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¥zet 

Bu ­alēĸma, b tk  atēklarē kullanēlarak ­evre dostu, hēzlē ve ucuz b r yºntem olan yeĸ l sentez aracēlēĵēyla 

seryum oks t (CeO ) nanopart k¿ller n n (CeO2 NP) elde ed lmes  ve spektroskop k yºntemlerle 

karakter zasyonunu ­ermekted r. K myasal veya f z ksel yºntemlerle nanopart k¿l sentezlenmes  yer ne 

b tk  atēklarēndan hazērlanan su ekstraktē doĵal nd rgeme ve stab l ze ed c  ajanlar olarak kullanēlmēĸtēr. 

¢¿nk¿ b tk  materyaller  sekonder metabol tler ded ĵ m z b yoakt f b leĸenler ­ermekted r. Sentezlenen 

nanopart k¿ller n yapēsal ve morfoloj k ºzell kler  UV-V s spektroskop s , X-ēĸēnē d fraks yonu (XRD), 

Four er dºn¿ĸ¿ml¿ kēzēlºtes  spektroskop  (FTIR) ve taramalē elektron m kroskobu (SEM) le karakter ze 

ed lm ĸt r. Bu yºntemler n ortaya koyduĵu sonu­lar, CeO2 NPôler n baĸarēlē b r ĸek lde sentezlend ĵ n  

ve b tk  atēklarēnēn bu s¿re­te etk l  b r rol oynadēĵēnē gºsterm ĸt r. T¿m d¿nyada ekonom k ve ­evre 

tem zl ĵ  a­ēsēndan s¿rd¿r¿leb l r kavramē ºnem kazanērken ­alēĸmamēz bu yºnden de ºnem arz 

etmekted r. Elde ed len CeO2 NPôler tēp (ant oks dan, ant  kanser ve la­ taĸēma), ­evre ­alēĸmalarē (atēk 

su y leĸt r lmes ), enerj  s stemler  ve elektron k alanlarēnda, tarēm sektºr¿nde yaygēn kullanēlmalarēyla 

d kkat ­ekmekted r. Elde ed len sonu­lar, CeO  NPôler n baĸarēyla sentezlend ĵ n  ve atēk b tk ler n ­evre 

dostu nanoteknoloj k uygulamalarda deĵerlend r leb leceĵ n  ortaya koymuĸtur. Bu ­alēĸma, ­evre 

teknoloj ler  ve s¿rd¿r¿leb l r nanomalzeme ¿ret m  alanlarēna katkē sunmayē ama­lamaktadēr. 

Anahtar Kel meler: Seryum oks t nanopart k¿l, Yeĸ l sentez, B tk  atēklarē, Karakter zasyon, 

S¿rd¿r¿leb l r nanoteknoloj 
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*Correspond ng author e-ma l: saday@ stanbul.edu.tr 

 

Abstract 

 

Tēbbi laboratuvar tanēmē g¿ncel mevzuatta; insan saĵlēĵēnēn deĵerlendirilmesi, hastalēklarēn ºnlenmesi, 

tanē ve tedavi s¿recinin izlenmesi ile prognoz ºngºr¿s¿ amacē ile biyolojik materyallerin incelendiĵi, 

sonu­larēn raporlandēĵē, gerektiĵinde yorumlandēĵē ve ileri incelemeler i­in ºnerileri de i­eren 

hizmetlerin sunulduĵu laboratuvar olarak tanēmlanmaktadēr.  Eĵer tēbbi laboratuvarda formaldehit gibi 

buharēnēn solunmasē ile toksik etkilerinin ortaya ­ēktēĵē WHO tarafēndan kabul edilmiĸ bir kimyasal 

kullanēlmasē halinde laboratuvarda; ­alēĸanlarēn soluduĵu hava d¿zeyine ve laboratuvar ortamēnda 

­alēĸanlarē formaldehit buharē gazēndan menfi etkilenmesini engelleyen havalandērma sistemlerin 

kurulmasē ve tēbbi laboratuvar alanēna uygun, kalibre edilmiĸ ve sertifikalē formaldehit buharē varlēĵē 

ve gaz d¿zeyini dedekte edecek ºl­¿m cihazē ile veya yaka kartē ile solunum d¿zeyinde ºl­¿m yapēlarak 

maruziyet d¿zeyi belirlenir. ¢alēĸanlarēn maruziyeti halinde formaldehit metabolitlerinin kan veya 

idrarda tespit edilmez ancak dedektºr ile gaz ºl­¿m¿ kullanēcēya ortamda bulunan anlēk maruziyet 

hakkēnda kalitatif bilgi verirken solunum d¿zeyinde yaka kartē ile ºl­¿m ise kiĸisel maruziyet d¿zey 

miktarē hakkēnda kantitatif bilgi vermektedir.  

