of 

plexiglass, was used in the removal of E. coli from 

wastewater employing electro-disinfection process. The 

reactor internal dimensions were 8x8x11cm. 0.45 L water 

was used in each experiment. Anode/Aluminum (Al)/(+), 

Cathode/Stainless Steel (SS)/(-), Anode/Stainless Steel 

(SS)/(+) electrodes with approximately 80 cm2 active surface 

area were used in the electro-disinfection process. (Figure 2). 

Electrode dimensions were 10cmx4cm; The dimensions that 

react in water were 5cmx4cm. 

 

 
Figure 2. Hybrid connection of electrodes 

 

The experimental design is given in Figure 3. The reaction 

was started after the electrodes, which were prepared 

synthetically and whose absorbance at 600 nm was 

determined, were washed with HCl on the wastewater 

surfaces of which the number of colonies was determined, 

and placed in the reactor. During the reaction, the sample was 

mixed with a magnetic stirrer at 300 rpm. The temperature, 

which was measured continuously during the reaction, was 

Total Coliform=Environmental Pollution 

Fecal Coliform&E .Coli= Fecal Pollution 
E .Coli 

E .Coli O157 H7 

SS 

Anode 

Al 

Anode 

SS 

Cathode 
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kept at room temperature by the water-cooling system 

outside the reactor. In the first stage, the variation of E. coli 

inactivation with time was observed at constant E. coli and 

current densities. The effect of the current on constant E. coli 

concentration was determined.  

 

 

The opacity of a bacterial solution which is called optical 

density (OD600) of the E. coli was analyzed by using a Hach 

DR6000 spectrophotometer at a 600 nm wavelength. The 

initial and residual number of E. coli in the wastewater was 

determined by counting. 

 

 
 

Figure 3. Experimental set-up of electro-disinfection 

 

2.3. Determination of Inactivation Coefficient 

 

 

Inactivation curves corresponding to the experimental data 

were performed using the Microsoft Excel add-in tool 

GInaFiT, developed by Geeraerd (Geeraerd ve Van Impe 

Inactivation Fitting Tool). With GInaFiT, the change of 

bacterial cells (log CFU/ml) damaged by disinfection 

methods over time is determined by various microbial 

inactivation models. Models used: Log-linear, Log-linear + 

shoulder, Log-linear + tail, Log-linear + shoulder + tail, 

Weibull, Weibull + tail, Double Weibull, Biphasic Model 

and Biphasic + shoulder. In addition, model parameters such 

as the inactivation coefficient in the GInaFiT program 

provide information on various subjects such as the 

resistance of bacterial cells to stress, residual cell 

concentration and purification efficiency. Inactivation 

models’ equations and coefficients are given in Table 1. 

 

 
 

Table 1. Inactivation models’ equations and coefficients 
 

Model Equations  
Coeffici

ents 
Reference 

Log-linear 𝑁 = 𝑁0. exp⁡(−𝑘𝑚𝑎𝑥 . 𝑡) kmax Bigelow and Esty 1920 

Log-linear 

shoulder 

𝑁 = 𝑁0. exp(−𝑘. 𝑡) . (exp(𝑘. 𝑆𝐼))/(1 + (exp(𝑘. 𝑆𝐼) − 1). exp(−𝑘. 𝑡))) 
k, SI Geeraerd et al., 2000 

Log-linear tail 𝑁 = (𝑁0 − 𝑁𝑟𝑒𝑠). exp⁡(−𝑘. 𝑡) + 𝑁𝑟𝑒𝑠 k, Nres Geeraerd et al., 2000 

Log-linear 

shoulder+tail 

𝑁 = (𝑁0 − 𝑁𝑟𝑒𝑠). exp⁡(−𝑘. 𝑡). ((exp(𝑘. 𝑆𝐼)))/(1 + (exp(𝑘. 𝑆𝐼)
− 1. exp(−𝑘. 𝑡))) + 𝑁𝑟𝑒𝑠 

k, Nres, 

SI 
Geeraerd et al., 2000 

Weibull 𝑁/𝑁0 = 10
(−((

𝑡
𝑎)

𝑛
))

 a, n Mafart et al.,2002. 

Weibull fixed p 𝑁/𝑁0 = 10
(−((

𝑡
𝛿
)
𝑝
))

 p Mafart et al.,2002. 

Weibull+tail 𝑁 = (𝑁0 − 𝑁𝑟𝑒𝑠). 10
(−((

𝑡
𝑎)

𝑛
))
+ 𝑁𝑟𝑒𝑠 

a, n, Nres Albert and Mafart 2005. 

Double 

Weibull 
𝑁(𝑡) = (

𝑁0

(1 + 10𝛼)
) . ((10

−(
𝑡
𝑎1

)
𝑛1+𝛼

+ 10
−(

𝑡
𝑎2

)
𝑛2

) 
a1, a2, 

n1, n2, a 
Coroller et al. 2006. 

Biphasic 𝑁 = 𝑁0. (𝑓. exp(−𝑘1. 𝑡) + (1 − 𝑓. exp⁡(−𝑘2. 𝑡)) f, k1, k2 Cerf et al, 1977. 

Biphasic + 

shoulder 

𝑙𝑜𝑔10(𝑁) = 𝑙𝑜𝑔10(𝑁0)

+
𝑙𝑜𝑔10(𝑓. exp(−𝑘1. 𝑡) . exp(𝑘1. 𝑆𝐼))

1 + (exp(𝑘1. 𝑆𝐼) − 1). exp(−𝑘1. 𝑡)
. (1

− 𝑓. 𝑒𝑥𝑝(−𝑘2. 𝑡).
exp(𝑘2. 𝑆𝐼)

1 + (exp(𝑘1. 𝑆𝐼)

− 1) . exp(−𝑘1. 𝑡))^(𝑘2/𝑘1)) 

f, k2, k2, 

SI 
Geeraerd et al., 2006. 
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N: microbial population at any time; N0: initial microbial 

population; k: specific inactivation coefficient; Nres: residual 

population density; Sl: shoulder length; a: scale parameter; 

n: shape parameter; k1 and k2: specific inactivation rates of 

the two subpopulations; f: fraction of the initial population 

in a less resistant subpopulation. 

 

2.4. Equations 

 

In microbial inactivation studies, logarithmic removal 

efficiency is calculated by Equation 1.  

 

𝑙𝑜𝑔 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 = −𝑙𝑜𝑔10(𝑁0/𝑁𝑡)  Eq. 1 

 

N0= initial concentration of E. coli (CFU/mL), NT= E. coli 

concentration at time t (CFU/mL) 

 

The current density was calculated by Equation 2. 

 

𝐽 = 𝐼/𝐴     Eq. 2. 

 

Here; J: Current density, A/m2, I: current (Ampere), A: 

Active surface area, cm2. 

 

3. RESULTS and DISCUSSION 

3.1. Experimental Results  

 

0.1 A (1.25 mA/cm2), 0.2 A (2.5 mA/cm2 and 0.3 A (3.75 

mA/cm2) current was applied to the Al/SS/SS connected 

electrochemical process. The experimental results of the 

study are given in Table 2. Initial number of E. coli was 

varied from 54.106 to 56.106. When 0.1 A current was 

applied to the water, 4D degradation of E. coli was achieved 

in >30 minutes, and in a 0.2 A was applied current >38 

minutes. In a 0.3 A applied current, 4D was achieved at a 

minute of 21. The inactivation effectiveness of the process 

was increased with the increase of applied current. 

 

 

Table 2. Experimental results 

 

 0.1 A (1.25 mA/cm2) 0.2 A (2.5 mA/cm2) 0.3 A (3.75 mA/cm2) 

Time  

(min.) 

E. coli 

Number 

Log 

N/No 

R.E. 

(%) 

E. coli 

Number 
Log N/No 

R.E. 

(%) 

E. coli 

Number 
Log N/No 

R.E. 

(%) 

0 54000000 0 0 56000000 0 0 56000000 0 0 

2 52000000 -0.01639 3.703704 38000000 -0.1684 32.14286 54000000 -0.01579 3.571429 

4 50000000 -0.03342 7.407407 31000000 -0.25683 44.64286 48000000 -0.06695 14.28571 

6 48000000 -0.05115 11.11111 29000000 -0.28579 48.21429 14900000 -0.575 73.39286 

8 47000000 -0.0603 12.96296 12500000 -0.65128 77.67857 12700000 -0.64438 77.32143 

10 32500000 -0,22051 39.81481 10000000 -0.74819 82.14286 5400000 -1.01579 90.35714 

12 32300000 -0.22319 40.18519 5100000 -1.04062 90.89286 4000000 -1.14613 92.85714 

14 19800000 -0.43573 63.33333 4200000 -1.12494 92.5 3600000 -1.19189 93.57143 

16 11300000 -0.67932 79.07407 4000000 -1.14613 92.85714 1400000 -1.60206 97.5 

18 11100000 -0.68707 79.44444 3500000 -1.20412 93.75 1340000 -1.62108 97.60714 

20 8600000 -0.7979 84.07407 2400000 -1.36798 95.71429 1190000 -2.5 97.875 

22 8400000 -0.80811 84.44444 1700000 -1.51774 96.96429 190 -5.46943 99.99966 

24 7500000 -0.85733 86.11111 1250000 -165128 97.76786 

26 6300000 -0.93305 88.33333 220000 -2.40577 99.60714 

28 5900000 -0.96154 89.07407 50000 -3.04922 99.91071 

30 1480000 -1.56213 97.25926 28000 -3.30103 99.95 

32 1340000 -1.60529 97.51852 0  100 

34 1210000 -1.64961 97.75926 

36 1190000 -1.65685 97.7963 

38 230000 -2.3067 99.57407 

40 30000 -3.25527 99.94444 
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3.2. Optical Density of the E. coli Colony 

 

 

0.1 A (1.25 mA/cm2), 0.2 A (2.5 mA/cm2 and 0.3 A (3.75 

mA/cm2) current was applied to the Al/SS/SS connected 

electrochemical process. The absorbance values (Optical  

Density600-OD600) are given in Table 3. The density of a 

cell suspension (Optical Density) is related to the number of 

cells, and optical density is employed to assess this density. 

With the use of this measurement, it will be possible to 

estimate how the decrease in E. coli cells has affected the 

media's opacity. (Kourdali et al., 2018).  

 

Table 3. The optical density of E. coli 

 

 

Applied Current 

0.1 A 

(1.25 mA/cm2) 

0.2 A 

(2.5 mA/cm2) 

0.3 A 

(3.75 mA/cm2) 

Time 

(min.) 

Abs 

(600nm) 

Abs 

(600nm) 

Abs 

(600nm) 

0 0.512 0.530 0.530 

2 0.510 0.523 0.514 

4 0.504 0.512 0.509 

6 0.503 0.489 0.494 

8 0.501 0.481 0.472 

10 0.496 0.439 0.429 

12 0.492 0.381 0.332 

14 0.489 0.369 0.325 

16 0.484 0.352 0.283 

18 0.473 0.351 0.258 

20 0.444 0.300 0.200 

22 0.434 0.248 0.145 

24 0.377 0.168 

26 0.346 0.142 

28 0.300 0.134 

30 0.287 0.092 

32 0.239 0.085 

34 0.228 

36 0.207 

38 0.146 

40 0.111 

 

OD600 values for different applied current values are given in 

Figure 4. As it is seen in Figure 4 that OD600 values of E. coli 

inactivation were almost the same for all applied current 

values at a time of 0 to 8 min. After 8 min. inactivation effect 

of 0.1 A current was less effective than 0.2 A and 0.3 A. 4D 

inactivation of E. coli was determined at a time of 21 min. 

The increase of current increases the E. coli inactivation. It 

is thought that applying a 0.4 A current can present a shorter 

time 4D inactivation opportunity. 
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Figure 4. OD 600 Values for 0.1 A, 0.2 A and 0.3 A 

 

Outlet concentration of t versus electrolysis time is given in Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Outlet Concentration of E. coli versus electrolysis time (for 0.3 A) 

 

3.3. Data Modeling of E. coli Inactivation Kinetics 

 

 

The GInaFit was used to determine the inactivation model of 

the electro-disinfection process. GInaFit is an add-in Excel 

component (https://cit.kuleuven.be/biotec) that was released 

by Geeraerd et al. (2015). This programme can be applied by 

selecting the time versus log N/N0. Then the GInafit plugin 

is selected (Figure 6) and the desired model is created with 

the help of the plugin (Figure 7). With this plugin, statistical 

parameters such as coefficient of determination (R2), 

adjusted R2, sum of squares of error (SSE), sum of squares 

of mean error (MSE), root mean square error (RMSE), 

experimental and estimated values, and 2D graphs can be 

obtained (Figure 8). The significance of the models and 

parameters is evaluated by these statistical parameters. 
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Figure 6. Selecting the time versus log N/N0 Figure 7. Selecting the model 

 

 

Figure 8. Evaluation of model results of the GInaFit 

 



Bilge International Journal of Science and Technology Research 2023, X(X), xx-xx 

 

149 

Modeling kinetic parameters of E. coli under different current densities is given in Table 4. 

 

Table 4. Inactivation models and coefficients 

Model 
Current 

(A) 
R2 R2

adj a b kmax c Log10(N0) c      
 

Log-linear 

0.1 0.86 0.85 0.1116 0.3341 0.15 0.01 0.39 0.14       

0.2 0.90 0.89 0.1025 0.3201 0.22 0.02 0.22 0.15       

0.3 0.71 0.68 0.7354 0.8576 0.40 0.08 0.61 0.47       

 Current 

(A) 
R2 R2

adj a b kmax c Log10(N0) c Sl c 

4D 

reduction is 

reached at 

  

 

Log-linear 

shoulder 

0.1 0.92 0.91 0.0681 0.2611 0.24 0.03 -0.10 0.11 16.65 2.65     

0.2 0.93 0.92 0.0814 0.2852 0.30 0.04 -0.21 0.16 9.18 2.66     

0.3 0.87 0.84 0.3721 0.6100 2.36 0.60 -0.71 0.20 17.65 0.85 21.56    

 Current 

(A) 
R2 R2

adj a b kmax c Log10(N0) c Log10(Nres) c    
 

Log-linear 

tail 

0.1 0.86 0.84 0.1178 0.3433 0.15 0.02 0.39 0.17 -13.35 
> 

70.106 
   

 

0.2 0.90 0.88 0.1103 0.3322 0.22 0.03 0.22 0.18 -15.03 
> 

10.1011 
   

 

0.3 0.82 0.90 0.7052 0.6397 0.40 0.12 0.61 0.54 -14.75 
> 

41.1010 
   

 

 Current 

(A) 
R2 R2

adj a b kmax c Log10(N0) c Log10(Nres) c Sl c  
 

Shoulder 

tail 

0.1 0.92 0.90 0.0722 0.2686 0.24 0.06 -0.10 0.12 -33.89  16.65 3.26   

0.2 0.93 0.91 0.0881 0.2969 0.30 0.07 -0.21 0.18 -33.42  9.18 3.33   

0.3 0.87 0.82 0.4186 0.6470 2.36 1.33 -0.71 0.22 -17.56 
> 

44.1011 
17.65 1.13  

 

 Current 

(A) 
R2 R2

adj a b delta c Log10(N0) c p c 

4D 

reduction is 

reached at 

  

 

Weibull 

0.1 0.94 0.93 0.0493 0.2221 27.08 1.52 -0.11 0.09 2.48 0.35     

0.2 0.95 0.94 0.0573 0.2394 17.91 1.53 -0.26 0.12 2.06 0.33     

0.3 0.89 0.86 0.3192 0.5650 15.88 1.24 -0.53 0.23 4.89 1.21 ±21.12    

 Current 

(A) 
R2 R2

adj a b delta c Log10(N0) c p c    
 

Weibull 

fixed 

0.1 0.91 0.89 0.1076 0.3280 10.49 3.09 0.20 0.26 1.02 0.24     

0.2 0.86 0.85 0.1151 0.3393 15.89 4.55 0.37 0.24 1.02 0.26     

0.3 0.71 0.64 0.8064 0.8980 5.85 4.71 0.59 0.76 1.02 0.55     
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 Current 

(A) 
R2 R2

adj a b delta c Log10(N0) c p c Log10(Nres) c  
 

Weibull 

tail 

0.1 0.94 0.93 0.0522 0.2285 27.08 1.60 -0.11 0.10 2.48 0.56 -12.23 16.108   

0.2 0.95 0.94 0.0621 0.2492 17.91 1.70 -0.26 0.14 2.06 0.51 -13.38 95.108   

0.3 0.92 0.89 0.2577 0.5077 17.41 1.16 6.60 3.15 -0.54 0..20 -15.48 36.109   

 
Current 

(A) 
R2 R2

adj a b Alpha c Delta 1 c P c Log10(N0) c 
Delta 

2 
c 

Double 

Weibull 

0.1 0.98 0.98 0.14 0.019 0.70 0.14 8.97 0.9 4.22 0.59 -0.14 0.08 24.11 0.84 

0.2 0.97 0.97 0.15 0.022 0.61 0.13 15.34 1.14 5.7 0.84 -0.04 0.07 34.52 0.83 

0.3 0.96 0.94 0.36 0.13 0.69 0.38 6.1 1.24 6 1.4 0.01 0.23 17.30 1.01 

 
Current 

(A) 
R2 R2

adj a b f c Log10(N0) c kmax1 c kmax2 c  
 

Biphasic 

0.1 0.86 0.83 0.1248 0.3532 0.8475 90.1013 0.39 0.15 0.15 - 0.15 -   

0.2 0.90 0.88 0.1195 0.3457 0.8722  0.22 - 0.22 - 0.22 -   

0.3 0.71 0.60 0.9192 0.9588 0.7763 19.1014 0.61 0.54 0.40 - 0.40 -   

 
Current 

(A) 
R2 R2

adj a b f c Log10(N0) c kmax1 c kmax2 c Sl   

Biphasic 

shoulder 

0.1 0.92 0.90 0.0767 0.2769 1.0000 - -0.10 - 0.24 - 0.24 - 16.65  

0.2 0.93 0.90 0.0962 0.3101 1.0000 - -0.21 - 0.30 - 0.30 - 9.18  

0.3 0.87 0.79 0.4784 0.6917 1.0000 - -0.71 - 2.36 - 2.36 - 17.65  

c: Standart Error 
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A log-linear equation, which is based on the idea that there 

is a negative and linear relationship between cell count and 

deadly treatment/inactivation rate, is the most fundamental 

method for describing the inactivation kinetics (Bevilacqua 

et al., 2015). R2, and adjusted R2 were checked to determine 

the adequacy of the models. The R2 value of the Log-linear 

model for 0.1 A, 0.2 A and 0.3 A was determined as 0.86, 

0.9 and 0.71, respectively, while R2adj values were 0.85, 

0.89 and 0.68, respectively. The 2D plot of the Log-linear 

inactivation model is given in Figure 9a. The term "log-linear 

shoulder model" describes first-order inactivation kinetics 

that have the shoulder parameter added (Geeraerd et al. 

2000). R2 values of the Log-linear shoulder model for 0.1 A, 

0.2 A and 0.3 A were determined as 0.92, 0.93 and 0.87, 

respectively, while R2
adj values were 0.91, 0.92 and 0.84, 

respectively. Figure 9b shows the log-linear shoulder 

inactivation model of E. coli. Log-linear tail model refers to 

conventional first-order inactivation kinetics with an added 

tail parameter (Geeraerd et al. 2000). R2 values of the Log-

linear tail model for 0.1 A, 0.2 A and 0.3 A were determined 

as 0.86, 0.90 and 0.82, respectively, while R2
adj values were 

0.84, 0.88 and 0.90, respectively. But the minimum value 

that may be measured is less than Log10(Nres). For this data, 

a model with tailing is implausible, and the findings do not 

fit the model. Log-linear shoulder tail model refers to 

conventional first-order inactivation kinetics with an added 

shoulder and tail parameter (Geeraerd et al. 2000). R2 values 

of Log linear shoulder tail model for 0.1 A, 0.2 A and 0.3 A 

were determined as 0.92, 0.93 and 0.87, respectively, while 

R2
adj values were 0.90, 0.91 and 0.82, respectively. Log10 

(Nres), however, is lower than the smallest measured value. 

For this data, a model with tailing is implausible, and the 

findings do not fit the model. 

 

The Biphasic model assumes an initially large subpopulation 

that is more susceptible to stress (smoother steady decline) 

and a smaller subpopulation that is more resistant to stress 

(smoother steady decline) (Cerf et al., 1977). R2 values of 

Biphasic model for 0.1 A, 0.2 A and 0.3 A were determined 

as 0.86, 0.90 and 0.71, respectively, while R2
adj values were 

0.83, 0.88 and 0.60, respectively. However, the parameter 

estimate for kmax1 equals kmax2 perfectly. This shows that the 

biphasic model is unlikely to fit the facts in this case. R2 

values of the Biphasic shoulder model for 0.1 A, 0.2 A and 

0.3 A were determined as 0.92, 0.93 and 0.87, respectively, 

while R2
adj values were 0.90, 0.90 and 0.79, respectively. The 

parameter estimates for kmax1 and kmax2 are identical. This 

shows that the biphasic model is unlikely to fit the facts in 

this case. 

 

R2 values of the Weibull model for 0.1 A, 0.2 A and 0.3 A 

were determined as 0.94, 0.95 and 0.89, respectively, while 

R2
adj values were 0.93, 0.94 and 0.86, respectively. Figure 9c 

presents the Weibull inactivation model. R2 values of 

Weibull fixed p model for 0.1 A, 0.2 A and 0.3 A were 

determined as 0.91, 0.86 and 0.71, respectively, while R2
adj 

values were 0.89, 0.85 and 0.64, respectively. The 2D plot of 

the Weibull fixed p model is given in Figure 9d. R2 values of 

the Weibull tail model for 0.1 A, 0.2 A and 0.3 A were 

determined as 0.94, 0.95 and 0.92, respectively, while R2
adj 

values were 0.93, 0.94 and 0.89, respectively. But, the 

minimum value that may be measured is less than 

Log10(Nres). For this data, a model with tailing is unlikely 

for these data. The Double Weibull model assumes that in 

the first wave, there is a large subpopulation more sensitive 

to stress, while in the second wave, there is a small 

subpopulation that is more resistant to stress (Coroller et al., 

2006). R2 values of the Double Weibull model for 0.1 A, 0.2 

A and 0.3 A were determined as 0.98, 0.97 and 0.96, 

respectively, while R2
adj values were 0.98, 0.97 and 0.94, 

respectively. Figure 9e shows the Double Weibull 

inactivation model. The Double Weibull model had a high 

signal, which is thought to explain the electro-disinfection 

process for E. coli inactivation. 

 

2D Plots of inactivation models are given in Table 2. The 

mean square error (RMSE) and coefficient of determination 

(R2) parameters were used to evaluate the fit of the model. 

Finally, with the mathematical kinetic models in GInaFit, the 

model that will explain the hybrid electrode-connected 

electro-disinfection process and the E. coli removal model 

was chosen. It was observed that the inactivation curves 

obtained in the study fit with the Double Weibull model. In 

order to determine the effective current value, the time 

required for the microbial population to decrease by 4 log 

(t4D) was determined together with the Double Weibull 

model. This model was built on the assumption that the 

population is comprised into two subpopulations with 

varying stress resistances, and that the inactivation kinetics 

of both subpopulations follow a Weibull distribution 

(Coroller et al., 2006). In a study, Double Weibull model was 

obtained for the E. coli inactivation as present study (Hwang 

et al., 2019). 

 

In the study, a hybrid electrode system was used. In this 

system, both EC process and EO processes work together. 

Accordingly, the mechanisms of both electrochemical 

methods are effective in the reactor. It has been reported that 

E. coli inactivation by electrochemical disinfection process 

using Pt as anode electrode occurs by two different 

mechanisms including direct oxidation on the electrode 

surface and indirect oxidation due to hydroxyl radicals 

(Jeong et al., 2007). Inactivation by EC process has both 

direct and indirect effects. Electric field application produces 

a direct effect. The indirect impact, on the other hand, is 

caused by microorganisms coming into contact with oxidants 

produced by water electrolysis and anode dissolution 

(Drogui et al., 2001; Li et al., 2004, Drees et al., 2003; 

Ghernaout et al., 2008). All these considerations lead to the 

hypothesis that the use of a hybrid electrode coupling system 

should be highly effective in E. coli inactivation. In the 

study, it was observed that E. coli inactivation was realized 

effectively. 
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Table 2 D Plots of Inactivation Models 

 
 

a) Log linear 
 

b) Log linear shoulder 
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* Log linear tail 

* Log linear shoulder+tail 

* Weibull+tail 

 

** Biphasic 

** Biphasic + shoulder 

 

* Log10(Nres) is less than the minimal measured value. Model with tailing is 

unlikely for these data. 

 

** The parameter estimate for kmax1 is exactly equal to kmax2. This indicates 

that the biphasic model is unlikely for these data. 

 

 

e) Double Weibull 
 

Figure 9. 2D Plots of Inactivation models 
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4.CONCLUSION 

E. coli is a parameter that should be evaluated 

bacteriologically, especially for drinking water. Since it is a 

pathogenic microorganism, its removal from drinking water 

is very important. In this study, the inactivation efficiency of 

E. coli with the electro-disinfection process using a hybrid 

electrode connection system, which is a new approach, and 

the inactivation kinetics of E. coli were determined. The 

increase in applied current also shows its significant 

efficiency in terms of E. coli cell inactivation and 

disintegration (OD600). At an applied current of 0.1 A and 0.2 

A, 4D inactivation of E. coli could not be reached. At an 

applied current of 0.3 A, 4D degradation of E. coli was 

occurred at an electrolysis time of 21.12 min. It has been 

determined that the inactivation model was compatible with 

the Double Weibull model. As a result, a hybrid electrode 

connected electro-disinfection process could be a reliable 

approach and a significant alternative to conventional 

methods for E. coli inactivation from water/wastewater. 
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Abstract: Biometric person recognition systems are becoming increasingly important due to 

their use in places requiring high security. Since it includes the physical and behavioral 

characteristics of people, the iris structure, which is a traditional person recognition system, 

is more secure than methods such as fingerprints or speech. In this study, a deep learning-

based person classification/recognition model is proposed. The Gesture Recognition and 

Biometrics ElectroMyogram (GrabMyo) dataset from the open access PhysioNet database 

was used. With the 28-channel EMG device, 10 people were asked to make a fist movement 

with their hand. During the fist movement, data were recorded with the EMG device from 

the arm and wrist for 5 seconds with a sampling frequency of 2048. The Empirical Mode 

Decomposition (EMD)) method was chosen to determine the spectral properties of EMG 

signals. With the EMD method, 4 IMF signal vectors were obtained from the high frequency 

components of the EMG signals. The classification performance effect of the feature vector 

is increased by using statistical methods for each IMF signal vector. Feature vectors are 

classified with CNN and LSTM methods from deep learning algorithms. Accuracy, 

Precision, Sensitivity and F-Score parameters were used to determine the performance of the 

developed model. An accuracy value of 95.57% was obtained in the model developed with 

the CNN method. In the LSTM method, the accuracy value was 93.88%. It is explained that 

the deep learning model proposed in this study can be effectively used as a biometric person 

recognition system for person recognition or classification problems with the EMG signals 

obtained during the fist movement. In addition, it is predicted that the proposed model can 

be used effectively in the design of future person recognition systems. 
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1. INTRODUCTION 

 

Electromyography (EMG) is a test used to measure the 

electrical activity of muscles. When muscles contract, 

muscle fibres produce electrical signals. By measuring these 

signals, EMG can give information about how well the 

muscles are working and whether the nerves are sending 

signals to the muscles.(Phinyomark et al., 2011; Shin et al., 

2017) "Electro" means muscles and "myography" means 

measuring the activity of muscles. EMG works by recording 

the electrical signals that muscles in the body produce during 

their contraction. Muscles are controlled by nerves, and 

nerves transmit electrical signals to the muscles from the 

brain, making them move. EMG records the electrical 

signals obtained from these muscles using small metal 

electrodes called electrodes. Electrodes are placed on the 

skin surface and detect the electrical activity from the 

muscles. They are used for many diseases, especially 

Peripheral neuropathy, Muscular dystrophy, Myoclonus, 

Shivering, Amyotrophic lateral sclerosis (ALS), 

Polymyositis, Rheumatoid arthritis, Muscle injuries. EMG is 

performed by a neurologist or physical therapist(Shioji et al., 

2018; Taşar, 2022; Venugopalan et al., 2015).  

 

Person recognition systems are technologies used to 

authenticate, recognize or classify a person. These systems 

perform the recognition process using a person's unique 

physical or behavioural characteristics. There are different 

types of person recognition systems used to recognize 

people. Biometric Identification Systems is the process of 

https://dergipark.org.tr/en/pub/@aalkan
https://orcid.org/0000-0002-5725-148X
https://orcid.org/0000-0002-2285-5160
https://orcid.org/0000-0003-0857-0764
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authenticating or recognizing people using their unique 

physical or behavioural characteristics(Fan et al., 2022; Kim 

& Pan, 2017). Individuals are recognized using different 

biometric features such as fingerprint recognition, face 

recognition, iris recognition, retinal scan, finger vein, hand 

geometry, voice recognition and gait biometrics(Morikawa 

et al., 2019). 

 

Face Recognition Systems, Face recognition systems are a 

type of biometric recognition that performs authentication or 

recognition using people's faces. Face recognition classifies 

or matches people using the unique features and structures of 

the face. Fingerprint Recognition Systems, Fingerprint 

recognition is authentication or recognition using the 

fingerprints of people. Fingerprints are different for each 

person, thanks to the unique patterns on the outer surface of 

the fingers. Voice Recognition Systems: Voice recognition 

systems perform authentication or recognition processes 

using people's voices. Persons are recognized using their 

speaking styles, tones, and other vocal features. Retinal 

Scanning Systems: Retinal scanning is a type of biometric 

recognition used in person recognition using unique vascular 

patterns in the retinal layer of the eye. Finger Vein 

Recognition Systems, Finger vein recognition is 

authentication or recognition using vein patterns on the inner 

surface of the fingers. Hand Geometry Recognition Systems 

classify people using features such as hand geometry, the 

general shape of the hand, and the lengths of the fingers(Gui 

et al., 2019; Kim et al., 2021; Lu et al., 2020). 

 

Person identification systems are used in security, access 

control, fraud prevention, person identification and other 

applications. However, it is important that these systems are 

implemented with ethical and confidentiality issues in 

mind(Jamaluddin et al., 2023; Kang et al., 2023). 

Appropriate measures should be taken to ensure the security 

of personal data and prevent misuse. There are very few 

studies of person identification/classification using EMG 

signals in the literature. For person classification problems, 

machine learning algorithms are generally used together with 

the method of determining the spectral properties of EMG 

signals. A feature vector can be obtained by methods such as 

the Fast Fourier Transform (FFT), DWT, EWT. It can be 

classified by methods such as Artificial Neural Network 

(ANN)(Shin et al., 2017), Support Vector Machines 

(SVM)(Raurale et al., 2021; Shin et al., 2017), Multi-Layer 

Perception (MLP)(A. Raurale et al., 2020; Raurale et al., 

2021), Decision Tree (DT)(Ramírez-Arias et al., 2022).  

 

Kim et al.(Kim & Pan, 2017) proposed a person 

classification study using EMG signals of different wrist and 

hand movements and SVM and kNN algorithms. In his 

study, he achieved 86.66% accuracy. Raurale et al. (Raurale 

et al., 2021)proposed EMG signals of eight different arm 

movement activities from five volunteers for person 

classification. Accuracy values were 90.2% with the DT 

method, 91.6% with the MLP method, 91.3% with the SVM 

method and 91.7% with the ANN method. Shin et al.(Shin et 

al., 2017) obtained 87.1% accuracy in person classification 

problems with EMG signals using the SVM algorithm. Shioji 

et al. (Shioji et al., 2017) obtained an average accuracy of 

94.5% with the proposed method using the CNN model. The 

aim of this article is to look into the capabilities of sEMG 

signals, electrical signals produced by various muscle 

actions. This study also explores how well the EMD 

approach can identify people. The suggested methodology is 

anticipated to significantly improve issues with biometric 

person recognition. 

 

2. MATERIAL AND METHOD  

 

In this study, the feature vector of EMG signals was found 

by using the EMD method and statistical parameters. A 

person recognition/classification model has been developed 

with CNN and LSTM methods, which are deep learning 

algorithms. 

 

2.1. Dataset 

 

In this study, the Gesture Recognition and Biometrics 

ElectroMyogram (GrabMyo) dataset from the open-access 

PhysioNet database was used (Pradhan et al., 2022). A 

personal recognition model was developed (Fig.1). Data 

were recorded with the EMG device for 5 seconds at a 

sampling frequency of 2048 Hz (Figure 3). Each person 

repeated the fist movement of the hand seven times. 

 

 
 

a b 
 

Figure 1. (a) Fist gesture of the hand, (b) EMG measurement 

regions 

 

The data obtained from each channel was divided into 500 

ms (1024 samples) windows and 4 level IMF components 

were analysed by EMD method. 

 

2.2. Feature Extraction 

 

Huang et al. The Empirical Mode Decomposition (EMD) 

method proposed by(Huang et al., 1998) is a method 

developed to analyse nonlinear signals (Mishra et al., 2016). 

It is a method that can be decomposed into frequency 

subcomponents (IMF) when applied to complex signals with 

the EMD method. It is used in the analysis of biomedical 

signals because it preserves the characteristics of the input 

signal after decomposition into sub-bands (Huang et al., 

1998). 

In this study, 4 levels of IMF components were obtained in 

the EMD method applied to the EMG input signal. The 

highest frequency components IMF0, IMF1, IMF2 and IMF3 

levels were used to create the feature vector (Fig.2). 

 



Bilge International Journal of Science and Technology Research 2023, 7(2), 156-161 

158 

 
 

Figure 2. Four IMFs levels of EMD 

 

In biometric person classification problems, the properties of 

time and frequency components in EMG signals affect the 

success of the model(Khan et al., 2020). The feature vector 

to be obtained will be determined by the EMD method with 

4 IMF components whose dimensions are the same as the 

input signal. Seven statistical methods were chosen to 

characterize the frequency behaviour of signals in the IMF 

components(Albaqami et al., 2021; Gaso et al., 2021). 

 

1. The mean of the absolute value of each IMF signal 

𝜇 =
1

𝑁
∑|𝑦𝑖|

𝑁

𝑖=1

 

2. Standard deviation of each IMF signal, 

𝛿 =  √
1

𝑁
∑((𝑦𝑖 − 𝜇))

2
𝑁

𝑖=1

  

3. The skewness of each IMF signal, 

∅ =  √
1

𝑁
∑

(𝑦𝑖 − 𝜇)3

𝛿3

𝑁

𝑖=1

 

4. Kurtosis of each IMF signal 

∅ =  √
1

𝑁
∑

(𝑦𝑖 − 𝜇)4

𝛿4

𝑁
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5. The median of each IMF signal 

𝑀𝑒𝑑𝑖𝑎𝑛 =  {

(𝑁 + 1)

2
, 𝑊ℎ𝑒𝑛 𝑁 𝑖𝑠 𝑜𝑑𝑑

𝑁

2
+  

(𝑁 + 1)

2
, 𝑊ℎ𝑒𝑛 𝑁 𝑖𝑠 𝑒𝑣𝑒𝑟

 

6. RMS values of each IMF signal 

𝑅𝑀𝑆 =  √
1

𝑁
∑ 𝑦𝑖

2

𝑁

𝑖=1

 

7. The ratio of the average absolute values of the coefficients 

of the adjacent IMF signal 

𝑋 =
∑ |𝑦𝑖|𝑁

𝑖=1

∑ |𝑧𝑖|𝑁
𝑖=1

 

 

3. RESULTS 

 

The model developed in this study was implemented in the 

Python programming language and in the Spyder editor. 

Deep learning algorithms were implemented using 

Tensorflow and Keras libraries. 

Data were collected with the bio-armband sensor placed on 

the wrists and arms of 10 different volunteers by making a 

fist movement of the hand. The obtained data were separated 

into 4 different frequency sub-bands with the EMG 

algorithm and a feature vector was obtained with statistical 

methods. Classification was done with CNN and LSTM 

methods, which are deep learning algorithms. 85% of the 

dataset was used as training data and 15% as test data. 

 

 
 

Figure 3. Architecture of the personal classification method 

 

The classification model of the feature vector obtained by 

EMD and statistical parameters with CNN and LSTM deep 

learning algorithms is shown in Figure 3. 

With the 28-channel EMG device, 10 different volunteers 

made fist movements for 5 s, and EMG signals were obtained 

with the bio-armband sensor. The data set was created by 

repeating the fist movement of each volunteer hand 7 times. 

Signals were collected with a sampling frequency of 2048 

Hz. 

 

The signals obtained from each volunteer were divided into 

500 ms (1024 samples) long windows and analysed. The 

highest 4 level IMF coefficients of the input signal were 

calculated with the EMD method. In order to characterize the 

properties of these coefficients, the Mean, Standard 
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deviation, Skewness, Kurtosis, Median, RMS and Ratio of 

absolute mean values of each IMF vector were calculated 

and a feature vector was obtained to classify with CNN and 

LSTM methods from deep learning algorithms. 

 

The resulting feature vector was first classified by the CNN 

method. The CNN algorithm generally consists of three main 

layers. The first layer, the Convolutional layer, forms the 

main layer of the model. The main task of the first layer is to 

calculate the features from the input data. The second layer 

pooling layer performs less computation by reducing the 

number of parameters used in the model. The third layer, 

Fully-connected layer, is used to connect each neuron in the 

previous layer to the next layer. 

 

In the model developed with the CNN method, 2 

convolutation layers and 3 fully-connected layers are used. 

In the output layer, the softmax function is chosen as the 

activation function and ADAM is chosen as the optimization 

function of the model. 

 

In order to compare the results obtained with the CNN 

model, the second classification method was classified with 

the LSTM algorithm. The LSTM algorithm is a special type 

of RNN model developed by Hochreiter & Schmidhubert at 

the end of 1990, which is applied for the analysis of 

sequential data. 

 

In the LSTM model, each block consists of three layers: 

forget input and output. The forget layer uses the sigmoid 

function to decide which of the input signals to delete. In the 

second layer, the input signals are updated using the sigmoid 

and tanh functions. By using the tanh function in the output 

layer, it provides learning by the model in a way that 

minimizes the difference between the training values and the 

output values. 

 

In the LSTM model implemented in this study, the LSTM 

layer consisting of 100 blocks was first created. 2 Dense 

layers (1st Dense layer 60 neurons, 2nd Dense layer 30 

neurons) were used to transfer information between layers. 

In the last layer, the output values of each class were obtained 

with the softmax function used in multiple classification 

problems. 

 

In this study, accuracy, precision, sensitivity and F-score 

parameters were used to evaluate the classification 

performance of the feature vector obtained by the EMD 

method. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Model performance for personal classification 

 

 CNN LSTM 

Accuracy %95,57 %93,88 

Precision %95,65 %94,15 

Sensitivity 

(Recall) 
%95,57 %93,82 

F-Score %95,58 %93,86 

 

After running 100 iterations with the CNN algorithm and 200 

iterations with the LSTM algorithm, the accuracy, precision, 

sensitivity and F-score values are shown in Table 1. In the 

proposed method, it is seen that CNN and LSTM methods 

make classification with high accuracy. However, with the 

CNN method, higher classification performance was 

obtained with an accuracy rate of 95.57%. 

 

4. DISCUSSION AND CONCLUSIONS 

 

In this study, a nonlinear model was developed for person 

classification problems by using the EMG signals obtained 

with the fist movement of the hand. In both proposed models, 

person classification can be made with high accuracy. In 

Table.2, it is seen that higher accuracy was obtained than the 

related studies. 

In the biometric person classification model, the 

physiological EMG signals that occur in the wrist and arm 

muscles during the voluntary behavioural fist movement of 

the individuals are non-reproducible. Since both behavioural 

and physiological features are used in person recognition 

with EMG signals, it provides much higher security than 

existing traditional methods. 

 

Table 2. Personal classification comparison experiment 

 

Reference 
Classification 

method 

Account 

of 

pattern 

Accuracy 

Shin et al. (Shin 

et al., 2021) 

SVM 

(Cubic) 
5 %87,1 

Khan et al. 