Anabilim Dalēmēzda; 2013-2023 yēllarē arasēnda farklē zaman aralēklarēnda, aynē ­alēĸma alanlarēnda 

solunum d¿zeyinde yaka kartē ile TWA(sekiz saatlik), stel(15 dakikalēk), VOC (Volatile Organic 

Compounds ; U­ucu Organik Bileĸikler) tespit cihazē ile momentary (anlēk)  23 farklē ºl­¿m yapēlmēĸtēr. 

Aynē teknik alanda yer alan farklē noktalarda; 22 ºl­¿m TWA, STEL ve VOC ºl­¿mlerinde kabul 

edilebilir deĵerlerde bulunmuĸtur. Ķki noktada yapēlan ºl­¿mde elde edilen deĵerlerde en az bir ºl­¿m 

deĵerinin kabul edilebilir nitelikte diĵer iki deĵerin ise kabul edilebilir deĵerin ¿zerinde olduĵu 

gºr¿lm¿ĸ bu noktalarda d¿zenleyici ºnleyici faaliyet raporu hazērlanmēĸtēr. Bu noktalarda; STEL 

deĵerlerin kabul edilebilir sēnērlarda olmasēna raĵmen VOC deĵerlerin limit ¿zerinde kaldēĵē 

anlaĸēlmaktadēr. 

T¿m sonu­lar toplu halde incelendiĵinde, TWA ve STEL deĵerlerinin ­alēĸma alanē ve gºrev 

niteliklerine uygun olduĵu, VOC deĵerlerinin ise STEL solunum d¿zeyi deĵerlerinin % 0,1 ile % 0,8 

arasēnda y¿ksek deĵer almakla birlikte yakēn deĵerler almēĸtēr. Kabul edilebilir limit ¿zerinde kalan 

ºl­¿mler ayrēca incelendiĵinde TWA ve STEL deĵerler kabul edilebilir limitlerde kalmasēna karĸēn VOC 

deĵerlerin limit ¿zeri kalmasē; formaldehit gazē buharēnēn solunum d¿zeyinde yaka kartē ile tespit 

mesafesinden daha hēzlē yayēldēĵē, anlēk ºl­¿mlerde anlamlē fark olmamasēna raĵmen VOC ºl­¿m 

etkinliĵinin yaka kartē ºl­¿mlerinden ancak  % 10ôa kadar y¿ksek olduĵunu gºstermektedir. 

Key words: Formaldehyde, TWA, STEL, VOC, OSHA 
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Abstract 

 

Hepat t s C V rus (HCV), a w despread bloodborne pathogen, plays a major role n the global 

prevalence of chron c l ver d sorders, part cularly c rrhos s and hepatocellular carc noma. T mely 

and accurate detect on of HCV s essent al for prevent ng d sease progress on and mprov ng pat ent 

outcomes. Trad t onal d agnost c methods, wh le effect ve, can be nvas ve and expens ve, 

emphas z ng the need for more access ble, non- nvas ve alternat ves. In th s context, mach ne 

learn ng (ML), and more recently Graph Neural Networks (GNNs), have ga ned prom nence for the r 

ab l ty to model complex relat onsh ps w th n b omed cal data. Th s study nvest gates the 

class f cat on of HCV us ng a b ochem cal dataset compr s ng features such as age, sex, ALB, ALP, 