(Khan et al., 

2020) 

SVM 

kNN 

DT 

10 %95,3 

Shioji et al. 

(Shioji et al., 

2017) 

CNN 3 %94.6 

Li et al. (Li et al., 

2020) 
SVM 10 %98,2 

Raurale et al 

(Raurale et al., 

2021) 

DT 

5 

%90,2 

MLP %91,6 

SVM %91,3 

RBF-NN %91,7 

Morikava et al 

(Morikawa et al., 

2019) 

CNN 6 %47,6 

Ryohei Shioji et 

al. (Shioji et al., 

2018) 

CNN 8 %94,6 

Proposed 
CNN 

10 
%95,57 

LSTM %93,88 
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The model developed in this study will provide safer access 

with the use of banks, military zones, R&D centres and 

places requiring high security. It can be said that EMG, 

which is a safer person recognition method than traditional 

methods such as face recognition and iris recognition, will 

be safer by using electrical signals and behavioural and 

physiological features. 
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Abstract: Yachts are vessels built for especially recreational cruises or racing using sails or 

engines. These types of vessels are built for private use or charter activities and are generally 

associated with wealth, luxury, better living conditions, society, and of course remarkable 

expenses while operating. In literature, there are limited studies concerned with the yachts in 

terms of their perceptions. This study tried to figure out the perceptions of yachts by non-

owners. A face-to-face survey consisting of 28 questions (yes/no, priority order, and Likert 

scale) was performed for 251 participants. According to the results, the yacht was perceived 

as a luxury vessel that shows better living rather than necessity. Furthermore, the length of 

the yacht, especially when the super or mega-yachts were considered, was interpreted as an 

indicator that shows the social belonging and economic purchasing power of the surveyed 

people. Composite is the lesser-known construction material that attendees preferred while 

steel and wood are the first two. The Interior of the yacht attracts more attention than the 

exterior while imported materials or goods are the prominent choice for interiors. 

Functionality and safety were identified as two of the main properties of the yacht. 
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1. INTRODUCTION 

 

Yachts are vessels built not only for cruising but also for 

entertainment or racing. The term yacht was initially used to 

address the sailing world but then extended to cover 

motorboats which are being used for pleasure cruises (Fricke 

and Bronsart, 2012). There is an interchangeable use of the 

terms for yacht and boat, but size and luxury are assumed as 

the distinctive factors for the yachts. However, boatbuilding 

dates back to 4500 years (Köküöz and Örs, 1995), and the 

history of yachting starts from the 17th century and can be 

divided into two; the first period (from the beginning of 1600 

to 1815) and the modern era (up to time) (Clark, 1903). And 

technological developments are unveiled as the door to a new 

age through the transformation of building technologies and 

used materials, tools, equipment, etc. 

 

Nowadays, vehicles are essential not only for individuals but 

also for commercial activities. But luxury is one of the key 

factors for consumers who are willing to have unique 

products. From past to present, luxury is associated not only 

with vehicles but also with everything that can be bought. 

And the yacht is one of these vehicle types purchased by 

customers who generally have high purchasing power. 

According to Aydin (2012) yachts, especially semi or custom 

super or mega yachts are the peaks for the luxury of the high-

end sector. Custom-built yachts are generally constructed by 

the demand and are user-centered, designed to fulfill the 

needs and lifestyle of the users (Ergul, 2017). Customization 

is a reflection of lifestyle, and custom-built yachts express 

the social standing, aesthetics, and dignity of the owners 

(Changxue et al., 2012) in terms of wealth. Design, 

consumer, preference, and rational choice in consuming 

theory, admiration, necessity, purchasing power, 

channelization or tendency, and production restraints can be 

assumed as the main factors that form the reflection. Also, 

the effects of these factors on the life cycle of a final product 

can be considered another issue that influences the 

environment. 

 

Purchasing power does not mean that the consumers must 

buy the vessel because renting or chartering a yacht is the 

fundamental in business activity of post-production in this 

high-end sector. And, according to Blundel and Thatcher 

(2005) chartering or renting sector became a global partner 

that shapes the nature of demand because of an increase in 

disposable income, a decrease in the cost of airfare, desirable 

exchange rates in destinations, activity-based vacations, etc. 

Furthermore, yacht clubs are another important party that 

provide involving opportunities for non-yacht owners to this 

https://dergipark.org.tr/tr/pub/@murataydin
mailto:murataydin@isparta.edu.tr
https://orcid.org/0000-0002-3015-1868
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culture and potential of sharing awareness. But whether is 

owned or rented, using such a vehicle expresses meanings to 

the community. And, wealth and luxury are the main 

associations of these vessels as Tokol (2010, 2013) says. 

Also, Dear and Kemp (2005) and Simpson and Weiner 

(2001) stated that yachts are being used by the “important 

person” for pleasure while cruising. Khufu, the ancient ship 

that dates to 2500 BC, is one of the best examples that 

express “important person” and power not only in the social 

and economic but also political manner. 

 

Kan and Nas (2014) evaluated the effect of various factors 

on the purchase decision for motor or sailing yachts. And, 

according to the results, speed, width, and comfort are the 

first three factors for purchasing a motor yacht. On the other 

hand, width, comfort, and safety are for purchasing a sailing 

yacht. Furthermore, personal characteristics, product 

properties, and sociocultural effects are assumed as some of 

the variables that define the yacht type while making a 

purchase decision. 

 

Yachts are specific vehicles for some individuals. Design, 

durability, comfort, speed, size, types, costs, etc. for the 

construction, and wealth and sense of belonging for the 

society are some of the prominent factors for the yachting 

world. However, the fact is that what normal people think 

about these factors and so on. Therefore, this study tried to 

figure out the perception of yachts by the non-owners in 

terms of yacht type, the relationship between the product and 

person, construction material, priorities for functionality, 

comfort, aesthetic, safety, durability, interior or exterior 

designs, and such common-sense such as purchasing power, 

length, operational costs, the effect of society or popular 

culture. Furthermore, it’s thought that the results of this study 

might provide some comparative data in the field of 

yachting. 

 

2. MATERIAL and METHOD  

 

To evaluate the perception of the yachts, a questionnaire, by 

face-to-face method, was performed with randomly selected 

people who have never owned a boat or a yacht and had 

undergraduate or upper-level education. Furthermore, the 

target population of the study did not consist of businessmen 

or entrepreneurs. They can be assumed as middle income 

when their professions were taken into consideration. 

However, the income of the surveyed people was not asked 

in the survey. The survey was performed in the city of Isparta 

which has 421766 (Turkish Statistical Institute, 2020) 

habitats for the year 2015. The percentage of the survey 

sample was 95 %. Eq. 1 (Yamane, 2001) was used to 

determine the sample size. Eventually, sample size (n) was 

determined as around 250. 

 

𝑛 =  (𝑍2 × 𝑁 × 𝑃 × 𝑄) ÷ (𝑁 × 𝐷2 + 𝑍2 × 𝑃 × 𝑄)           (1) 

 

Where; Z is the confidence coefficient (1.96 for α = 95 %), 

N is the population size, P is the confidence level (95 %), Q 

is (1-P), and D is the confidence interval or margin of error 

(2.7 %).  

 

The questionnaire, presented in the appendix, consisted of 

multiple-choice, five points Likert scale, and priority 

questions (total of 28) to figure out the perceptions of the 

population. The applicants’ interest in yachts was evaluated 

by asking about the yacht types, construction materials, and 

priorities for functionality, comfort, aesthetics, safety, and 

durability. Besides, the following 14 main investigations 

(MI) were evaluated by the population.  

 

MI-1: Are the yachts luxury vessels?  

MI-2: Is yacht ownership a necessity? 

MI-3: Yacht ownership is an indicator of better living 

conditions. 

MI-4: Yacht ownership means a more comfortable life. 

MI-5: You must have high purchasing power for yacht 

ownership. 

MI-6: The length of the yacht means more recreation space. 

MI-7: More the length more the guest entertainment 

MI-8: Purchasing price and operational costs increase with 

the increase in length. 

MI-9: There is a direct relation between the length and 

purchasing power. 

MI-10: There is a direct relation between the length of a 

yacht and social belonging. 

MI-11: Do social surroundings, fairs, etc. organizations 

cause cognitive channelization on yacht ownership? 

MI-12: Fashion and popular culture have effects on yacht 

ownership. 

MI-13: Fashion is dominated by people who have high 

purchasing power.  

MI-14: Yachts are generally owned by males but are 

effectively used by females. 

 

Before performing the survey, a pilot application was done 

to enhance the apprehensibility by correcting or rearranging 

the questions. Eventually, a total of 251 surveys were 

performed and descriptive statistics were presented to figure 

out the main investigations using graphs and tables. 

 

3. RESULTS and DISCUSSION 

 

The gender of the subject groups was almost equal (49 % 

male and 51 % female) and 82.1 % of them stated that they 

would like to have a boat. However, 17.9 % of the subjects 

stated that they want neither a boat nor a floatage. As seen in 

Figure 1, sailing (21.5 %), motor (20.7 %), and catamaran 

(15.5 %) were the top three types of the yacht that desired to 

have. 

 

 
Figure 1. Frequencies for the Desired Yacht Types 
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According to Solomon (2019) self-concept (Product 

supports to form of user identity), nostalgia (products serve 

as a connection with a past self), interdependence (products 

are part of the owners’ daily routines), and love (strong 

emotional bonds elicited by a product) are some of the 

relationship types that a person might have with a product. 

As seen in Figure 2, the order of the four different consumer 

types of subjects was defined according to this relationship: 

interdependence (38.2 %), self-concept (31.9 %), nostalgia 

(17.5 %), and love (10.8 %). Four of the subjects (1.6 %), 

among those who do not want any, did not specify their 

properties. Furthermore, the yacht preferences of the subjects 

in terms of consumer types are presented in Figure 2. The 

motor (41.7 %), sailing (28.7 %), sailing (45.4 %), and motor 

(29.6 %) yachts were the top choices of the consumer types, 

respectively. Sailing and motor yacht preferences of the 

subjects who identified themselves as nostalgic and 

interdependent were meaningful due to today’s conditions. 

  

 
 

Figure 2.  Consumer types and their yacht type preferences 

(Frequencies) 

 

Steel, wood, aluminum, and composites are the main yacht 

building materials. Construction of a yacht can be done by 

the standalone or a mixture of these materials. Choosing the 

proper material is a crucial issue not only for structural 

purposes but also for performance by reducing the weight, 

cost, practicability, availability, etc. But, in this study, 

building material was not asked in this manner; just it was 

intended to figure out the attitude of subjects. Subjects were 

asked “Is yacht building material important for you? If yes 

please make the order of priority”, and 167 (66.5 %) of 251 

subjects stated that yes, it is, and as seen in Table 1, steel and 

wood are the foremost choices. Furthermore, the distribution 

of the preferences for building materials according to gender 

is presented in the table. Also, 80 and 4 of 251 subjects 

marked the “no” option and did not present an opinion, 

respectively. It is thought that composite is not a well-known 

material by an ordinary human being. However, when the 

education level of the subjects was taken into consideration, 

it was thought that they would hear it in any conversation. 

Anyhow, perception of robustness and awareness may be 

some of the main motives for preferring steel and wood as 

top choices, respectively. 

 

Wood, before BC to today, is being used for a great variety 

of purposes such as nutrition, housing, heating, 

transportation, consumer goods, and art or craft. And, the 

ancient vessel, Khufu, is one of the oldest and best examples 

of this. As stated in the study performed by El Hadidi (2005), 

the great majority of the vessel was constructed using Cedrus 

libani wood. According to Wegner (2017) long-life and 

durability properties of cedar were taken into for the 

construction of royal funerary boats. Furthermore, edge-

joinery with Mortise-Tenon joint technique was used for the 

construction of the Khufu hull planks, and planks from 

coniferous species swell around Tenon for a tighter fit when 

the wood is wet (Mark, 2014). And, this enhances the 

structural durableness. As it is understood, wood is a 

traditional construction material in boat building, and with 

advances in nowadays technologies, the physical and 

mechanical properties of solid wood material can be 

improved by some modification methods. Also, the natural 

or engineered growth of trees provides sustainable and 

renewable construction material for different industries such 

as boat-building. Furthermore, engineered wood products 

such as plywood are of great interest in construction. 

Anyhow, they still have some disadvantages for the 

devastating environment such as marine and need to be 

protected. Ultraviolet (UV) is one of them and Ulay and 

Çakıcıer (2017) evaluated the effects of UV on varnished 

Iroko and Ashwoods that were used for boat construction. 

Furthermore, Ulay et al., (2016a) mentioned some 

significant issues for yacht interior production. Apart from 

solid wood used for interior production, composite materials 

will get a significant share in the future of marine 

construction due to the lightness, ease of production, 

durability, and strength properties (Koci, 2017) even if they 

have some major restrictions. Furthermore, carbo-epoxy 

resin, developed for aviation purposes, is used to build 

transoceanic racing yachts (Baley et al., 2014). 

 

Table 1. Order of the construction material preferences 

 

No Material 
Priority preferences ((Male+Female)xPoint) 

Total 

Points 

1st (4 P*) 2nd (3 P) 3rd (2 P) 4th (1 P)  

1 Steel (47+36)x4* (28+28)x3 (8+16)x2 (12+0)x1 560 

2 Wood (40+32)x4 (4+16)x3 (43+16)x2 (8+12)x1 486 

3 Aluminum (0+4)x4 (36+16)x3 (26+28)x2 (33+28)x1 341 

4 Composite (8+8)x4 (27+16)x3 (18+18)x2 (42+36)x1 339 

Note: P* means Points. 

 

As in other vehicles, there are two main focuses of interest 

of yachts; interior and exterior. However, a great majority of 

yachts are white even if they have stunning exterior styles. 

Besides, the exterior of a yacht is particularly related to 

seaworthiness instead of consumer demand. On the contrary, 

except for the structural requirements, living spaces, and 

their arrangement require not only the customer demands but 

also conceptualization of the spaces according to budget, 

perception of the volume, anthropometry, and materials. 

According to Özer and Tokol (2021) forming the structure of 

the interior space of a yacht is directly related to interior 

equipment. Furthermore, material choices can be limited due 

to the regulation of the construction activity. The selection 

of interior decorative material and furniture is touchy 

because the interior of a yacht is one of the most time-spent 

places. Moreover, Aydın (2015) figured out that the design 

phase of a yacht plays a critical role in the material selection 

for the interior and provides significant contributions to the 

local supplier if the domestic goods are chosen. It is because; 

around 79 % of the firms located in the Marmara region 

manufacture order-type custom-design interiors (Aydın and 

Koç, 2015). However, achievements in yacht building and 
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interior production were not similarly repeated for luxury 

yacht interior design (Aydın and Yılmaz Aydın, 2016). 

 

According to Campolongo (2017) recreating the family or 

home atmosphere was the topmost aim of yacht interior 

design for the beginning of the 20th century. Furthermore, 

traditional wooden interiors reflected the prestige of these 

boats. As seen in Figure 3, the interior of the yachts was 

indicated as the first priority (50.2 %) and women (54.8 %) 

paid more attention to interior priority.  

As seen in Figure 3, 60.2 % of the subjects stated that they 

would choose imported fittings, equipment, and accessories. 

This fact may be due to the perception of the import products 

in Turkey because they are assumed as highly valued and 

prestigious not only for a yacht but also for other industrial 

products by marketing tactics (Gürler, 2013). In support of 

this, activities such as conceptual, structural, interior, and 

exterior designs, building, interior production, materials, and 

equipment or tools in the yacht building industry are 

dominated by a few leading industrialized countries (Aydın 

and Yılmaz Aydın, 2019). 

 

As seen in Figure 3, the great majority (84 %) of the subjects 

expressed that admiration for the yachts arises from 

individual psychology. Admiration in the communal-

sociological was 12.8 % while 3.2 % were hesitant. 

 
 

Figure 3. Priority for the interior or exterior, the choice of 

interior materials or goods, the formation of yacht applause 

(Frequencies) 

 

Priority for the functionality, comfort, and aesthetics in the 

interior was evaluated by 127 of 251 subjects who stated that 

the interior of the yacht is precedence. According to results 

seen in Figure 4, functionality is placed on the top by 305 

points while comfort was second by slightly lower points. In 

the yacht-building industry, the type of yacht may play a 

critical role in functionality. For example, functionality is at 

the forefront in sailing yachts due to hull geometry. On the 

contrary, comfort is at the forefront in motor yachts due to 

the relatively big spaces provided by hull design. Flush 

decks, cramped cabins, and small wet areas with low-height 

ceilings are some of the essential factors for uncomfortable 

interiors of sailing yachts (Felek, 2020). However, according 

to Kan and Nas (2014), speed and comfort are some of the 

main factors for choosing a motor yacht, but comfort is the 

common factor for choosing both motor and sailing yachts. 

 

Ergonomics or human factors engineering, function, shape, 

and material which form the basis of design concepts are the 

most important design criteria that influence the relationship 

of the equipment with the area they are in and the user they 

serve (Özer and Tokol, 2021). Meunier and Fogg (2009) 

reported that comfort, high-quality interior, and performance 

are related to design. Furthermore, the number of hulls is 

another important factor that influences the handling, 

performance, and spatial comfort of a yacht and this is an 

essential factor that affects the user or owner's expectations 

and preferences (Tokol, 2020). Considering the noise and 

vibration damping tools and materials is another key factor 

in the design phase to provide more comfortable interiors not 

only for the motor but also for sailing and other types of 

yachts (Aydın et al., 2016). However, both functionality and 

comfort are also related to the budget. Furthermore, 

according to Kan and Nas (2014) cost is another important 

factor for sailing yacht owners. And, when the choices of the 

subjects (21.5 % sailing and 20.7 % motor yachts) were 

taken into consideration, the order of the choices became 

meaningful. 

 

 
 

Figure 4. Priority for the functionality, comfort, and 

aesthetic in the interior of a yacht in terms of gender 

(Frequencies) 

 

Priorities for the safety, durability, functionality, and 

aesthetics in yacht preferences according to gender are 

presented in Figure 5. Outfitting, comfort, and safety are the 

determinants for a floating living space or vessel (Göksel, 

2006) and safety was the supreme preference factor with 890 

points and followed by durability (688 points), functionality 

(495), and aesthetics (397). It’s thought that perceptual 

reasoning may play a critical role in establishing a 

relationship between safety and steel which was expressed 

as the first choice for the construction material of a yacht. 

Therefore, choosing safety as the first choice was reasonable. 

 

 
 

Figure 5. Priority for the safety, durability, functionality, 

and aesthetics in yacht preference in terms of gender 

(Frequencies) 

 

Turkey has lots of attractive tourism destinations due to its 

geographic and climatic properties. Turkish coastline (over 

eight thousand km) offers safe and unique blue voyages not 
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only for foreign visitors but also for domestic tourists. 

Providing sufficient and quality conditions for the yachting 

is important for providing foreign currency inflow when the 

nature of the yachting is taken into consideration. However, 

there were only 83 marinas in Turkey by the end of the year 

2018 while around 5000 were in Europe (DTO, 2019). 

Progress from the beginning of 2000 was significant because 

there were only 25. However, according to Öztürk et al. 

(2013) the main problem in Turkish marinas is excess 

capacity due to lack of required marina. Another important 

factor besides the capacity is that such societies seek 

prestigious marinas. More than half (53.8 %) of the subjects 

stated that marinas in Turkey are insufficient in terms of 

capacity while 25.9 % of them were neutral. However, this 

query requires knowledge not only about the capacity and 

properties of the marinas but also the size and number of the 

registered domestic and visiting vessels. Furthermore, this 

issue is not directly related to the perception of yachts and 

should be evaluated by another study. Anyhow, facilities 

especially in the Aegean and Mediterranean region in Turkey 

are top class and safe both for the vessels and tourists but 

must be supported by at least the same quality individual or 

public marinas. Furthermore, the new or planned expansion 

of ports and marinas for the Sea of Marmara and Black Sea 

coastlines may help to transform Turkish yachting into a 

major destination for tourism (Sariisik et al., 2011). As 

Ioannidis (2019) expressed; yachting tourism provides 

pronounced contributions to the local and state economy 

through the coastal lines. Out of providing tourism activities 

by Yachting, another important contribution to the economic 

field is the building activities by the main and supporting 

industries. To improve the contributions to all partners, the 

perception and accessibility of such vessels must be changed 

and widened to middle-income families, respectively. 

Therefore, ownership of serial production yachts should be 

encouraged due to relatively low purchasing and operational 

costs. For example, Ulay et al., (2016b) compared the 

interior production properties for traditional and computer 

aided manufacturing.  

  

Yachts are associated with lux and wealth (Tokol, 2010, 

2013), and according to results of 1st and 5th MIs seen in 

Table 2, 95.6 % and 68.2 % of the subjects agreed that the 

yachts are luxury vessels, and in such a high-end sector, 

purchasing a yacht requires high income, respectively. 

However, there are typical differences between the serial and 

semi-custom or custom yachts, and particularly custom-built 

yachts are assumed as a wealth indicator. Anyhow, owners 

of serial productions such as Ferretti, Azimut, and Beneteau 

take part in a certain social class or society (Gürler, 2013). 

Even if the majority of the subjects agree on high purchasing 

power is required to own a yacht, a considerable amount of 

the subjects (30.2 %) disagreed with this expression. 

Furthermore, reasons for disagreeing are presented in Figure 

6. Anyhow, the fact is that ownership of a luxury and large 

yacht requires high purchasing power. 

 

 

Table 2. Main investigations for the non-owners’ perceptions of yachts (frequencies for 5 points likert scale) 

 

Main Investigations (MI) Definitely 

Agree 

Agree Neutral Disagree Definitely 

Disagree 

1-Are the yachts luxury vessels? 137 (54.6)* 103 (41) 11 (4.4) - - 

2-Is yacht ownership a necessity? 4 (1.6) 12 (4.8) 43 (17.1) 115 (45.8) 77 (30.7) 

3-Yacht ownership is an indicator of better living 

conditions. 

99 (39.4) 89 (35.5) 28 (11.2) 28 (11.2) 7 (2.8) 

4-Yacht ownership means a more comfortable life. 67 (26.7) 93 (37.1) 36 (14.3) 31 (12.3) 24 (9.6) 

5-You must have high purchasing power for yacht 

ownership 

90 (35.9) 81 (32.3) 4 (1.6) 44 (17.5) 32 (12.7) 

6-Length of the yacht means more recreation space 44 (17.5) 73 (29.1) 75 (29.9) 35 (13.9) 24 (9.6) 

7-More the length more the guest entertainment 49 (19.5) 82 (32.7) 52 (20.7) 37 (14.7) 31 (12.4) 

8-Purchasing price and operational costs increase with the 

increase in length 

109 (43.4) 119 (47.4) 15 (6) 6 (2.4) 2 (0.8) 

9-There is a direct relation between the length and 

purchasing power 

118 (47) 117 (46.6) 4 (1.6) 9 (3.6) 3 (1.2) 

10-There is a direct relation between the length of a yacht 

and social belonging 

86 (34.3) 122 (48.6) 24 (9.6) 14 (5.6) 5 (2) 

11-Do social surroundings, fairs, etc. organizations cause 

cognitive channelization on yacht ownership? 

24 (9.6) 36 (14.3) 67 (26.7) 79 (31.5) 45 (17.9) 

12-Fashion and popular culture have effects on yacht 

ownership 

83 (33.1) 131 (52.2) 25 (9.9) 8 (3.2) 4 (1.6) 

13-Fashion is dominated by people who have high 

purchasing power. 

56 (22.3) 108 (43) 55 (21.6) 18 (7.2) 14 (5.6) 

14-Yachts are generally owned by males but are effectively 

used by females. 

84 (33.5) 94 (37.4) 52 (20.7) 14 (5.6) 7 (2.8) 

* % percentages. 
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It is obvious that yachts, particularly custom-built ones, are 

not one of the vital or basic needs, and subjects (76.5 %) did 

not agree with the 2nd MI as expected. However, the role of 

an owned product cannot be limited to vitality and 

functionality or making life easier because it represents the 

owner’s reflections in terms of social, cultural, 

psychological, and economic manner. 

 

Better living conditions vary from person to person in terms 

of expectations that are affected by physiology, sociology, 

and economic factors. As seen in the 3rd MI, the majority of 

subjects (76.4 %) agreed that yacht ownership is a better 

living indicator.  

 

In general, comfort is related to what you have and who you 

are. Therefore, having a yacht would enable the owner to feel 

free from the terrestrial dependence and sense the oceanic 

feeling onboard. As seen in the results of the 4th MI, the 

majority of the subjects (63.8 %) agreed that yacht 

ownership means a more comfortable life. 

 

In most cases, dimension is the key element for planning the 

spaces. Therefore, arranging the indoor and outdoor spaces 

depends on the dimension. As indicated with the 6th MI was 

agreed by 46.6 %, and this approximation is valid for lots of 

people. 

 

 
 

Figure 6. Frequencies for the reasons for disagreeing on the 

5th MI 

 

Privately owned or used boats sought to copy a home 

environment (Campolongo, 2017), and yacht owners tend to 

reflect their home interior in the yachts to show their social 

status even while they are on the sea (Lynn, 2010). This 

reflection can be vice versa for example inspiration of a 

costly yacht idea to a hotel design (Tara, 2007). Furthermore, 

according to 10th MI (82.9 %), social belonging or extent of 

reflection was directly related to the length of a yacht. This 

relation may be due to an increase in spaces and the ability 

to accommodate plenty of guests by the increase in length 

and deck number. Regarding this, increases in the spaces 

may provide more entertainment areas, and the results of the 

7th MI (52.2 %) underpin the positive effect of length. 

However, the most affecting factor on the price of a mega 

yacht is the length, and deck number has little effect on the 

overall cost (Akyürek, 2013). 

 

According to the result of the 8th MI (90.8 %), subjects 

agreed that not only the purchasing price but also operational 

costs increase with the increase in yacht length. Apart from 

the individually used boats, the employment of a captain and 

or crew is required for most of the yachts. Furthermore, crew 

expenditure is around 30-40 % of the operational cost of a 

yacht, and as a rule, the operational cost is 10 % of the 

purchase price of a yacht (Newing, 2013). Therefore, if the 

purchasing price increase, then the operational costs increase 

due to 10 % generality. 

 

According to the result of the 9th MI seen in Table 2, 93.6 % 

of subjects agree with relationship between length and 

purchasing power. Furthermore, the increase in cost is 

exponential instead of linear for each meter of any custom-

built yacht (Perignon, 2008). However, the cost of each 

meter of 134 meters yacht built by Fincantieri was not 

reported as exponential due to the 2M USD for each meter  

(Alessandra, 2007). 

 

According to the result seen in Table 2, the 11th MI statement 

was not appreciated by almost half of the subjects. However, 

reading or watching media and visiting boat shows were 

reported as some of the factors that have influences on the 

decision for purchasing a boat (Mills and Hughes, 2014). 

Furthermore, socio-cultural criteria such as preferring to buy 

the objects around a person may provide acceptance by the 

community to feel psycho-sociologically secure (Baykal, 

2006). According to Kuentzel and Heberlein (1997) there is 

a sequential interaction for owning a boat. At first, friends or 

relatives introduce sailing to a person, and gaining 

confidence following to successful experience with cruising 

may result in purchasing a boat. Therefore, yacht clubs also 

may play a critical role in boat ownership. However, a 

significant percentage of the subject, who can turn the scales, 

were hesitant and they might agree with the above literature 

if only the cognitive channelization of the social surrounding 

was asked. 

 

In today’s era of communication, everything happens 

publicly due to sharing over social media. This is one of the 

most up-to-date and effective ways of influencing the 

surroundings. Furthermore, popular culture and fashion 

bombardments make an impression in perceptive advertising 

that causes a demonstration effect. As a result of perceptual 

filtering due to social concern, the instinct of possession may 

rise. In furtherance, the influence of fashion and popular 

culture on yacht ownership is approved by a majority of 

subjects (85.3 %) seen in the 12th MI. However, one of the 

most common facts seen in modern communities is the 

steering the social life by relatively few but dominant 

communities who have high income (Chung and Cox, 1998). 

According to the result seen in the 13th MI (65,3 %), the 

majority of the subjects agree on the “Fashion is dominated 

by people who have high purchasing power” expression. 

 

The engagement of women in every part of life is on the 

increase with the increase in attending working life and 

technological developments. Apart from public transport 

vehicles, driving private vehicles by the woman became 

widespread day by day. Furthermore, such vehicles are 

relatively easy to access for a large segment of the 

population. However, high-end vehicles such as yachts 

(particularly luxury ones) may be excluded. In this sense, 

around 70.9 % of the subjects agreed on the 14th MI (Yachts 

are generally owned by males but are effectively used by 

females), and this may make sense when the wealthy 

businesswoman or leading characters of the societies is 

excluded. Furthermore, such vessels may have spiritual 

meanings such as fertility of soil and female fecundity as 

expressed by Kobyliński and Rabiega (2018). Apart from 
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these exceptions, just taking a seat for an excursion may be 

the context of yachting because as reported in a survey 

performed by Market Solution Pty. Ltd. (2012), sailing is 

predominantly a man’s sport and it’s required to be wealthy 

to deal with it. Because of the deep-rooted yet dehistoricized 

somatic codes, sailing has been assumed as a male-

dominated special interest (Schmitt et al. 2020). To prove 

participation of the woman in yachting should be proved by 

performing a further study evaluating the owner-shipping, 

chartering, skippering, or just attending the cruises or sports 

activities. 

 

The luxury yacht industry, especially for mega yachts, has 

an anti-cyclic and insensitive nature to the negative effects 

of the global economic crisis (Merendino, 2013, 2014). 

Owners of the yachts are entrepreneurs or industrialists that 

have high incomes instead of a member of the royalty or 

Silicon Valley (Kranz, 2008). Purchasing a custom or semi-

custom yacht is a way of differentiation among society 

instead of choosing an existing vessel. For example, mass 

production is an efficient and effective way the production 

of less costly vessels due to standardization but 

customization of the design in the super or mega–yacht 

industry is the way for adding value (Van der Harst, 2020). 

Again, purchasing power is the dominant factor that shapes 

the behavior of customers. However, not only the budget but 

also limitations such as time, and extent or scope define the 

nature of demand. An increase in purchasing power is one of 

the main factors that cause increases in demand for larger, 

faster, and more comfortable yachts. Thus, small and simple 

yachts became large and more technologically developed 

than ever before (Fricke and Bronsart, 2012). However, 

physical and physiological comforts are associated with 

volume arrangement. Furthermore, lighting, sight, the shape 

of volume, and color choice not only define physiological 

comfort but also visual comfort (Di Nicolantonio et al., 

2015). Eventually, the interior of a 45 m yacht can be as 

much as 65 m with an effective design and a proper layout 

(Rover, 2010). The functional design may allow effective 

use of limited spaces to some extent, but more spaces 

provided by enlargement and increasing the decks of a yacht 

mean more entertainment or functional spaces such as a gym, 

sun deck, tender stowage, helipad, etc. 

 

4. CONCLUSIONS 

 

In this study perception of yachts by the non-owners was 

evaluated by the face-to-face survey method. Sailing, motor, 

and catamaran yachts are the top three types that subjects 

were willing to have. Steel and wood, traditional materials, 

are assumed as the primary sources for the yacht building. 

And safety was the first out of the durability, functionality, 

and aesthetic factors for yacht perception. Therefore, it can 

be thought that there was a consistent approach between the 

material and reliability. Furthermore, functionality was one 

step ahead of comfort. This can be due to size and cost 

relation and when the small yachts are taken into 

consideration functionality can be at the forefront. The size 

of a yacht influences the recreational and accommodation 

spaces, building and operational costs, and social belonging. 

Accordingly, as subjects agreed size matters for yacht 

ownership. 

 

The Interior of the yacht and import products for the interior 

was prioritized by the subjects against exterior and domestic 

products, respectively. This can be considered a threat to the 

local industry, but it should be regarded as an opportunity to 

design and manufacture new appliances or products for yacht 

interiors. Furthermore, to increase interest in yachts and 

yachting, and provide economic contributions to all partners, 

interrelated parties should be kept in touch to ensure 

appropriate conditions. 

 

Expect the 2nd and 11th, the acceptance levels of the MIs were 

remarkable. Therefore, yachts are luxury vessels but having 

one is not vital. Yachts are assumed as an indicator of 

comfortable and better living conditions, but you have to 

cover the expenses even if they are anchored. 

 

The order of the consumer types of the subjects was 

interdependence, self-concept, nostalgia, and love in terms 

of the product-person relationship. Subjects’ interests in 

yachts form individual/physiological ways instead of 

communal/sociological ones. This expression was 

moderately supported by the result of the 11th MI because 

around half of the subjects did not agree with the influences 

of the surroundings, fair, etc. on the yacht owner-shipping. 

 

This study was performed with a small number of 

participants who live in the Mediterranean region of Turkey. 

Therefore, it’s important to remark that the results of this 

study may not be representative of the non-owning 

community as a whole. Moreover, further studies performed 

in other regions of Turkey may be useful to reflect the overall 

perception of the Turkish community. 
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Abstract: Biocides and plant protection products have been used in plant tissue culture 

sterilization procedures since they have broad spectrum, are inexpensive and resistant to 

autoclave process. This study aim was to determine the effects of two contamination agents 

on tissue culture conditions. MS medium was supplied with 0.5mg/L 6-benzylaminopurine 

and 0.1 mg/L indole-3-butyric acid as media. PPM (Plant Preservative Mixture) and 

Contaminacide and their three dosages (0, 3 and 6 ml/L) were used for maintaining tissue 

culture aseptic conditions. After plant explant were sow, vessel lids were remained open for 

three days under climate room conditions. Contamination rate and plant growth parameters 

were measured. Contamination did not occur in all dosages of Contaminacide and 6 ml/L 

PPM, although preservation-free and 3ml/L PPM-added media were contaminated. In 

conclusion 3ml/L Contaminacide added media were superior in terms of less preservation 
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1. INTRODUCTION 

 

Sterilization processes are very important for tissue culture 

methods and reproduction procedures. Tissue culture 

methods and propagation stages are the most important 

problems of protection against fungal and bacterial infection 

(Reddy et al., 2021). Inhaled air contains significant 

microbial load due to humidity and temperature factors. 

These factors tend to multiply when suitable conditions are 

provided (Hanif, 2021). Rich sugar sources, high humidity 

and ideal growth conditions from the energy opening in the 

tissue culture medium cause a rapid proliferation of aerobic 

contamination factors. 

 

Contamination losses are between %3 and %15 for each 

subculture stage even in strict sterile tissue culture laboratory 

(Boxus and Terzi, 1987). Plant tissue culture media are 

suitable for the growth of many fungi, yeasts and bacteria 

(Agrios, 1990). Because media for plant tissue culture are 

very similar to fungal media. Plant deaths occur due to some 

phytotoxic metabolites produced by fungi growth such as 

Aspergillus, Alternaria and Penicillium (Xu et.al., 2021). It  

 

is also known that bacterial species with fermentative 

metabolism have pathogenicity mechanisms like fungi and 

yeasts (Leifert et al., 1989b). 

Infected tissue culture vessels and in vitro plants die very 

quickly, especially since airborne microorganisms’ 

reproduction and spread rates of occur faster than plants. If 

the infectious factors are not controlled, it is possible to 

quickly become infected with laminar flow, air conditioners 

and all plants in the laboratory (Kowalik and Grodek, 2002). 

 

Sterilization and disinfection processes are applied to 

prevent contamination under tissue culture conditions. The 

purpose of using sterilization agent is to destroy the 

contaminant, not to prevent the life of the plant to which it is 

applied and not to cause somaclonal variation. The preferred 

sterilization method should be inexpensive, broad-spectrum, 

and the tissue should remain stable in different cultural 

https://orcid.org/0000-0002-3760-2801
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applications. The most used sterilization methods in tissue 

culture laboratories are heat, chemical sterilization and 

filtration methods. Steam sterilization method is widely used 

in the sterilization of nutrient media containers, nutrient 

media contents, metal equipment such as forceps, scalpels, 

and glassware. Hepafilters and injector/pipette tip hepafilters 

used in sterilization of sterile cabin and laboratory air are 

commonly used tissue culture sterilization methods. UV 

used in sterile cabinet sterilization and gamma sterilization 

ray sterilization methods used in sterilization of some 

disposable instruments can be given as examples. Bleach and 

ethanol are the most commonly chemicals in the surface 

sterilization of plant parts (Ahloowalia et. al., 2004). The 

reason why these two chemicals are more preferred in tissue 

culture applications is one of the most preferred methods due 

to the wide range of infection agents it prevents, being 

economical and common usage area. 

 

The high price of antibiotics, the possibility of agents to 

develop resistance to antibiotics and their specific fields of 

action narrows the area of use. The high price of silver 

chloride or the negative effects of mercury chloride on the 

environment and human health also limit the use of these 

chemicals. Therefore, he use of plant protection products or 

biocides in tissue culture applications is becoming 

widespread. In plant tissue culture studies, contamination 

agents are added to prevent the proliferation of unwanted 

microorganisms such as bacteria and fungi from 

contamination by microorganisms. PPM (Plant preservative 

mixture), the most common contamination agent, is a 

solution developed to protect plant material from infection 

by microorganisms. 

 

Prospectus indicates that PPM contains 0.1305% 5-Chloro-

2-methyl-3(2H)-isothiazolone and 0.0459% 2-methyl-

3(2H)-isothiazolone. It is recommended that the storage 

must be at 4°C and usage dose of the product is 0.5-2.0 ml 

PPM per liter. It has been stated that the mechanism of action 

of PPM is both biocidal (>2ml/L medium) and biostatic 

(<2ml/L medium) and protection occurs by targeting the 

basic enzymes in the Krebs cycle and Electron Transport 

Chain. It is stated that the addition of 5-20 ml/L PPM to the 

growing medium is appropriate, and the effect of PPM will 

decrease when exposed to high concentrations of bacteria. It 

is stated in the user manual of Contaminacide that it is 

recommended to use 2-9 mL/L, and it contains non-ionic 

active substance, deionized water and Tween20. 

 

B. monnieri plant extract widely contains different secondary 

metabolites, including saponins, alcohols, steroids, 

alkaloids, glycosides, sterol glycosides, phenylethanoid 

glycosides, sugars, some amino acids, flavonoids, and 

cucurbitaceous (Chakravarty et al., 2002; Rauf et al., 2013; 

Bhandari et al., 2007). Bacopacid, one of the bioactive 

components of B. monnieri, is known to protect the brain 

against oxidative damage and age-related cognitive 

deterioration (Saraf et al., 2011, Mukherjee et al., 2011). B. 

monnieri has a variety of bioactive compounds that are being 

investigated for therapeutic uses. B. monnieri extract is used 

to modulate neuropathological pathways involved in brain 

function and neuroprotection. Active ingredients from B. 

monnieri have been indicated to show possible therapeutic 

intervention against Parkinson's and Alzheimer's diseases. 

There are many studies investigating the effect of PPM, 

which is widely used in plant tissue culture (Compton and 

Koch, 2001; Digonzelli, et. al., 2005; Gu et. al., 2022; 

Miyazaki, et. al., 2010). However, there is no study has been 

found on literature with using Contaminacide on plant tissue 

culture investigation.  

 

In this study, it was carried out to examine the effects of two 

contamination agents used in tissue culture applications on 

contamination formation and plant growth to prevent 

contamination factors during the propagation of Bocopa 

monnieri under tissue culture conditions.  

 

2. MATERIAL AND METHOD  

 

The study was carried out in tissue culture laboratory 

conditions at Çanakkale Onsekiz Mart University, 

Agriculture Faculty, Department of Field Crops. The plant 

species Bacopa monnieri used as plant material was obtained 

from the collection of Margeht Biotechnology Inc. As the 

growing conditions, 24 oC 3.000 lux lighting and 16/8 hours 

light/dark photoperiod conditions were set. B5vitamin, 

30g/L sucrose, 8g/L agar, 0.5mg/L 6-benzylaminopurine and 

0.1mg/L indole-3-butyric acid were added Murashige and 

Skoog nutrient media. Contamination agents were added to 

the nutrient media before pH 5.7 adjusted with KOH and 

media autoclaved under 121oC, 1.0 bar pressure and 20 

minutes long. Study was carried out in three replications 

according to the randomized blocks experimental design, 

replication number set as 3 and 9 plants were placed in each 

container. Two different 3-6 mg/L application doses of two 

different contamination agents, PPM and Contaminacide, 

were applied as a treatment, and medium without the 

addition of contamination agent was used as the control 

group. PPM (Plant Preservative Mixture) and 

Contaminacide and their three dosages (0, 3 and 6 ml/L) 

were used for maintaining tissue culture aseptic conditions. 