ALT, AST, BIL, CHE, CHOL, CREA, GGT, and PROT. SMOTE-NC (Synthet c M nor ty Over-

sampl ng Techn que for Nom nal and Cont nuous features) was appl ed to balance the class 

d str but on. A graph was constructed us ng the k-nearest ne ghbors algor thm w th k=14, formng 

edges based on feature s m lar ty n a transduct ve sett ng. Although GraphSAGE s pr mar ly 

des gned for large-scale graphs w th dense relat onal structure, our exper ments demonstrate that t 

performs remarkably well even on tabular b omed cal datasets l ke HCV. The model arch tecture 

ncludes four graph convolut onal layers w th res dual connect ons, Leaky ReLU act vat ons, 

dropout, and was opt m zed us ng AdamW over 1000 epochs. Performance was val dated across 10 

ndependent tra n-test spl ts. The GraphSAGE model ach eved robust and cons stent results w th 

accuracy and F1-score of 99.29% Ñ 0.28. Add t onally, class cal ML models such as random forest, 

grad ent boost ng, k-nearest ne ghbors, support vector mach ne, and dec s on tree y elded F1-scores 

and accuracy values rang ng from 95.72% to 99.29%, w th standard dev at ons between 0.28 and 

0.85. These f nd ngs suggest that wh le both approaches are v able, GraphSAGE prov des a robust 

and flex ble alternat ve to trad t onal ML, espec ally w th better feature select on and parameter 

tun ng. Its adaptab l ty to a var ety of parameter conf gurat ons makes t a prom s ng tool n 

b omed cal d agnos s sett ng. 

Keywords: HCV, Graph Neural Networks, Mach ne Learn ng, B ochem cal Data, D agnos s 
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Abstract 

 

The stock market s h ghly arduous to pred ct due to ts nature. As a result of market no se, volat l ty, 

and external nfluences such as econom c nd cators, geopol t cal events, and nvestor sent ment, stock 

pr ce pred ct on s nherently challeng ng. Itôs observed n the ex st ng l terature that when a s ngle 

un var ate model s used to model stock pr ces, the models have d ff culty fully detect ng pr ce 

movements. For th s reason, we developed a da ly forecast ng framework appl ed to the BIST30 ndex, 

focus ng on the THYAO stock. We decomposed the data nto components us ng STL and pred cted each 

component nd v dually by select ng an appropr ate model ng approach based on ts character st cs. 

The trend component s modeled by R dge Regress on thanks to ts capab l ty of apply ng regular zat on 

to prevent overf tt ng, and the seasonal component s modeled us ng TCN, a CNN-based arch tecture. 

The res dual component wh ch captures rregular and volat le fluctuat ons, s modeled us ng an 

ensemble approach Ths component s handled through a soph st cated ensemble method that comb nes 

XGBoost, GARCH, and sp ke detect on techn ques as nput to XGBoost meta model. F nally, we 

comb ned the r pred ct ons nto a meta-learner based on L neer Regress on to generate the f nal 

forecast. Emp r cal evaluat ons demonstrate s gn f cant mprovements on stock pr ce predct on 

accuracy, w th evaluat on metr cs of MAE: 1.5574 and MAPE: 0.53%. The study found that ensemble 

meta-learn ng techn ques and decomposed component based pred ct ons s gn f cantly ncreased the 

accuracy of stock pr ce pred ct ons. 

Key words: Pr ce Forecast ng, Data Decompos t on Mach ne Learn ng, Deep Learn ng, Meta-

Learn ng 
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Abstract 

Isolat ng h gh-qual ty DNA from fermented bread products presents a s gn f cant d ff culty due to the 

presence of complex carbohydrates, nh b tors, and a d verse m crob al l fe w th n the matr x. Th s 

study a med to assess the eff cacy of two commerc al DNA extract on k ts, GeneSp n and NucleoSp n 

n solat ng genom c DNA from bread der ved from Tr t cum monococcum. A manually ta lored 

CTAB-based extract on process was concurrently employed to evaluate ts effect veness as an 

alternate method for DNA recovery from starch-r ch, fermented food samples. 

DNA was extracted us ng the commerc al k ts as well as the manually opt m zed CTAB protocol. The 

performance of each extract on method was comprehens vely evaluated by measur ng DNA y eld 

(expressed n ng/ÕL) and assess ng pur ty rat os (A260/A280 and A260/A230) us ng a NanoDropÊ 

spectrophotometer. These metr cs prov ded ns ght nto nucle c ac d concentrat on and the presence 

of potent al contam nants such as prote ns, phenol c compounds, or polysacchar des, wh ch are 

part cularly relevant n starch-r ch, fermented matr ces l ke sourdough bread. 

The compar son nvest gat on nd cated that NucleoSp n prov ded the best y eld and most cons stent 

qual ty DNA, closely followed by GeneSp n, both des gned for complex food matr ces. Desp te ts 

labor- ntens ve nature, the CTAB method y elded h gh-molecular-we ght DNA w th m n mal 

fragmentat on and super or pur ty. Th s made t a prom s ng canddate for downstream appl cat ons 

such as PCR and metagenom cs. However, for successful appl cat on n h gh-throughput sequenc ng 

workflows, the CTAB method requ res add t onal opt m zat on steps to effect vely remove nh b tors 

and mprove performance. Its success s cr t cally dependent on prec se execut on, reagent freshness, 

and the ncorporat on of spec f c pur f cat on mod f cat ons ta lored for starch-heavy substrates l ke 

bread. 

Follow ng extract on, the DNA samples have been undergo ng 16S rRNA gene sequenc ng and 

metagenom c analys s, further conf rm ng the effect veness of the opt m zed methods n study ng 

fermented food m crob omes. 

Key words: DNA extract on, M crob ome , Fermented food  
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¥zet 

G¿n¿m¿zde yapay zek© (YZ) teknoloj ler ; eĵ t mden saĵlēĵa, ekonom den sosyal yaĸama kadar 

b r­ok alanda hēzla yaygēnlaĸmakta ve b reyler n yaĸam b ­ mler n  doĵrudan etk lemekted r. Bu 

gel ĸmeler, b reyler n YZ teknoloj ler n  anlayab lme, yorumlayab lme ve b l n­l  b r ĸek lde 

kullanab lme becer ler n  fade eden yapay zek© okuryazarlēĵēnē ºneml  b r yeterl l k hal ne 

get rm ĸt r. 

Bu doĵrultuda, ­alēĸmanēn amacē ¿n vers te ºĵrenc ler n n yapay zek© okuryazarlēk d¿zeyler n  

bel rlemek ve ­eĸ tl  demograf k deĵ ĸkenlere gºre anlamlē farklēlēk gºster p gºstermed ĵ n  

ncelemekt r. N cel araĸtērma yºntemler nden tarama model  kullanēlarak ger­ekleĸt r len ­alēĸmanēn 

ºrneklem n , 2024-2025 akadem k yēlēnda Tokat Gaz osmanpaĸa ¦n vers tes  Erbaa Meslek 

Y¿ksekokulunda ºĵren m gºren toplam 421 ºĵrenc  oluĸturmaktadēr. Katēlēmcēlar, kolayda ºrnekleme 

yºntem yle bel rlenm ĸt r. Ver ler, Wang ve arkadaĸlarē (2022) tarafēndan gel ĸt r len ve ¢eleb  ve 

arkadaĸlarē (2023) tarafēndan T¿rk­eye uyarlanan, b reyler n yapay zek© okuryazarlēk d¿zeyler n  

ºl­meye yºnel k fadeler ­eren ñYapay Zek© Okuryazarlēĵē ¥l­eĵ ò aracēlēĵēyla toplanmēĸtēr. Elde 

edlen ver ler, SPSS 22 programē kullanēlarak anal z ed lm ĸ; anal z s¿rec nde bet msel stat st kler, 

baĵēmsēz ºrneklemler ­ n t-test  ve tek yºnl¿ varyans anal z  (ANOVA) uygulanmēĸtēr. 

Araĸtērma sonu­larēna gºre ºĵrenc ler n yapay zek© okuryazarlēk d¿zeyler  y¿ksek bulunmuĸtur. 

Katēlēmcēlarēn YZ okuryazarlēk d¿zeyler ; c ns yet, YZ eĵ t m  alma durumu ve ºĵren m gºr¿len 

program t¿r¿ (tekn k veya sosyal) deĵ ĸkenler ne gºre anlamlē farklēlēk gºstermekted r. Bununla 

b rl kte, ºĵren m gºr¿len sēnēf d¿zey  le g¿nl¿k b lg sayar ( nternet) kullanēmē s¿res  deĵ ĸkenler ne 

gºre yapay zek© okuryazarlēk d¿zeyler nde anlamlē b r fark tesp t ed lmem ĸt r. Bu sonu­lar, yapay 

zek© okuryazarlēĵēnēn teknoloj y  kullanēm s¿res nden z yade, alēnan eĵ t m ve ºĵren m gºr¿len 

alanla daha yakēndan l ĸk l  olduĵunu ortaya koymaktadēr. 