Bacopa monnieri was used as plant material and 

contamination rate and plant growth parameters were 

measured. The PPM product of Plant Cell Technology 

company was supplied as cold chain through Turkey 

Distributor Bee Biotechnology. The Contaminacide was 

obtained from Margeht Biotechnology Inc.  

 

After the solidification of the medium, apical shoots of 

Bocopa monnieri 1.5 cm long were placed in the nutrient 

medium under a sterile cabinet and the lids of the nutrient 

medium were left open for 3 days in 24oC temperatures and 

16/8h photoperiod climate room conditions. At the end of the 

3rd day, the lids of the nutrient medium containers were 

closed. At the end of the 35th day following the explant 

sowing in the nutrient medium, the plant height, fresh and 

dry weight measurements were noted with the containers in 

which the infectious agent grew. The data were subjected to 

variance analysis with the GLM command in the SAS 

package program (SAS Institute, 1999). 
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3.RESULTS 

 

This study was carried out to keep the lids of two different 

contamination agents added to the nutrient medium under in 

vitro tissue culture conditions completely open for three 

days, to keep the nutrient medium sterile and to examine the 

effects on the growth of Bocopa monnieri. Deathly 

contamination occurred in the control and the medium with 

3 ml/L PPM added groups at the end of the 35th day (Figure 

1). The investigated parameters were plant height, fresh 

weight and dry weight, and the highest application was 2.43 

cm, 54.45 mg and 25.14 mg in 3 ml/l Contaminacide added 

nutrient medium, respectively (Table 1). It was determined 

that there was no significant difference between 6 ml/L dose 

of PPM and Contaminacide contamination agents in terms of 

plant height and wet weight parameters, and 6 mL/L 

Contaminacide application was more effective than PPM in 

terms of dry weight.

 

Table 1. Results on the effects of PPM and Contaminacide contamination agents applied at two different doses on some 

parameters. 

 

  

Control 

Contaminacide PPM 

3 ml/L 6ml/L 3ml/L 6ml/L 

Plant length (cm) 0.00 C 2.43 A 1.64 B 0.00 C 1.65 B 

Fresh weight (mg) 0.00 C 54.45A 49.99 AB 0.00 C 45.60 B 

Dry weight (mg) 0.00 C 25.14A 11.00 B 0.00 C 10.22 C 

 

 

Figure 1. Control and two different contamination agent and dosages application results in B. monnieri 

 

4. DISCUSSION 

 

In related studies, PPM has been tested in various plant 

explants at various concentrations and it has been reported 

that some plants have a positive effect, while some have no 

positive effect (Compton and Koch, 2001; Digonzelli, et. al., 

2005; Gu et. al., 2022; Miyazaki, et. al., 2010). It has been 

reported that PPM, which is used at different doses to control 

Pseudomonas contamination in sugar cane, inhibits bacterial 

growth, on the other hand, it does not have an inhibitory 

effect on length, fresh weight and cluster number 

(Digonzelli, et. al., 2005). 

 

PPM applied at concentrations of 0.5 to 4.0 ml/L on 

chrysanthemum, European birch and rhododendron leaf 

explants had a very low effect on the percentage of shoot-

forming explants and the number of shoots developed per 

explant in birch and rhododendron. It has been determined 

that it has a significant negative effect in terms of the number 

of shoots (George and Tripepi, 2001). 

 

To evaluate the phytotoxicity of PPM in the meristematic 

tissues of epiphytic orchids, Dendrobium thyrsiflorum 

Rchb.f. (1875) in a study using seeds and seedlings, it was 

reported that when 0.1% PPM was added to the medium, it 

did not show an observable growth inhibitory effect on 

protocorm, shoot or root development. However, it has been 

reported that PPM supplementation above 0.2% has a 

negative effect on D. thyrsiflorum explants, and that at high 

Control                          3ml/L Contaminacide          6ml/L Contaminacide 

                    3ml/L PPM                   6ml/L PPM 
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PPM concentrations, root tissues of young in vitro seedlings 

were damaged (Chanh et. al., 2023). 

 

The effect of PPM was investigated in four different (Juglans 

regia L.) walnut cultivars grown in tissue culture medium. 

One-year-old shoots of walnut cultivars were taken into 

DKW medium with and without PPM. Adding 0.2% v/v 

PPM to the starting medium reduced the number of 

contaminated explants from an average of 67.8% to 37.3% 

and increased the percentage of green shoots from 2.2% to 

12.6% for all cultivars. After rinsing the explants in 5.0% v/v 

PPM and then inoculating in medium containing 0.2% v/v 

PPM, 21.7% of clean shoots were obtained. These shoots 

were indexed on 523 detection media and 87.5% were 

reported to be bacteria-free (Kushnarenko, 2022). 

 

Carica papaya cv. Three treatments were performed on PPM 

taken from posterior Prabhath explants for endogenous 

contaminant control. Axillary shoot tips (1.0-1.5 cm) were 

treated with 5% (T1) PPM for 4 hours, 50% (T2) for 10 

minutes, and 100% (T3) for 10 minutes. It was observed that 

no application yielded positive results because explants 

succumbed to microbial contamination (80% in T1) or 

phytotoxicity effect/contamination (90% in T2 and 95% in 

T3) at the end of 4-6 weeks. Another experiment using a 

multi-step surface sterilization treatment (carbendazim-

cetrimide-HgCl2) followed by culturing in papaya growth 

medium supplemented with 0.05% PPM showed 35% 

significant bacterial contamination compared to 40% in the 

control. The results indicated the prevalence of several PPM-

tolerant endophytic bacteria in papaya and most of them 

survive in the MS-based environment, and this should be 

considered when using PPM for contamination management 

(Thomas et. al., 2017). 

 

Two different immersion sterilization procedures were 

applied of the Miscanthus spp. genotype under plant tissue 

culture conditions with and without PPM. In the PPM study, 

explants obtained from two adult plants with accession 

numbers PI 668371 and PI 668375 on contamination were 

placed in MS medium with 1 mL/L PPM. At the end of the 

study, aseptic applications showed no difference in the 

percentage of bacterial and fungal contamination and the 

percentage of explant survival. It was observed that there 

was less bacterial contamination (28%) with the addition of 

PPM compared to its absence. For percentage of fungal 

contamination, it was stated that PPM had no significant 

effect on plant PI 668371 and a lower percentage of fungal 

contamination (16%) was found in PI 668375 accession. It 

has been emphasized that PPM may be an effective agent to 

prevent bacterial contamination in in vitro cultures of 

Miscanthus spp. and fungal contamination in the accession 

of PI 668375 (Ledo et. al., 2019). 

 

5. CONCLUSION 

In plant tissue culture applications, sugar added to the 

nutrient medium as a carbon source makes the nutrient 

medium particularly susceptible to bacterial and fungal 

contamination. The risk of contamination of the tissue 

culture medium is very high because the bacterial spores or 

fungal hyphae are invisible even if effort is made. Some 

contaminants can be stored in the vascular bundles for very 

long time due to their endophyte properties and their 

emergence time may occur even after a few subcultures.  In 

this case, systemic contamination agents play a very 

important role against vascular microorganisms.  

 

In this study, it was carried out to determine the effects of 3 

and 6 ml/L PPM and Contaminacide added to the MS 

medium and the effects of the containers without 

preservatives on the protection from contamination and plant 

growth due to the exposure time for three days. While all the 

media without preservatives and 3 ml/L PPM added were 

contaminated, there was no contamination in the 

environment containing the product named Contaminacide 

with 3 ml/L addition, on the other hand, it was concluded that 

in vitro plantlets were superior to other applications in terms 

of plant height, fresh and dry weight (p<0.05). 

 

This study is the first study on the contamination agent 

named Contaminacide, and it is predicted that it would be 

beneficial to apply the product at different doses and test it 

on different plants.  
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Abstract: Historical urban settlements and traditional structures are significant indicators and 

substantial values thet document the past ways of life. From a contextual perspective, the 

preservation of these values and the revitalization of architectural heritage are like sustaining 

through the conservation of the integrated and continuous culture tied to the past just like a human 

brain does. This study encompasses all dimensions of a strategic model to conservation versus 

adaptation examining their interaction with historical building remnants through old-new 

compatibility. In this study, first; following the architectural assessment of each monumental 

structure, their spatial, formal, functional, and structural relationships are examined to grow the 

essences and values for a new vision of the city. Second, the advantages and disadvantages of the 

conservation approach are critiqued in comparison to adaptive renovation of the city heritages. The 

preservation of the physical characteristics of Viena Gasometer monumental structures while 

renovation of the functions of the space within this framework reflect not only Europe's industrial, 
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1. INTRODUCTION  

 

Industrial heritage can be defined as physical structures, 

machinery, spaces, or documents that bear the historical 

traces of industrial developments and production activities 

(Madran and Kılınç, 2007; Douet, 2013). This type of 

heritage is often regarded as an important source for 

understanding and remembering past industrial processes, 

technologies, and societal changes. Industrial heritage can be 

found across a broad spectrum, spanning from pre-industrial 

periods to modern industrial eras. This heritage may 

encompass industrial facilities such as factories, mines, 

railways, warehouse buildings, bridges, gasometers, among 

others. Additionally, photographs, maps, documents, and 

other archival materials representing the documentation of 

industrial processes and lifestyles are also considered part of 

industrial heritage (Tekeli, 2001; TICCIH, 2023). 

 

The conservation and restoration of industrial heritage aim 

to transmit the industrial culture of the past to future 

generations. At the same time, these types of areas offering 

tourism and educational opportunities hold economic and 

cultural values. 

 

Adaptive reuse of industrial heritage buildings means 

adapting these structures to new and different uses beyond 

their original industrial purposes. This approach combines 

the conservation of historical buildings with meeting the 

needs of modern society, thus promoting sustainability and 

increasing their value. Reuse projects can serve both cultural 

heritage conservation and provide economic, social, and 

environmental benefits (Mérai & Kulikov, 2021). 

 

The main purpose and goal of preservation is to safeguard 

visual, aesthetic, environmental, historical, and architectural 

values, as well as cultural characteristics. These evaluative 

efforts, which are essential to be developed within the 

context of conservation approaches, aim to provide 

perspectives that establish the framework and general 

principles for the conservation and adaptive reusing of 

industrial heritage. Furthermore, this work intends to 

propose architectural assessments within the scope of 
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conservation, offering insights into the steps to be taken 

before making intervention decisions regarding historic 

structures and buildings within the framework of 

conservation approaches. 

 

The content of the study consists of providing a general 

approach to the subject, conservation approaches within the 

settlement areas where the structures are located, the 

historical processes of the buildings, architectural analyses 

of each building both in relation to the whole and within their 

individual contexts, and finally, an overall assessment, 

presented in sequence. 

 

The selection of the Simmering district and the Gasometer 

structures located on the outskirts of Austria for the subject 

matter is driven by the significance of the conservation 

decision in the context of the region. When considering the 

potential for new developments in the area, its adaptability 

for transformation, and the architectural features, scale, and 

location of the buildings, the decision to conserve becomes 

inevitable. Additionally, the Gasometer structures reflect an 

important turning point in Europe's historical and social 

development, emphasizing the conservation of socio-

economic and cultural values in the context of physical 

characteristics and representing contemporary conservation 

practices and approaches. Due to their significant historical 

and social value, the Gasometer group of buildings falls 

within the scope of conservation. The group of structures is 

not only a symbol for Vienna but also holds an important 

place in the overall cityscape due to its dimensional scale and 

location throughout the city, thus considered to possess true 

monumental value. In this sense, the need for conservation 

in terms of its historical exterior appearance in Vienna is 

unquestionable. From this perspective, this study holds a 

significant framework for the examination of conservation 

approaches in general. 

 

2. MATERIAL AND METHOD  

 

Four monumental Gasometer structures located in the 

Simmering district on the outskirts of Austria serve as the 

sample for this study. The methodology employed in the 

study comprises the description of the chosen construction 

site and its characteristics, an examination of the general 

preservation approach associated with the site, an 

exploration of the intended use of the structure, an 

assessment of the structure's previous condition, an 

investigation of the transformations the structure underwent 

throughout its historical evolution (the reasons necessitating 

these transformations), an evaluation of the structure's 

current (present-day) condition, and the analysis of data 

concerning the site's and structure's general characteristics. 

These analyses are then subject to evaluation and discussion. 

 

It is expected that the method applied in the assessments will 

contribute to the development of a systematic approach that 

allows for the creation of a framework reflecting the value of 

historical buildings in relation to their historical and 

architectural features, in connection with newly designed 

structures and functions. The analyses in the study are based 

on visually emphasizing the architectural characteristics of 

monumental structures and ranking them in order of 

importance. 

 

In this study, the examination of the relationships between 

the city and architectural values through the analogy of a 

brain-like model is emphasized for its developmental 

significance at the urban scale. Below, in Figure 1, the 

abstract diagram of the brain model, resembling the 

Gasometers and the city, is depicted. The core, connections, 

and outer layer have been visualized based on an analogy 

between architectural and biological connections, proposing 

a new perspective across different layers of thought and 

strategy. 

 

 
 

Figure 1. The brain's tri-layers: brainstem in red, axonal 

linkage in yellow, and new cortex in blue. 

 

3. RESULTS  

 

3.1. The Gasometer structures and their surroundings 

 

In the 19th century, gas production was of great importance 

in terms of street lighting and the interior illumination of 

prestigious buildings. Gas production in Vienna began 

precisely in the year 1829. The Vienna city council signed 

an agreement with the Imperial-Continental Gas Association 

in London to supply gas to the city. In fact, the name of the 

"Guglgasse" street in Fuenfhaus is derived from the fact that 

this area was where the British company operated and 

supplied gas to many parts of the city. 

 

Upon the completion of construction, project leader Franz 

Kapaun stated that the architecture of the Gasometer 

buildings would exert an authoritative influence on the 

system of future large industrial complex structures built 

with similar simple systems. Indeed, the four Gasometer 

structures have become significant symbols of Vienna's 

industrial age. In terms of architectural details, they exist as 

a reminder of 19th-century traditions in industrial 

construction. As a group consisting of four buildings, these 

structures have the unique distinction of being singular in 

Europe. 

 

The Gasometer buildings, units serving urban gas 

production, were constructed between 1896 and 1899. 

During this period, Vienna was home to approximately two 

million people. In this era characterized by industrialization, 

Vienna's residential areas coexisted with growing and 

expanding commercial and industrial sectors (Wehdorn, 

2000; Enichlmair, et al., 2005). Initially, the Gasometer 

structures were gas containers used for lighting streets and 

homes. Over time, new technical equipment and facilities 

were added during their use, but the external shell of the 

building remained unchanged. In 1985, the Gasometer 

buildings were closed (Schwarz, 2000). 

 

The area where the Gasometer structures were established is 

the Simmering district, which is a quiet corner of Vienna. It 

is located approximately 10 minutes away from the city 
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center and in the middle of the city and the "Wien-

Schwechat" airport, which is located outside the city (see 

Figure 2). The buildings have dimensions that can be easily 

perceived from a distance. In terms of its location and 

characteristics (transportation system, infrastructure, ample 

space for development), this area is considered a region open 

to development (see Figure 3). This area allows for new 

urban development in the formation of the city center. When 

its historical essence and symbolic value in the city's history 

are added, it can be characterized as an area with special 

opportunities that can lead the development axis to shift to 

this region and transform it into a commercial center (see 

Figure 4). Therefore, around the Gasometer structures, 

extensive office and business centers, entertainment, and 

shopping centers have been designed to spearhead 

transformation. 

 

 
 

Figure 2. The overall view of the Gasometer structures, 

planned in conjunction with their immediate surroundings 

(Himmelb(I)au C., 2003, photo: Peter Korrak). 

 

 

 
 

Figure 3. Ground floor plan and longitudinal section; plan 

and section drawings illustrating the spatial uses and the 

horizontal to vertical relationship of the Gasometer 

structures (www.gasometer.org, June 2005). 

 

The structures were situated longitudinally on a site of 

approximately 300,000 m2, adjacent to the Austria-Hungary 

railway. This arrangement facilitated the optimal 

transportation of coal, a necessary component for gas 

production. The four Gasometer structures were designed as 

part of an entire production complex, with variations in color 

and voids in the flat brick walls attempting to introduce 

dynamism while also striving to create a unity across all the 

buildings. 

 

 
 

Figure 4. The silhouette view of the four conserved 

Gasometer structures with preserved exteriors, creating a 

self-contained city center (www.gasometer.org, June 2005). 

 

These four monumental gas containers are the visual focal 

point of the entire complex. They are arranged in a row with 

a brick wall structure and grouped in pairs. These structures, 

resting on a cylindrical base, have a height of 64.9 m. Their 

dome-shaped top covers provide a cross-section diameter of 

43.5 m and 13.33 m height arch. In each structure, a brick 

wall is placed on a concrete foundation that is 1.7 m deep, 

forming water tanks with a height of 12 m and an inner 

diameter of 62.8 m. This wall tapers upward to 1.65 m from 

a base section of 5.4 m. Above this, the wall continues 

upward to create the actual gas containers, tapering from 1.6 

m to 0.9 m. The dome-shaped top cover spans 63.6 m. This 

iron-framed structure is placed on wooden cushions within 

zinc sheets (see Figure 5). 

 

 
 

Figure 5. Layout arrangement within Gasometer Building A 

in transparent blocks (www.gasometer.org, June 2005). 

 

Inside the structures with brick-covered exteriors, there were 

gas storage tanks made of steel. Each tank had a diameter of 

approximately 62.85 m and its widest internal height was 

about 72.5 m. 
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Within each Gasometer structure, there are container boilers 

made of iron, with a height of 33.6 m, placed inside a water-

filled tank. These boilers are nested within each other and 

consist of three cylindrical sections with diameters of 58.2 

m, 59.1 m, and 60 m. For control and maintenance purposes, 

there are iron stairs and galleries surrounding the inner part 

of the Gasometer structures' outer walls. To facilitate repairs 

on the interior of the roof, a mechanism with movable 

platforms has been installed. The rails of the moving 

mechanism, attached to one side of the roof, are integrated 

into the base of the roof. Between these two pairs of 

Gasometer structures, the pressure regulator structure that 

was responsible for conveying and distributing gas to the city 

still stands. 

 

3.2. Gasometer Project: Conservation and adaptive reuse 

approach.  

 

The Gasometer project is a redevelopment initiative that 

imbues new meanings (functional, structural, spatial) into 

four historical industrial monuments that were no longer in 

use. Each Gasometer building has been assigned distinct and 

complementary functions, creating an independent yet 

interdependent monumental integrity. These assigned 

functions were evaluated within an effort seeking answers to 

three significant themes reflecting the city's architectural 

character: residential structures, monumental conservation, 

and urban planning.  

 

The fundamental approach to preserving monumental 

architecture within the city is based not so much on the 

architectural values of the buildings but on the symbolic 

value they bring to the city. The symbolic value in these 

structures lies in their representation of the city's 

infrastructure development. In order to preserve this 

symbolic value, only the external facades of the buildings 

were conserved, while internally, a self-contained urban 

center was constructed. In other words, the facades were 

preserved as the shell of the new structure, thereby 

delineating the boundaries of the city center. Strategically 

located to intercept the main artery coming from the city 

center, the Gasometer structures, constructed using modern 

building techniques and materials, serve as a symbolic 

curtain denoting the presence of the new development. 

Pedestrian bridges were established to gather people from 

the city's main artery and direct them into the Gasometer 

structures, thus establishing a connection between the city 

and the redevelopment. 

 

The height, dimensions, and character of the Gasometer 

structures have served as a determining factor in shaping and 

guiding new architectural forms. While preserving and 

perpetuating the existing character, they establish the theme 

of the new construction, with their defining quality central to 

the formation. Therefore, in terms of construction and 

illumination, the relationship between old and new has been 

achieved through the intermediary buffer space created. 