Anahtar Kel meler: Yapay Zeka, Yapay Zeka Okuryazarlēĵē, ¦n vers te ¥ĵrenc ler 

  



II. Internat onal Data Sc ence and Informat on Technolog es 

Congress (INFTEC 2025) Budapest/Hungary May 22-23, 2025 

 

8 

 

IoT C hazlarēnda DDoS ve M ra  Ataklarēnda Yen  B r Saldērē Tesp t S stem 

 

 Tuĵba Ulusoy1* 

1 Sakarya ¦n vers tes , B lg sayar ve B l ĸ m B l mler  Fak¿ltes , B lg sayar M¿hend sl ĵ  Bºl¿m¿, 

54220, Sakarya, T¿rk ye 

*Correspond ng author e-ma l: tugba.ulusoy1@ogr.sakarya.edu.tr 

¥zet 

CIC-IoT2023 ver  set n n bu ­alēĸmada kullanēlan vers yonu, ­eĸ tl  DDoS ve M ra  tabanlē saldērē 

t¿rler n n yanē sēra normal (Ben gn) traf ĵ  de ­erecek ĸek lde yapēlandērēlmēĸtēr. LSTM, B LSTM ve 

CNN-B LSTM+Transformer modeller  le ­ok sēnēflē (mult-class) ­alēĸēlmēĸtēr. Ver  set ndek  eks k ve 

anlamsēz ver ler n tem zlenerek model eĵ t mdek  sapmalar m n m ze ed lm ĸt r. ¥zell kle modelde 

ezberlemeye neden olan s¿tunlarēn ver  set nden ­ēkarēlmasē, overf tt ng r sk n  ºneml  ºl­¿de 

azaltmēĸtēr. ¢alēĸmada, ºzell kler n deĵer aralēklarēnē normal ze etmek amacēyla RobustScaler ve 

M nMaxScaler b rl kte kullanēlmēĸtēr. Y¿ksek boyutlu ver yle ­alēĸēldēĵē ­ n SelectKBest yºntem yle ch Į 

test  uygulanmēĸ ve en y  15 ºzell k se­ lm ĸt r. 

LSTM ve B LSTM modeller  %98'l k baĸarēm deĵerler  le b rb r ne olduk­a yakēn sonu­lar ver rken, 

CNN-B LSTM + Transformer m mar s , ºzell kle M ra-Greeths ve M ra-Gre ps sēnēflarēnda daha 

d¿ĸ¿k performans serg lem ĸt r. Model performansēnēn sēnēf bazlē detaylē anal z n  yapab lmek adēna, 

ROC (Rece ver Operat ng Character st c) ve PR (Prec s on-Recall) eĵr ler  deĵerlend r lm ĸt r. 

 LSTM model ne a t ROC eĵr s , model n genel anlamda olduk­a baĸarēlē b r ayērt etme kapas tes ne 

sah p olduĵunu ortaya koymaktadēr. Ben gn, DDoS-SYN, DDoS-TCPs, DDoS-UDP ve M ra-udppla ns 

g b  sēnēflar ­ n AUC = 1.00 sev yes nde deĵerler elde ed lm ĸ, Mra-Greeths ve M ra-Gre ps g b  

ºr¿nt¿ler  benzeĸen alt sēnēflarda se AUC = 0.99 deĵerler  gºzlemlenm ĸt r. 

B LSTM model , ­ ft yºnl¿ ºĵrenme kapas tes  sayes nde ºzell kle zaman baĵēmlē ºr¿nt¿lerde daha der n 

baĵlamlarē kavrayab lmekted r. B LSTM model  ­ n ROC eĵr ler nde model, Ben gn ve DDoS 

t¿rler nde AUC = 1.00 d¿zey nde b r baĸarēya ulaĸmēĸtēr. Ancak M ra-Greeths sēnēfē ­ n   AUC = 0.97, 

Gre ps ­ n se AUC = 0.98 deĵerler  gºzlemlenm ĸt r.  

CNN-B LSTM + Transformer model  Prec s on-Recall (PR) eĵr ler , ºzell kle denges z ver  yapēlarēnda 

sēnēf bazlē doĵruluĵu ºl­mek a­ēsēndan kr t kt r. Bu modelde Ben gn ve DDoS sēnēflarēnda AP (Average 

Prec s on) deĵer  1.00 olarak ºl­¿lm¿ĸ olsa da, M ra-Greeths sēnēfē ­ n AP = 0.84 ve M ra-Gre ps ­ n 

AP = 0.87 deĵer  elde ed lm ĸt r.  