 

The concept of the Gasometer project carries a distinctive 

feature symbolizing the dynamic transformation of Vienna's 

iconic architecture within the realm of contemporary life. 

While monuments undergo transformation within their inner 

core, the outward reflection of this transformation has been 

achieved through modern designs integrated into the 

monumental structures (Blüscher, et. al., 2000) This suggests 

that the renewal of the buildings might have been 

symbolically expressed through an outward manifestation. 

 

Each of the four Gasometers has been individually designed 

by different architects, following distinct concepts and 

architectural projects. The creation of functions (event halls, 

shopping centers, etc.) to meet the requirements of urban life, 

along with their interconnections, and the development of 

various types of office and residential units associated with 

these functions, make it feel like a central hub catering to 

diverse needs has been established. 

 

4. DISCUSSION AND CONCLUSIONS  

 

4.1. DISCUSSION 

 

As a former imperial city, Vienna, in addition to its historical 

and cultural significance, distinguishes itself from other 

cities by consciously developing and modernizing while 

simultaneously preserving certain values and character. 

 

In the nineteenth century, it was a common approach to use 

the forms and styles of historical buildings in industrial 

structures. Gas containers and production facilities often 

featured a design reminiscent of medieval churches and other 

central structures. They were characterized by their 

appearance, which included rounded arches and arched 

windows. 

 

Today, the four Gasometer buildings have undergone 

significant alterations and have been adapted to incorporate 

the latest advancements in complex technology and 

innovations. The complex, which suffered damage during 

World War II, was restored. However, with the advent of 

natural gas methods, the buildings became redundant. On 

June 14, 1985, Gasometer No. 2 was decommissioned, 

followed by the others on May 20, 1986. 

 

Even before being decommissioned, they had been placed 

under protection by the Federal Monument Agency. 

Gasometer B has been converted into an exhibition space 

open for visitors. In accordance with preservation 

regulations, the Vienna City Gas Co. decided to carry out 

further renovations in 1987. Today, these structures serve as 

a reminder of the architectural encasing of functional 

structures of the past. 

 

4.1.1. The general concept and design approach of the 

Gasometer project 

 

Determining the heights between reinforced concrete layers, 

establishing their relationship with the old historic walls, and 

constructing pedestrian bridges between the two structures 

required attention to construction speed, accuracy, and 

safety. The harmony between the old and new buildings was 

carefully considered in terms of elevation transitions. Along 

the walls of each cylindrical structure, multi-story new units 

were constructed, and their upper parts were gradually 

stepped, aiming to maximize the flow of light into the spaces. 
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This gasometer project, where the impact of natural light on 

the design is maximized, stands out as a work in which the 

historic wall defines the project's perimeter and is reflected 

in the spatial organization. In the overall approach, the flow 

of daylight into the spaces has been achieved by either 

retreating the lower-level spaces through historic wall 

windows and gaps left between the wall and the new 

structures, or by creating setbacks on the upper floors, where 

the new structures lean against the historic wall, and setbacks 

form terraces and reverse conical shapes with transparent 

roofs (Figure 6). To facilitate this spatial arrangement and 

ensure the functionality of circulation spaces, horizontal 

setbacks and vertical circulation elements have been inserted 

between mass units. As a result, the passage of light to the 

inner courtyard is provided both through the transparent roof 

and the lateral vertical circulation units. Placing symmetrical 

plan schemes within the circular perimeter form serves this 

purpose and ensures continuity in transitions between 

repeating units. The horizontal placement of circulation units 

has been carried out to maximize the use of natural light and 

prevent monotony. 

 

 
 

Figure 6. The view of Gasometer B structure's transparent 

roof (Himmelb(I)au C., 2003, photo: Toni Rappersberger). 

 

These structures, along with the city formation known as UN 

City and the Millennium Tower in their vicinity, add a 

modern skyline to the city center, defining the urban 

landscape of Danube City. 

 

Thanks to its robust infrastructure, the intersection of a fast 

transit route connecting to the city center via U3 and a 

motorway directly linked to the airport, these structures, 

especially Gazometre B, have become the meeting point and 

the liveliest space, akin to Austria's bank (Schwarz, 2000). 

Of course, it is undeniable that the decision made during the 

transformation of these historical structures also holds a 

significant place in terms of the functions assigned. 

 

Establishing the relationship between the structures occurs at 

the elevation level, with Gazometre a directing the main 

circulation area leading from the subway, while in 

Gazometre B, it extends towards the newly constructed 

structure outside the shell. In the case of C and D structures, 

bridges constructed outside connect the two buildings, 

directing towards the exterior space. 

 

The most prominent structure from the north is a new 

building connecting new to historic structure with a 

significant gap added in between. In Gasometer B, the foyer 

of the Concert Hall created within the structure is connected 

in a way that accommodates the metro entrance in Gasometer 

A, and the foyer is directly linked to the metro entrance. 

Vertical circulation elements (stairs, ramps, and elevators) 

have been integrated between the metro entrance level in A 

and the circulation level, shaping the continuity of 

circulation and transitions between elevations (Figure 7). 

 

 
 

Figure 7. Section diagram illustrating the horizontal 

circulation relationship of the Gasometer structures 

(Himmelb(I)au C., 2003). 

 

Gasometer A 

 

French architect Jean Nouvel aimed to create a different 

spatial arrangement and a unique appearance concerning the 

old-new relationship while designing the interior of 

Gasometer A without accentuating the building's massive 

effect within his concept. To achieve this goal, he divided the 

interior into blocks, adding a third dimension to create a 

different spatial layout and maintain harmony between the 

old exterior walls of the gasometers and the new structures. 

Maximizing the use of available natural light while 

preserving the synergy or unity between the old gasometer 

walls and the new construction was a crucial aspect of the 

design. 

 

In this context, the lower levels of the building feature a 

reinforced concrete structure, while the upper levels, where 

offices and residences are located, exhibit a dominant use of 

steel and glass, as shown in Figure 8. The choice and 

application of reflective materials effectively facilitate the 

flow of light into the spaces. Creating openings between the 

outer wall surfaces of these blocks and introducing vertical 

elements for the new units, despite limited space, can be 

regarded as a method employed in the project's design to 

maximize the quality of living. 
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Figure 8. Sectional view of the three-dimensional model of 

Gazometre A structure (www.gasometer.org, June 2005). 

 

Gasometer B 

 

Gasometer B structure, along with its shield-like additional 

construction, has been designed with an understanding of 

form that evokes the street-building relationship within the 

city. The preserved walls and the inner courtyard created in 

the central space are structural elements that determine the 

lighting system of the historical structure (Figure 9). The 

shield-like structure, much like the new cortex of a brain, 

serves as a display of innovation, fulfilling its visionary role 

both physically and functionally, and structurally. In this 

context, the brain's gray matter can be likened to the 

gasometers' interiors, while the spirals inside them and the 

central parts can be seen as the core of the brain that directs 

the entire spinal cord. 

 

 
Figure 9. Cross-section view of Gazometre B structure with 

its shield-like new additional construction (Himmelb(I)au 

C., 2003). 

 

The "Event Hall”, which has an independent structural 

system, possesses a structure that deviates from the general 

geometry in both its form and structure. While its sides take 

on an arched shape, the upper part is amorphous (unstable), 

slightly inclined, and gains visual complexity in the third 

dimension in a radial manner. The stage side is flat (static), 

while the other three sides focus on the arched form of this 

structure. Its upper cover, which stands independently and 

forms an egg-shaped figure, draws a formal resemblance to 

the original upper covers of the gas storage tanks. In its 

original state in the old structure, the upper cover relied on 

the main structural walls and transmitted its load to these 

load-bearing walls. 

 

In the front part of Gazometre B structure, a modern 

extension has been designed to obstruct the perception of this 

structure. Several reasons contribute to this design choice. 

Firstly, the architects aimed to develop a new accent (design 

language) for this valuable historic building (See Figure 10). 

On the other hand, there was a desire to create a structure that 

would accommodate a specific number of special residential 

units. However, the circular-plan gasometer structures did 

not allow for the placement of the required number and 

quality of residential units. These structures dominate the 

cityscape from every angle due to their circular shape and 

scale, offering panoramic views of Vienna and its 

surrounding shores. In other words, this reflective new 

structure is strategically positioned to provide the most open 

view of Vienna's skyline. When viewed from each individual 

residence, it can be said that 270 different panoramic views 

of Vienna are perceptible. Besides its openness to the Vienna 

panorama, this new extension gains a unique quality by 

being the only structure that allows the observation of all 

four gasometer structures together (four structures) (See 

Figure 11). 

 

 

 
Figure 10. Section diagrams depicting the usage status of 

Gazometre B structure (Himmelb(I)au C., 2003) and brain 

model. 
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Figure 11. The relationship between Gazometre B structure 

and the shield-like new extension (Himmelb(I)au C., 2003). 

 

The structure, connected to the Gazometre buildings via 

bridges, serves as a symbol and representative of the new 

development, arousing curiosity in terms of its design. For 

visitors, it has become a building that prompts them to 

question the reason behind this fusion of old and new while 

also allowing them to learn about the city's history. The 

structure stands freely on four main supports located on the 

edges of Guglgasse. 

 

Gasometer C 

 

Gazometre C and D are multifunctional structures designed 

with an internal height of approximately 70 meters from the 

base level to the top of the dome. The reconstructions for the 

entire Gazometre C were based on the simple principle of 

redesign by architect Manfied. The design principles are 

grouped under three main headings: 

1) Clear organization of new functions, 

2) Maximizing the quality of life, 

3) Utilizing simple architectural styles (forms). 

 

In terms of functions, the main goal was to create a five-story 

parking garage, a two-story hall, three-story offices, and six-

story residential layers. Gasometer C was constructed with 

respect to the traditional Viennese urban development 

method, focusing on creating more green spaces, 

neighborhood relations, and ease of use. An inner courtyard, 

planned with top lighting and intermittent gaps, is located in 

the center of the building (Figure 12). Gasometer C holds a 

special place among the gasometers in terms of preserving 

the historical main entrance. Inside, a new entrance 

integrated into the residential spaces has been created 

(Figure 13). 

 

 
 

Figure 12. The inner courtyard, residential layers, and 

terraces created within Gazometre C structure 

(www.gasometer.org, June 2005). 

 

   
 

Figure 13. The overall views of the transparent 

superstructure created in the inner courtyard of Gazometre C 

structure from the inside and outside (www.gasometer.org, 

June 2005). 

 

Gasometer D 

 

Gasometer D is designed in the form of a three-armed star. 

The new structure achieves natural lighting through the 

organization of units on the upper floors, the central focus of 

three intersecting axes, and the creation of inner courtyards 

that face the outer shell, maximizing surface area. 

Additionally, the courtyard is considered as green space, 

serving recreational purposes and aiming to visually convey 

the outer shell (Figure 14). The creation of green areas 

signifies an attempt to implement "Green House" living 

criteria throughout the project to maximize gains in water 

and energy use. 

 

In the approach of this project, which aimed to largely 

preserve historical and cultural values, a discussion emerged 

between the historical outer shell and the new interior life. 

The emphasis on the interior is created with a simple 

architectural expression, characterized by white-colored and 

classic Viennese house typology, a design concept with 

terraced living spaces, and at the same time, a building style 

where cultural influences are observed (Figure 15). 

 



Bilge International Journal of Science and Technology Research 2023, 7(2), 177-186 

 

184 

 
 

Figure 14. Plan drawing showing the inner courtyards 

created by the new structure designed in the form of a three-

armed star for Gazometre D (www.gasometer.org, June 

2005). 

 

   
 

Figure 15. A sectional drawing of the new structure 

designed in the three-armed star form of Gazometre D, and 

a view from one of the interior courtyards looking towards 

the outer shell in the upper floors of the living spaces, 

showing the intersection of the three axes 

(www.gasometer.org, June 2005). 

 

The placement of residential spaces to maximize the 

available area was an important design criterion for the 

design of the housing units. However, this has resulted in 

weak circulation spaces. While the central core area is 

linearly distributed in the form of a three-armed star 

horizontally, it is not considered an optimal solution in terms 

of its connection to the vertical circulation area. 

 

4.1.2. The conservation approach in Europe (Vienna) 

through the Gasometer structures. 

 

Vienna preserve its existing cultural heritage while also 

embracing contemporary developments and adding new 

dimensions to its cultural richness. It seeks to reinterpret old 

buildings, and when a new structure is planned within the 

context of the urban plan, Vienna strives to ensure that this 

new building reflects contemporary trends. The Gasometer 

building complex can be seen as an interesting example of 

this effort. Vienna demonstrates the continuity and tangible 

evolution of its culture. In the modern era, Vienna is 

evolving while preserving its identity and utilizing 

technology to safeguard its cultural heritage. 

 

Vienna exemplifies the idea that neither of these values is 

less important than the other, and both are indispensable 

elements for a city to be contemporary. Vienna, with its 

essentially geometric urban layout, is also an important 

example among Central European cities due to its various 

squares.  

 

In Vienna, the old historical fabric has been meticulously 

preserved, and the grand, often neo-baroque style buildings 

have endured, akin to precious gems, untouched by any form 

of intervention. While the functions of these structures have 

evolved to meet contemporary needs, some streets and 

avenues have been transformed into pedestrian zones for 

recreational purposes. Throughout this process, the existing 

facade texture and urban elements have been faithfully 

preserved, with no alterations to the window proportions in 

the architecture of these buildings. Changes have been made 

in terms of elevation to accommodate new units and 

functions as per contemporary needs. However, the 

architectural elements themselves have remained 

unchanged, and elements like granite curb stones bear the 

traces of centuries. This approach allows old Vienna to 

continue as a significant cultural heritage, carrying its 

historical importance forward. 

 

In Vienna's architectural approach, the aim for monumental 

buildings is to make them accessible to the public, 

functional, and serve as gathering spaces. 

 

Vienna's activities in its oldest buildings and the new 

arrangements around these structures provide significant 

clues to the positive development of the "conservation" 

approach. Vienna preserves its streets and buildings by 

keeping them alive. While the functions of the buildings 

change, their historical qualities remain unchanged, and 

Vienna's streets and avenues continue to maintain their 

physical textures and traces of history in terms of 

appearances. In conservation, there is an approach that 

comprehensively considers reality and all its social 

dimensions. 

 

Vienna, like other global metropolises, has undergone 

certain changes in recent times. These changes necessitate an 

examination of whether they are alterations that truly disrupt 

the city's historical image or contributions made to the city 

in accordance with the requirements of the time. For 

instance, the introduction of a modern rail system (metro) 

integrated with the existing rapid rail system (Stadtbahn) and 

railways has led to a significant portion of urban 

transportation being placed underground. The influence of a 

series of service structures considered symbols of the era, 

such as skyscrapers, on historic buildings is materialized 

through the addition of multi-story structures. In the design 

of the Gasometer buildings, the rhythmic patterns on the 

facades have been aimed to be reflected in the interior 

design. Spatial organization has been attempted to be 

organized based on the proportions of solids and voids on the 

facades. This way, enhancing the perception from both the 

inside and outside, internal-external connections, and the 



Bilge International Journal of Science and Technology Research 2023, 7(2), 177-186 

 

185 

play of light and shadow have been integrated into this 

design. 

 

While the window rhythm created to break the effects of 

massiveness may evoke architectural column capital 

arrangements from ancient times (doric, corinthian, ionic), 

the presence of functional efficiency cannot be denied. In the 

lower sections, the existence of openings that decrease in 

size from bottom to top and an increase in their quantity, as 

well as the occasional creation of a slender and elongated 

form, aim to enhance vertical effectiveness (Figure 16). 

 

 
 

Figure 16. A view of Gazometre D from the south, showing 

the arrangement of openings and their relationships within 

the Gazometer structures (www.gasometer.org, June 2005). 

 

The transformation of these industrial structures has been 

achieved by converting them into spaces where a large 

number of people live or engage in activities. Therefore, 

dynamic elements have been created within these spaces, 

unlike their previous industrial use. These structures are now 

open for human use. The attempt to crown the structure with 

elements like a dome or tower signifies a concern for creating 

space in a modern approach that is connected to the future 

rather than the past. In this context, it is essential to preserve 

the historical facade and architectural characters for the 

ability to trace the past. 

 

While the structures have a defined form, great effort has 

been made to create a highly dynamic mass through the 

effects of light and shadow, both from the interior and 

exterior. The building presents different appearances 

depending on the time of day and weather conditions. The 

spatial uses in the residential typology are designed as places 

that fulfill various new needs emerging from a completely 

modern understanding. During the construction process, the 

requirement for constructing a shell structure in the 

construction program has led to cutting and demolishing 

processes in some areas of the historical shell. 

 

4.2. CONCLUSIONS 

 

The massive four gasometer structures located in the 

Simmering district in the eastern part of Vienna have 

transformed this area into a residential and commercial 

center. The decision for the transformation of this area was 

made after analyzing the data related to the area and 

assessing its potential suitability. Within the scope and 

boundaries of this study, the examination of architectural 

features is significant as it initiates both theoretical 

arguments related to preservation and assists in reflecting the 

preservation approach in architecture. The investigation of 

the practical implications of the preservation approach plays 

a substantial role in the creation and shaping of preservation 

plans. 

 

When looking at the gasometer structures, it is evident that 

certain specific solutions have been attempted to facilitate 

the flow of daylight into the spaces. The outer shell opens 

outward like a new cortex of the brain, guiding perceptual 

and visionary experiences, while the core inside manages the 

functions and structural experience like the brainstem. The 

internal-external connection of the structure is achieved by 

advancing the white structure in between like the axons of 

the brain and establishing the internal-external balance. 

 

In a, a block layout arrangement with gaps between the 

massing units has been created to allow the interior spaces to 

receive natural light. In B, the masses are gradually placed, 

and gaps are left between the main wall and the new units. In 

C, terraces have been designed to resolve the issue. In D, 

three-part cross layouts have been used to create inner 

courtyards and maximize light intake. In A, the gaps left aim 

to enhance the perception of historical structures in addition 

to allowing daylight into the spaces. In B, the goal is to direct 

attention to the new structure, while in C, it focuses on 

creating an inward atmosphere, and in D, it enhances the 

perception of the surroundings. In other words: In A, 

daylight flows into the spaces through the gaps, and 

transparent materials cover the surfaces facing the center. In 

B, light intake is achieved by leaving buffer gaps between 

historical wall windows. In C, gaps between walls and 

massing units are created at the lower levels, and terraces are 

left at the upper levels, shifting the floors on top of each other 

to allow light to flow into the spaces. In D, staggered gaps 

between walls and masses are designed at the lower levels, 

while circulation gaps are created on the other side. Cross-

layout plans and inner courtyards are formed on the floors 

with residential units. The placement of the main circulation 

space is provided from the center. 

 

In the central space, A and C structures have shopping 

centers placed within them, and to make use of natural light, 

the upper covering of these units has been resolved with 

transparent material in the form of a dome. This situation has 

led to an inward-oriented spatial arrangement. In B, with the 

presence of an independent congress center and the new 

additional unit, the solution is both interrelated and outward-

oriented. In D, the circulation spaces are oriented towards the 

created inner courtyards, allowing the spaces to have views 

towards the city.  

 

The study, which evaluates the architectural aspects of 

historical monuments subject to conservation in Vienna, 

Austria, aims to propose an alternative method for the 

preservation of historical buildings. By systematically 

examining the project prepared for the preservation of 

historical buildings through an architectural analysis 

approach, this study can serve as an example in the 

evaluation of similar historical structures. The identification 

and preservation of architectural features of historical 

buildings are possible through appropriate and accurate 

analyses. Creating analyses for the entire complex and each 
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individual building will provide significant advantages in the 

process of determining conservation approaches and 

decisions. Furthermore, emphasizing architectural features 

will assist in the proper examination of specific intervention 

strategies and forms. This examination, when strategically 

aligned with the analogy of the brain and the city, will shed 

light on the strategic dimension of the fundamental decisions 

to be made. 

 

In urban development as well as in structural development, 

the analogical significance of the connections between the 

existing, i.e., the genotype, and the developmental, i.e., the 

phenotypic structure can only be achieved with awareness 

developed at the decision-making stage. This, in turn, 

provides a technical roadmap for guiding strategies at the 

level of detail, with a broader vision in mind. 

 

In conclusion, the expected benefit of this study is to 

systematically generate process data in an exemplary 

conservation approach and serve as a reference for similar 

applications. The Vienna example represents a departure 

from a formalist approach in shaping the object, emphasizing 

not the object but its symbolic value for the purpose of 

conservation. In this example, there is no formal reflection 

of the building's character; instead, it expresses its existence 

with a completely new, material, and technically modern 

attitude. This approach goes beyond venerating the old; 

while respecting this value, it extends beyond the building 

itself to prevent the totemization of these structures by 

emerging as a new presence. 

 

The city is a brain, and considering heritage structures as a 

new phenotype to adapt to the changing era with a fresh 

vision is important for urban development. It allows for 

developmental significance, adjusting to the requirements of 

a different era, and opening up new possibilities with a vision 

that is in tune with the times. 
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1. INTRODUCTION 

 

In our rapidly globalizing and technologically advancing 

world, the realm of technology progresses at an 

unprecedented pace. The concept of health, which is the most 

important factor of human life, also has its share of this 

development. The healthcare sector, like many other fields, 

harnesses the power of these technological strides, shifting 

certain services onto virtual platforms. This transition not 

only enhances the accessibility of healthcare services but 

also facilitates easier diagnoses and treatments for patients.  

Furthermore, the integration of information technology into 

the healthcare sector enhances service efficiency and quality, 

while concurrently contributing to the reduction of 

medication errors, data inaccuracies, and medical mistakes 

(Ülke and Atilla, 2020). 

 

It is necessary to create an effective health system to ensure 

the general health of the society and make it sustainable. This 

health system becomes even more effective with the 

advancement of technology and the correct integration of 

health information systems into our lives. In today's world, 

computers, internet and communication technologies have 

become an integral part of our daily lives. The widespread 

use of these technologies in many areas facilitates the work 

and daily lives of both individuals and institutions. 

Institutions in the health sector also use information 

technologies and health information systems in the planning 

and management stages of health services (Peker et al., 

2018). 

 

Technological advancements have revolutionized 

healthcare, making it more accessible to people from 

anywhere and at any time. Key innovations driving this 

transformation include health informatics, hearing aids, 

sensor technologies, and mobile devices, with a particular 

emphasis on smartphones and wearable technological 

accessories like smartwatches (Şimşir and Mete, 2021). 

 

Thanks to the use of technological advances in healthcare 

systems, many benefits can be enjoyed, especially during 

crisis periods such as pandemics. Wearable health 

technology products can be used to facilitate the isolation of 

individuals who have the disease or are at risk of infection, 

especially as in the recent pandemic crisis we have 

experienced worldwide. In this way, the physical distance 

between patients and healthcare professionals can be 

increased and the density in hospitals can be reduced. 

However, the problem of controlling individuals and thus 

spreading the epidemic can be solved more easily. For this 

reason, many countries have developed different solutions 

for remote patient monitoring. These countries are diligently 

https://orcid.org/0000-0002-4210-3898
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crafting strategies aimed not only at minimizing the impact 

of past epidemics, which continue to affect us, but also at 

proactively addressing future infectious outbreaks through 

the utilization of wearable health technology products 

(Deringöz et al., 2021). 

 

Wearable technology products are designed as special 

electronic devices that can track data over long periods, 

usually wirelessly, and they are synchronized with 

computers or smartphones. These products are among the 

cutting-edge wearable computers that can be integrated in 

different ways into different parts of various objects, such as 

rings, smart glasses, smart watches, shoes, or bracelets. 

Although wearable technologies that can synchronize with 

smartphones have begun to appear more frequently in recent 

times, this process has a longstanding history. . Hearing aids, 

glasses, overalls and clothing-like products that balance 

body temperature, and shoes are the products of this 

technology that were used in the past and are still being 

developed and used (Büyükgöze, 2019). 

 

It is a necessity to take advantage of the opportunities of 

technology in the health sector in order to continuously and 

regularly monitor diseases, perform immediate interventions 

and contribute to the improvement of preventive and 

therapeutic health services by providing rapid digital data 

transmission to relevant health departments. Technological 

developments can provide positive benefits not only during 

medical operations, but also before and during the healing 

process (Dahil, 2023:1). Therefore, just as in every other 

field, the healthcare sector experiences inevitable changes 

and developments due to advancing technology. This 

ongoing transformation process, expected to accelerate in the 

coming years, is further facilitated by the opportunities 

offered by wearable technology. 

 

Wearable Health Technologıes 

 

The healthcare industry tends to benefit from the assistances 

of this advancement along with developing technology in 

order to increase the quality of patient care, reduce costs, 

improve patients' living standards and increase the efficiency 

of healthcare services. The ongoing need for technology in 

healthcare continues to grow, driven by the emergence of 

new imaging capabilities and the effective utilization of big 

data for data transmission. This synergy has led to an 

increased adoption of wearable medical devices, which hold 

significant promise in disease treatment. Innovative 

products, born out of the rapid evolution of wearable 

technology, are swiftly integrating into everyday life (Aydın, 

2019). 

 

Wearable technologies refer to electronic devices that can be 

attached to the skin, can be easily carried, and can be 

integrated into clothes or accessories and carried along with 

us. These wearable technologies can perform many 

functions, especially by having a combined working system 

with products such as computers and smartphones. However, 

in some cases, wearable technologies can be more functional 

than traditional technological devices. Wearable 

technologies offer the ability to track and monitor features 

that cannot be detected by mobile phones and computers, 

such as biofeedback and psychological state monitoring, as 

well as the ability to collect data on this feedback. Wearable 

devices used today include smart watches, smart bracelets, 

glasses, lenses, smart implants used in dental treatment, e-

textile products, smart fabrics, headbands, rings and jewelry 

such as hearing aids. The most commonly used wearable 

devices include smart bracelets, hearing aids and smart 

watches. The history of wearable technologies actually goes 

back a long way. The first wearable device was produced in 

1955 for cheating in games. Since then, wearable 

technologies have seen remarkable advancements, 

particularly in the gaming and entertainment sectors, but 

more notably in the fields of health and fitness (Demirci, 

2018; Sağbaş et al., 2016). 

 

Wearable products that can be used in health, sports, jewelry, 

clothing and many other areas are very common today. 

These devices make it easier to keep track of daily tasks, such 

as frequently used mobile phones and computers, and help 

carry out tasks more efficiently. Swift task completion not 

only saves time for users but also benefits service providers 

(Çakır et al., 2018). 

 

Wearable technology products, which provide great benefits 

in remote treatment processes of individuals and monitoring 

the data generated during treatment processes, especially in 

the healthcare sector, will undoubtedly begin to take more 

part in our lives in the near future. Aging population and 

increasing population growth rate will further increase the 

need to benefit from health systems, which will shape new 

types of current services in health systems. With developing 

technology, wearable technology products that can provide 

remote patient control will play an active role in this change, 

among the methods that will change in parallel with this 

progress in healthcare systems. 

 

2. MATERIAL AND METHOD 

 

2.1.Material 

 

The research dataset comprises articles sourced from the 

Web of Science Core Collection database. AND and OR 

conjunctions were used when searching; Keywords specific 

to wearable health technologies were selected, focusing on 

article titles to ensure alignment with the research topic.. 

Words representing health technologies were searched in the 

article title and the subject was clarified by searching for the 

concept of wearable health technologies in the results 

obtained. At the article level, we employed search terms such 

as "health," "technology," "physical activity," "devices," 

"sensors," "design," "adoption," "information technology," 

"user acceptance," and "acceptance" using the "OR" 

conjunction . In this way, we tried to access all the studies in 

the field of wearable health technologies in the database. 

Another limitation of the search is the time period and 

indexes. In this context, articles published between 1996 and 

2023 were included in the data set.  

 

2.2.Method 

 

The significance of open-source programming languages, 

known for their cost-free access and abundant resources, 

continues to grow in the global landscape of data science.. 

mong these languages, the R programming language holds a 
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prominent position. For bibliometric analyses in this study, 

we employed the Biblioshiny algorithm (Cuccurullo et al., 

2016), a tool written in the R language, known for its open-

source nature. At the same time, the software used is a free 

web-based interface (R Team, 2014).. The R programming 

language is an open source programming language designed 

specifically for statistical calculations and provides an 

environment used in this field. This language was developed 

in 1996 by Ross Ihaka and Robert Gentleman at the 

University of Auckland in New Zealand. However, the 

foundations of this programming language are based on the 

S programming language developed by John Chambers and 

his team at Bell Laboratories in the 1960s. The R 

programming language is well developed and includes 

features that make it easy to visually present data with 

graphs, a simple to use and effective programming language 

(Arslan, 2015). This study includes bibliometric analysis 

methods analyzed with the R programming language. 

 

As a result of the limitations, 5827 articles were identified 

and these articles were downloaded in plain text format. For 

the subsequent bibliometric analysis, a total of 5,327 articles 

(excluding early access articles) were utilized, and this 

analysis was conducted using the R package program. 

Elements of the downloaded articles such as data set, 

sources, authors and documents were examined in 

bibliometric analysis. The specific findings and details of 

these investigations are expounded upon in greater depth 

within the results section of the study . The bibliometric 

study was performed using R using the following 

commands: install.packages ("devtools") and 

devtools::install_github (massimoaria/bibliometrix). Next, 

the package's library was activated with the command library 

(bibliometrix). Finally, the database was accessed using 

biblioshiny (maxUploadSize=500). Here, the parameter 

"maxUploadSize=500" means that 5327 documents from the 

WOSCC database were downloaded as WOSCC text files in 

eleven groups. 

 

3. RESULTS AND DISCUSSION 

 

3.1. Research Results 

 

The 5327 articles analyzed in our study cover research 

between 2002 and 2023. Numerical information of the 

articles is shown in Table 1. When Table 1 is examined, there 

are 2645 sources in which the mentioned articles are 

published. The annual citation rate per article is 2,426. 

Additionally, the annual growth rate of the studies is 23,74. 

In our study, the number of single-author articles appears to 

be 333,corresponding to 062% of the average studies done. 

Another important value of the study is the international co-

authorship percentage of 2,282, which indicates that our 

study is a suitable area for different research to work 

together. 

 

 

Table 1: Basic Information About the Data Set 
DEFINITION RESULTS 

Basic Information About the Data Set  

Time Range 1996:2023 

Sources (Journals, Books, etc) 2645 

Documents 5327 

Document Average Age 3.92 

Annual Growth Rate % 23.74 

Average Citations Per Doc 2.426 

  

Document Contents  

Keywords Plus (ID) 946 

Author's Keywords (DE) 1300 

  

Authors  

Authors 22072 

Authors of Single-Authored Docs 296 

  

Authors Collaboration  

Single-Authored Docs 333 

Co-Authors Per Doc 5.14 

International Co-Authorships % 2.282 
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Upon examining Figure 1, it becomes evident that there were 

no studies recorded between 1996 and 2002. However, a 

gradual increase in research output is discernible over the 

subsequent decade, spanning from 2002 to 2012. Following 

this period, a substantial surge in the number of articles is 

notable until the year 2022. While the number of studies 

post-2022 does not exhibit a significant decrease, there is a 

discernible deceleration compared to the preceding 

yearsAdditionally, as we mentioned before, the annual 

growth rate of the study area is calculated as 23,74. 

Considering the increasing rate of studies, especially in the 

last 10 years, it is obvious that the subject matter is a current 

issue and that it will be the subject of much more research in 

the coming years. 

 

Figure 1: Change in the Number of Articles by Years 

 

 

The countries where the most cited studies on the subject 

were conducted are shown in Figure 2. The USA, China and 

the United Kingdom are in the top 3 ranks of the most cited 

studies. 

 

Figure 2: Most Cited Countries 
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Countries' production over time is shown in the graph in 

Figure 3. As can be seen in the graph, the increase rate of 

studies in the last 10 years is remarkable. Especially 

considering the production numbers of the USA and China, 

they differ from other countries in terms of production 

numbers. 

 

Figure 3: Production of Countries Over Time 

 
The scientific productions of the countries are shown on the 

colored World Map as in Figure 4. As can be seen in the 

figure, it is stated that studies are more intense in the USA 

and China, Australia, India, Russia, and Central and Western 

European countries. 

 

 

Figure 4: Scientific Production of Countries 
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When the institutions working on the subject are examined, 

it can be seen in Figure 5 that universities in the USA and 

China are predominant. 

 

Figure 5: Most Relevant Institutions 

 
 

When the production of universities on the subject is 

examined by years, it is seen that the most relevant institution 

on the subject is Harvard University. However, in the 

following years, it was observed that other US Universities 

carried out more studies on the subject, surpassing Harvard 

University in terms of the number of studies. We can 

examine the production numbers of the most relevant 

institutions related to the subject of the study by year in 

Figure 6 graphically. 

 

 

Figure 6: Production of the Most Relevant Institutions Over Time 

 
 

Upon analyzing the most pertinent words within the scope of 

our study, we observe that the most frequently used terms 

include "health," "technology," "physical-activity," 

"devices," "sensors," "design," "adoption," "information-

technology," "user acceptance," and "acceptance," as 

illustrated in Figure 6.. As a result of the analysis, it can be 

concluded that the words mostly used are from the field of 

health and technology. The analysis of the most relevant 

words within the research field is seen in Figure 7. 
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Figure 7: Most Relevant Words 

 
 

The most frequently used words in the studies are shown in 

Figure 8 through word cloud graphics. The size of each word 

within the image corresponds to its frequency of use, with 

larger fonts indicating higher usage. (Köse and Kurutkan, 

2021: 421). As seen in the word cloud analysis, the field of 

study is closely related to the fields of health and technology. 

 

 

Figure 8: Word Analysis of Studies 
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In Figure 9, the proportions of words used in the studies are 

analyzed. Our analysis, which is parallel to the analyzes in 

Figure 6 and Figure 7, supports the concepts we have stated 

before. As seen in our analysis, the word with the highest 

usage rate is the word "health", followed by the second most 

frequently used word, "technology". The main reason for this 

is that the studies are mainly associated with the fields of 

health and technology and are carried out within this 

framework. 

 

Figure 9: Ratio of Words Used in Studies 

 
 

Examining keywords for co-occurrence is an extremely 

critical analysis for a clear understanding of the study’s 

content. The keywords carefully chosen by the authors 

reflect the basic message of the study and the center of the 

research. The network also shows us the connection and flow 

between words. The thickness of the connection lines 

between the results also illustrates the relationship between 

words and the strength of interusability (Oraee et al., 2017). 

Upon examining the co-occurrence of words used in the 

studies, Figure 10 reveals the formation of six distinct 

clusters. Clusters are formed according to the words in the 

content of the studies and their combined use. In contrast to 

previously provided graphs such as "Most Relevant Words," 

"Word Analysis of Studies," and "Ratio of Words Used in 

Studies," Figure 10 offers insights into the interconnected 

use of the most frequently employed words in the studies 

Moreover, our analysis vividly depicts the interrelationships 

between disciplinary and interdisciplinary fields. 

 

 

Figure 10: Co-occurrence of Words Used in Studies 
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The thematic map resembles a 4-section plane, where x and 

y graphs on the analytical plane show the centrality and 

density of the results by assigning an impact value to the 

results. It is expressed with a two-dimensional and four-

category diagram based on the centrality and density of the 

themes. In this diagram, the X-axis denotes a theme's degree 

of interaction with other networks, referred to as its 

centrality. The degree of centrality can be considered a 

measure of importance for a theme in the research field. On 

the other hand, density represents the strength within a 

network and can be interpreted as an indicator of theme 

development (Cobo et al., 2015; Aria et al., 2021:). In the 

thematic map diagram, the upper right corner is defined by 

engine themes that are dense and central, indicating that 

there is intense research in this area. The upper left corner 

represents highly developed but isolated themes. The lower 

left corner contains rising or falling themes. The concepts 

formed in this section are new themes or exist outside the 

field. The lower right corner contains foundational and 

transformational themes. Themes that emerge in this section 

are generally well-studied concepts with strong internal ties 

(Cahlik, 2000; Turner and Rojouan, 1991; Flórez-Martínez 

et al., 2021). As can be seen in Figure 11, two different 

themes emerged in our analysis. The first theme, centered on 

the overarching title of "Health," combines the terms 

"technology" and "devices," suggesting a concentration of 

research activities in these areas. Studies in this domain are 

well-documented in the literature, indicative of their 

extensive exploration. Conversely, the second theme is 

situated within the context of "physical-activity.". Themes in 

this section suggest a gradual decline in the topic’s 

prominence. Notably, our thematic analysis reveals that 

while wearable health technologies initially gained traction 

in the realm of physical activities, they are progressively 

expanding and evolving within the broader field of 

healthcare. 

 

 

Figure 11: Thematic Map 

 
 

4. CONCLUSION 

 

The field of wearable health technologies predominantly 

consists of recent and current studies, characterized by a 

wide-reaching and interdisciplinary literature.. This broad 

and interdisciplinary feature of the literature has allowed it 

to be included in many studies. Our analysis underscores a 

noteworthy surge in research activities, particularly post-

2012, a trend largely driven by the rapid pace of 

technological advancement.. The abundance of studies 

conducted in the last 10 years in the literature and the 

relationship of the subject with different literatures pose 

difficulties for researchers. At this point, it will be beneficial 

for researchers to review this study in order to benefit from 

it in terms of time saving and energy consumption. Our 

analysis clearly states which literatures researchers will 

study, through which institutions they can access productive 

resources, and which concepts and words they will focus on. 

Our study identifies the United States and China as the most 

influential countries in this domain, with the most relevant 

institutions situated in these nations.. As a result of the study, 

the most frequently used words in research were listed 

through figures and it was concluded that especially the 

fields of health and technology were the two main themes of 

the subject. It is clearly seen in our study that technological 

developments, especially in the last decade, have had a 

positive impact on health technologies. R Programming 

Language was used as the visualization program of our 

study, and the visuals created by the program and provided 

by the system were used within the scope of the study. 
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In a similar study, Köse and Kurutkan (2021), in their study 

titled "Bibliometric Analysis of Internet of Things 

Applications in Health Services", stated that China and the 

USA stand out as the countries that produce the most in terms 

of literature contribution. In this study, it is similarly stated 

that the USA and China are the countries that contribute the 

most to the field of wearable technology in healthcare 

services. Furthermore, Köse and Kurutkan (2021) noted that 

the most frequently used words in their study included 

"data," "health," "healthcare," "thing," "internet," and 

"system." Consistently, our study reveals that the most 

commonly used words align with these findings and include 

"health," "technology," "physical-activity," "devices," 

"sensors," "design," "adoption," and "information-

technology," mirroring previous research outcomes. 

 

In another similar study, Sikandar et al. (2022) "Digital 

Technologies in Healthcare: A Systematic Review and 

Bibliometric Analysis", Sikandar et al. (2022) examined the 

studies on the use of digital technologies in healthcare 

organisations. The researchers who analysed the studies in 

the literature stated that the studies continue to increase. In 

this study, similarly, it is stated that the researches and 

studies in the literature are increasing and the importance of 

the subject is being realised more and more day by day. 

Sikandar et al. (2022) analysed the studies conducted 

between 2017 and 2022 and stated that researchers working 

in the UK, USA and Australia contributed the most to the 

literature. In this study, the countries that contributed the 

most to the field were the USA, China, the United Kingdom, 

Germany and Australia. Although it seems to be in parallel 

with the other study, there are some minor differences in this 

section. Sikandar et al. (2022) analysed the studies 

conducted since 2017 in their study, which resulted in minor 

differences in the analysis of contributing countries. Again, 

Sikandar et al. stated the most commonly used words as 

“digital health”, “mhealth”, “telemedicine”, “covid-19”, 

“ehealth”, “digital technologies”, “technology” and“mobile 

apps” in their study. When this study is compared with this 

section, parallels and minor differences are observed, as in 

the case of contributing countries. These discrepancies can 

be attributed to the variation in the starting point of the 

examination, which Sikandar et al. (2022) based on the year 

2017. 
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1. INTRODUCTION  

 

According to Turkish Language Association (TDK), literacy 

is defined as the state of being literate, while literate means 

educated (TDK, 2022). 

 

Literacy according to United Nations Educational, Scientific 

and Cultural Organization’s (UNESCO) definition; It is the 

ability to identify, understand, interpret, create, 

communicate and calculate different types and varying types 

of printed and written materials (UNESCO, 2022). UNESCO 

also emphasizes that literacy is a continuum of learning that 

includes the integration and adaptation of individuals into 

their communities and wider societies by enabling them to 

develop their potential and knowledge. 

 

Thus, it is emphasized that these people who fully participate 

in the society will contribute to the acquisition of the right to 

education and the improvement of their livelihoods. For 

these reasons, UNESCO (2022) includes global literacy 

among its targets. In order to emphasize and remind the 

public of the importance of literacy, 8 September has been 

celebrated as the literacy day every year since 1966. 

 

The contribution of literacy to social development and the 

adaptation of the individual to society over time has caused 

this concept to go beyond literacy skills. Because the 

advances and deepening in scientific fields, technology and 

art in the century we live in have brought with the need to 

understand, make sense of, and adapt these fields to life. 

 

Thus, concepts such as digital literacy, mathematical 

literacy, financial literacy, cinema literacy, media literacy, 

and statistical literacy have emerged. 

 

In this sense, literacy can be defined as having and 

understanding basic information about an information or 

problem encountered in daily life, being able to think, 

comment and criticize this information. 

 

From this perspective, it is clear that literacy will be a driving 

force for development and will guide societies in issues such 

as deep poverty, access to health and food, and sustainability, 

https://orcid.org/0000-0002-4095-3039
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security, discrimination, media (digital media) which are 

among the biggest problems of today. Because, literate 

individuals will be able to comment on the problems they 

face in the light of their basic knowledge, create solution 

methods for these problems, and criticize the existing 

system. The increase of these individuals will reveal social 

awareness and the power to put the necessary pressure on the 

decision-makers in this regard. 

 

This variety in the field of literacy and the social driving 

force it can create has revealed the necessity of including 

these types of literacy in formal education over time. As a 

matter of fact, in the report published by the Board of 

Education and Discipline in 2017 with the title of 21st 

century skills, has health, environment, financial, media etc. 

literacy types.  

 

In the same report, the item “acquiring literacy skills” is also 

included under the heading of competences and skills aimed 

at gaining students. It has been noticed all over the world as 

well as in Turkey that literacy skills are criteria that show the 

development levels of societies. 

 

With this motivation, financial literacy is addressed as a 

government policy in Australia and New Zealand (Taylor 

and Wagland, 2011). Similarly, media education is provided 

for the development of media literacy in Russia and 

academic studies are carried out to develop this education 

(Yoon, 2009). In this regard, literacy studies related to the 

subjects in school curricula have started to increase in the 

literature. Mathematics also stands out among these subjects. 

Academic research has also been done on the connections 

between mathematical literacy and scientific literacy, in 

addition to studies on the relevance of the mathematics we 

learn in school to our daily life (Ojose, 2011; Wilkins 

et.al.,2002). Schields (2005), on the other hand, focused on 

the relationship between information and data literacy and 

statistical literacy. While emphasizing the importance of 

information and data literacy by the relevant researchers in 

the same study, Schileds stated that statistical literacy is 

necessary for students to make sense of these literacy types 

by bringing them to the level of critical thinking. 

 

Gal (2004) emphasized that the way to be an informed, 

questioning citizen and employee is through statistical 

literacy. Thus, he added that people's ability to make 

effective decisions in solving their daily problems will 

develop. In his other work (Gal, 2002), he described 

statistical literacy as the ability to interpret, critically 

evaluate and communicate statistical outputs. Engel (2017), 

on the other hand, emphasized that it is indispensable in the 

construction of an active citizenship process. In the same 

study, Engel underlines that it is one of the most important 

duties of statistics educators to prevent even the false 

presentation of evidence of empirical data in public, political 

and social fields. It is stated in the same study that directing 

public debates from emotional or subjective areas to areas 

based on evidence and science and making political 

decisions on these facts will be possible with statistical 

literacy.  

 

It is clear that learning all types of literacy is necessary for 

social progress, for moving discussions to a scientific level, 

and for speaking objective facts in societies. Statistical 

literacy, on the other hand, is essential for dealing with, 

understanding, and considering and criticizing multivariate 

phenomena together. 

 

In this study, statistical literacy has been specifically 

addressed with the perspective that all kinds of literacy are 

an important element of personal and social development. 

The aim is to introduce the concept of statistical literacy and 

to draw attention to this area. In the study, which examines 

the relationship between university students' statistical 

literacy levels and socio-demographic characteristics, their 

field of education and universities, it is also examined 

whether there is a correlation between the students' literacy 

level and their general grade points averages (GPA), parental 

education levels, and their knowledge and confidence levels 

in official statistics. 

 

2. MATERIAL AND METHOD  

 

With the above-mentioned purpose, a questionnaire, 

including the statistical literacy scale (Şahin, 2012) indexed 

by TOAD, was prepared. Necessary ethics committee 

approvals were obtained for the application of the 

questionnaire and the Google Forms application was used 

during the implementation of the survey. 

 

Assuming 95% significance level and p=0.05, the sample 

size 398 was obtained by using the sample calculation 

equation developed by Yamane (1967) according to the 

population. 

 

All of the individuals participating in the survey are 

university students. 398 students from different schools such 

as Çukurova, Mersin, METU, Çağ, Başkent and Boğaziçi 

universities participated in the survey. 

 

The analysis in Table 2 was carried out by calculating the 

total score of the Statistical Literacy Scale. In all analyzes, it 

was concluded that the skewness and kurtosis values of the 

variables were between -1.5 and +1.5 and the normality 

assumption was provided by examining the histogram graphs 

(Tabachnick & Fidell, 2013). Due to the assumption of 

normality, ANOVA and independent groups t-test were used 

in the analysis, and the mean and standard deviations of the 

variables were given with “Mean±S.S.” notation. As a result 

of the reliability analysis performed for the Statistical 

Literacy Scale, the Cronbach Alpha value was found to be 

0.71. The scale is reliable. (Carmines and Zeller, 1979). 

 

3. EMPIRICAL ANALYSIS 

 

When the participants are examined, it is seen that there are 

differences both in the universities and in the departments 

they study. This allows us to see the statistical literacy trends 

of different departments. For example, in addition to life 

sciences such as Computer Engineering, Environmental 

Engineering, Industrial Engineering, Statistics, 

Mathematics, Chemistry; students studying in social 

sciences such as Law, Journalism, Public Relations and 

Advertising, English Language Teaching participated in the 

survey. When examined percentages, students studying in 

life sciences are 65.3% of the sample, and students studying 
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in social sciences constitute 34.7% of the sample. 51% of the 

study consisted of females and 49% of males. When asked 

how many years the students have been studying, 16.1% said 

it was for one year, 17.8% for two years, 27.1% for three 

years, 24.9% for four years, 14.1% for five years or a longer 

period of time. 

 

When the education of the parents of the students 

participating in the study was examined, it was determined 

that 23.6% of the parents had primary school or lower, 18.1% 

had secondary school, 33.7% had high school and 24.6% had 

undergraduate or higher education. 

 

3.1 Literacy Scale  

 

The answers given by the participants to the Statistical 

Literacy Scale are given in Table 1. 

Table 1. Statistical Literacy Scale Questions’ Frequency 
Questions of 

Literacy Scale 

Incorrect Answers 

Frequency 

(Percentage) 

Correct Answers 

Frequency 

(Percentage) 

Question 1 208 (52,3) 190 (47,7) 

Question 2 162 (40,7) 236 (59,3) 

Question 3 153 (38,4) 245 (61,6) 

Question 4 101 (25,4) 297 (74,6) 

Question 5 92 (23,1) 306 (76,9) 

Question 6 200 (50,3) 198 (49,7) 

Question 7 298 (74,9) 100 (25,1) 

Question 8 294 (73,9) 104 (26,1) 

Question 9 298 (74,9) 100 (25,1) 

Question 10 240 (60,3) 158 (39,7) 

Question 11 272 (68,3) 126 (31,7) 

 

It was determined that more than half of the students gave 

incorrect answers to the 1st, 6th, 7th, 8th, 9th, 10th and 11th 

questions. The questions that most people answered 

incorrectly were the 7th and 9th questions. More than half of 

the students had correct answers to the 2nd, 3rd, 4th and 5th 

questions. The question that most people answered correctly 

is the 5th question. 

 

In the literacy scale, it is not aimed to measure the level of 

knowledge, but to measure the cognitive interpretation 

capacities of individuals and whether they can make these 

cognitive interpretations critically (Şahin, 2012). In the study 

(Şahin, 2012), in which the scale was defined, the categories 

of interpretation or critical interpretation of each question 

were also defined. What is meant by critical interpretation 

here is to express the ability to question the data that provide 

the statistical results, the interpretations made regarding 

these results, and the arguments based on them. 

 

In Question 7, one of the questions in which the most 

misinterpretation were recorded, the measurement results of 

the weight of an object were given by 9 students, and they 

were asked to comment on the actual weight of this object. 

The background of this question is related to population, 

sample means, and outlier. The question aims to measure 

both the cognitive interpretation and the critical level of this 

interpretation that is, the connection between interpretations 

and statistical information (Şahin, 2012). 

 

Similarly, the 9th question, in which the most 

misinterpretation were made by the participants, includes the 

concepts of measures of central tendency in general and 

concepts such as median, outlier, extreme value or maximum 

value in particular. In this question, “The median price of a 

meal in a student cafeteria is $30. Therefore, she states that 

most of the students in this sample spend approximately $30 

on food each week.” proposition is discussed. It is a 

noticeable point that this question is one of the most 

incorrectly answered question whose category is critical 

interpretation. Because the accompaniment of critical 

thinking with knowledge and thought is the most important 

parameter that makes literacy meaningful. 

 

Again, question 8, which 73,9% of the students answered 

incorrectly, is a question that includes the concept of 

conditional probability in its background and requires critical 

interpretation (Şahin, 2012). In this question, the students 

were asked to comment on probability based on information 

about the musicians at a flute concert. 

 

The question with the highest number of correct answers is 

as follows: A decision will be made to give up one of the 

equipment in a sports center. While making this decision, it 

is desired to be made by paying attention to the interests and 

experiences of the athletes. The learning outcome of this 

question was determined as interpretation in Şahin's (2012) 

study. 

 

3.2 Relations  

 

Independent groups t-test and ANOVA were used to 

determine whether there was a difference between the 

variable groups according to the scale mean. The results can 

be seen in Table 2. 
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Table 2. Relations to Statistical Literacy 

 
Variables Literacy (Mean±S.S.) Statistics 

Gender  t = -1,23 

p = 0,22 

Female 5,02 ± 2,49  

Male 5,34 ± 2,65  

Departments   t = 4,72 

p<0,001 

Life Sciences 5,61 ± 2,50  

Social Sciences 4,36 ± 2,51  

Educational Status 

of Parents 

 F = 0,55 

p = 0,65 

Primary school or  

lower education level 

5,14 ± 2,43  

Middle School 5,49 ± 2,50  

High school 5,01 ± 2,67  

Bachelor or Higher 5,21 ± 2,63  

Trust in Official 

Statistics 

 F = 3,36 

p = 0,04 

Yes* 4,63 ± 2,75  

No 5,10 ± 2,53  

Occasionally* 5,48 ± 2,48  

GPA  Pearson Correlation = 

0,10 

p = 0,04 

 

There was no significant difference between gender groups 

according to the Statistical Literacy scale (p=0,22). 

 

There is a significant difference between individuals 

studying in life and social sciences in terms of statistical 

literacy (p<0,001). Statistical literacy averages of individuals 

studying in life sciences are higher than individuals studying 

in social sciences. 

 

There is no significant difference between the educational 

status of individuals' parents in terms of statistical literacy 

averages (p=0,65). There is a weak positive correlation 

between the GPA of students and their statistical literacy 

scores (p=0,04). 

 

There is a significant difference between people's confidence 

in official statistics (p=0.04). Accordingly, as a result of the 

Post-Hoc test, a significant difference was found between 

individuals who had confidence and those who sometimes 

(p=0,04). Statistical literacy averages of confident 

individuals are lower than individuals who say they have 

confidence occasionally. Those with the lowest average are 

the group that says having confidence on official statistics. 

 

From this section onwards, models were created using 

regression analysis. First, a regression model was created by 

accepting the statistical literacy level as the dependent 

variable. Since it was noticed that the results obtained in the 

analysis on trust in official statistics were also worth 

examining, the second regression model, which accepted the 

official statistics as the dependent variable, was added to the 

study. 

 

3.3 Regression Analysis for Statistical Literacy 

 

A multiple linear regression model was created in which 

statistical literacy score was chosen as the dependent 

variable, and gender, department status in life/social sciences 

and GPA were defined as independent variables. All 

assumptions necessary to build the model are provided. 

Analysis results are given in Table 3. 

Table 3. Statistical Literacy’s Regression Analysis 

 
Regression 

 Unstd Coeff Std 

Coeff 

t Sig. 

B Std. 

Error 

Beta 

Const. 3,22 0,65  4,99 p<0,001 

Female -0,25 0,25 -0,05 -0,98 0,33 

Life 

Sciences 

1,19 0,26 0,22 4,50 p<0,001 

GPA 0,47 0,22 0,11 2,15 0,03 

R=0,25 

𝑅2=0,0

6 

F =8,76 

p<0,00

1 

    

 

Then, 

Statistical Literacy= 3,22-0,25*Female+1,19*Life 

Sciences+0,47*GPA          (1) 

The model in which statistical literacy score is chosen as the 

dependent variable, and gender, reading status in life/social 

sciences and grade points average is taken as the independent 

variable is significant (p<0,001). Independent variables have 

a 6% contribution to statistical literacy. 

In our model, reading in life/social sciences makes a 

significant contribution to the model (p<0,001). Statistical 

literacy scores of individuals studying in life sciences are 

1,19 points higher than individuals studying in social 

sciences. 

GPA predicts statistical literacy positively (p=0,03). A one-

unit change in the GPA causes an increase of 0,47 points in 

the statistical literacy score. 

3.4 Logistic Regression Analysis for Official Statistics 

 

The analysis on trust in official statistics which accepted as 

the dependent variable, and gender, department status in 

life/social sciences and literacy were defined as independent 

variables. All assumptions necessary to build the model are 

provided (Table 4). 
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Table 4. Official Statistics’ Logistic Regression Analysis 

 
Parameter Estimates 

Confidence in 

Official 

Statistics 

B Std. 

Error 

Wald df Sig. ExpB 

S
o

m
et

im
es

 

Intercept 0,65 0,38 2,96 1 0,09  

Literacy 0,15 0,05 8,03 1 0,00

5 

1,17 

Life 

Sciences 

-

0,58 

0,29 3,90 1 0,05 0,56 

Social 

Sciences 

0 
  

0 
  

Male -

0,44 

0,28 2,46 1 0,12 0,65 

Female 0 
  

0 
  

N
o

 

Intercept 1,13 0,39 8,31 1 0,00

4 

 

Literacy ,076 0,058 1,720 1 0,19 1,08 

Life 

Sciences 

-

0,49 

0,32 2,33 1 0,13 0,61 

Social 

Sciences 

0 
  

0 
  

Male -

1,57 

0,30 26,85 1 p<0,

001 

0,21 

Female 0 
  

0 
  

a. The reference category is: Yes. 

Nagelkerke = 0,12 

Pearson chi-square = 87,573 p = 0,22 

 

Logit(𝑦1) = 0.65 + 0.15 * Statistical Literacy - 0.58 * Life 

Sciences - 0.437 * Male          (2) 

Logit(𝑦2) 1.13 + 0.08 * Statistical Literacy - 0.49 * Life 

Sciences - 1.57 * Male          (3) 

where 𝑦1denotes “sometimes” and 𝑦2 denotes “no”. 

Based on the Pearson chi-square statistic model fits the data 

well (p=0.22>0.05). 

One unit increase in total score of scale would be expected 

to increase relative risk for preferring “Sometimes” to “Yes” 

by a factor of 1.17. It means that if all variables in the model 

are held constant, the subject with higher scale score is more 

likely to select “Sometimes” over “Yes” with the lower scale 

score. 

In other words, as participants' scores on the statistical 

literacy scale increase, they are more likely to answer 

"sometimes" to trusting official statistics than "yes". 

Participants with a high literacy score do not unconditionally 

trust official statistics and answer the question about trusting 

the official statistics as "in some cases they trust". 

Students in life sciences are more likely than students in 

social sciences to select “Yes” over “Sometimes”. In other 

words, individuals studying in life sciences have more 

confidence in official statistics than those studying in social 

sciences. 

When examined in terms of gender, males are more likely 

than females to prefer “Yes” over “No”. 

 

4. RESULTS AND DISCUSSION  

 

The Statistical Literacy Scale developed by Şahin (2012) 

was used in this study to measure the level at which 

individuals understand and interpret statistical information. 

The ability of students to interpret and apply statistical 

information was evaluated by applying a questionnaire to 

398 students studying at different universities and 

departments. In addition to the literacy scale questions, the 

participants were also asked to answer questions such as 

gender, family education level, reading status in the 

life/social sciences, GPA, how long have they been at 

university, knowledge and confidence in official statistics. It 

was determined that 51% of the individuals participating in 

the survey were female and 49% were male, and the majority 

of the participants' parents were high school graduates. 

 

If we look at the answers given for the scale questions one 

by one, we see that most incorrectly answered questions are 

7th and 9th ones. According to the scale averages, variables 

of gender, family education, GPA, being in life/social 

science, knowledge and confidence in official statistics were 

analyzed by independent groups t-test and ANOVA analysis. 

Accordingly, no difference was found between the groups in 

terms of genders and parental education levels, according to 

statistical literacy averages. However, it has been determined 

that the statistical literacy averages of the students studying 

in the life sciences are higher than the students studying in 

the social sciences. This reveals the necessity of taking 

measures to increase the statistical literacy levels of the 

students of the social sciences. 

 

A positive correlation was observed in the correlation 

between the scale and the GPA. The higher the GPA, the 

higher the literacy level. When the knowledge and 

confidence groups on official statistics are compared 

according to the statistical literacy averages, it is seen that 

the literacy averages of the individuals who "sometimes" 

trust are higher than those of the individuals who "trust". 

This shows that the increase in literacy scores actually 

increases the ability of individuals to interpret, think and 

question critically. 

 

In addition, regression model was constructed by gender, 

being in life/social science and GPA variables and their 

contribution to statistical literacy was examined. According 

to this analysis, it has been determined that the statistical 

literacy level of students studying in life sciences is 1,19 

points higher than students studying in social sciences. 

Again, with the same analysis, it was determined that a one-

point increase in GPA caused a 0,47-point increase in 

statistical literacy. 

 

In addition to all these analyses, further analyzes regarding 

the trust of the participants in official statistics show that as 

their statistical interpretation skills increase, they give the 

answer "sometimes" rather than "yes" for trusting the official 

statistics. In other words, it has been observed that as the 

statistical literacy of individuals’ increases, their confidence 
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in official statistics decreases. On the other hand, it is also 

reflected in the results that males have more confidence in 

official statistics than females. 

 

As a result of the analysis, it was determined that the 

statistical literacy levels of the individuals were affected by 

the students' grade point average and the department they 

studied. This situation has an impact on the issue of trust in 

official statistics. With the study, it was aimed to reveal an 

awareness by associating the statistical literacy levels of the 

students from different universities and departments with 

various variables. Thus, regardless of the department or 

university, it is aimed to contribute to personal and social 

development by determining the statistical thinking and 

interpretation abilities of the students. 

 

In order to increase statistical literacy, compulsory courses 

on reading data, making sense of histograms/graphs, 

questioning and interpreting statistical results should be 

added to the curriculum starting from kindergarten age. 

Currently, due to the belief in the driving force that social 

enlightenment will bring, the Ministry of National Education 

has published a report by showing the necessary sensitivity 

to the issue since 2017. 

 

In addition, the development of the society in this area can 

be achieved through public service announcements or 

entertaining cartoons for children. In addition, it is essential 

that all non-governmental organizations that desire social 

development, that dream of a more enlightened society, 

where individuals can question what is presented to them, 

and which can create the necessary pressure on decision-

makers, should take a role in out-of-school education on 

statistical literacy. In short, anyone who aims to divert public 

debate from emotional or subjective areas to evidence and 

science-based areas should take a role in the steps to be taken 

on statistical literacy. Because political decisions will be 

based on objective facts instead of subjective areas, and 

social progress will be possible with statistical literacy. 
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