¦­ model n confus on matr x sonu­larē b rl kte deĵerlend r ld ĵ nde Ben gn, DDoS-SYN, DDoS-TCPs 

ve DDoS-UDP g b  temel sēnēflarda modeller n y¿ksek doĵrulukta tahm n yaptēĵē anlaĸēlmaktadēr. Ancak 

M ra  alt sēnēflarēnda, benzer davranēĸ desenler  sebeb yle modeller ­ n daha zorlayēcē olmuĸtur. Bu 

durum, model m mar s  se­ m nde sēnēf yapēsēnēn ayrēĸtērēlab l rl ĵ n n gºz ºn¿nde bulundurulmasē 

gerekt ĵ n  ortaya koymaktadēr (Guer an  et al., 2024). 

Anahtar kel meler: IoT G¿venl ĵ , Saldērē Tesp t S stemler , Der n ¥ĵrenme 
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Abstract 

The ma n purpose of th s study s to exam ne the relat onsh p between d g tal game add ct on and 

learn ng respons b l t es among secondary school students l v ng n rural areas. A rev ew of the 

l terature shows that most stud es on d g tal game add ct on have focused on urban sett ngs, wh le 

stud es spec f c to rural areas rema n l m ted. In th s context, the research was conducted us ng the 

relat onal survey model. The sample cons sts of 131 students from 5th, 6th, 7th, and 8th grades at a 

secondary school n the town of ¢at, located n the central d str ct of Tokat prov nce, Turkey.  As data 

collect on tools, a Personal Informat on Form developed by the researchers and the ñD g tal Game 

Add ct on Scale for Ch ldrenò developed by Hazar and Hazar (2017) were used. Th s 12- tem scale, 

des gned for ch ldren aged 10ï14, s structured as a 5-po nt L kert-type scale. The scale ncludes four 

sub-d mens ons: ñpostponement of nd v dual and soc al respons b l t es,ò ñexcess ve focus on and 

confl ct over d g tal games,ò ñtolerance development dur ng gameplay and the value attr buted to 

games,ò and ñpsycholog cal-phys olog cal reflect ons of depr vat on and mmers on n games.ò The 

data were analyzed us ng the SPSS software package. The Cronbachôs alpha coeff c ent of the scale was 

calculated as .737, nd cat ng an acceptable level of nternal cons stency. Skewness and kurtos s values 

showed that the data were normally d str buted. Accord ng to the analys s results, there was no 

s gn f cant d fference n d g tal game add ct on levels between male and female students (p > .001). 

However, a s gn f cant d fference was found n the sub-d mens on of ñpsychologcal-phys olog cal 

reflect ons of depr vat on and mmers on n gamesò n favor of students aged 10 and 13 (p < .001). 

Based on these f nd ngs, t s recommended that s m lar stud es be conducted w th larger samples, and 

that ntervent on programs be developed to ra se awareness, part cularly regard ng the fourth sub-

d mens on. 

Key words: Digital game addiction, Addiction symptoms, Excessive focus on digital games, Rural 

children, gameplay duration. 
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Abstract 

 

W th the rap d advancement of d g tal technolog es, onl ne games have become a s gn f cant part of the 

da ly l ves of m ddle school students (Gr ff ths, 2010). Th s age group s drawn to games for both 

cogn t ve and emot onal reasons, mot vated by factors such as ach evement, enterta nment, and 

soc al zat on (Varanok & ķah n, 2024). Add t onally, metacogn t ve awareness related to gam ng 

processes prov des mportant ns ghts nto how nd v duals regulate the r gam ng behav ors (Nazlēg¿l 

& S¿sen, 2021). The a m of th s study s to exam ne the relat onsh p between m ddle school studentsô 

mot vat ons for part c pat ng n onl ne games and the r metacogn t ve bel efs regard ng gam ng. The 

study analyzed data collected from 365 m ddle school students. Two data collect on tools were used: the 

16- tem ñOnl ne Gam ng Mot vat on Scale (¢OKA¥)ò and the 12- tem ñMetacogn t ons about Onl ne 

Gam ng Scale (MOGS-T).ò The ¢OKA¥, developed by Korkēn-Varanok and ķah n (2024), cons sts of 

three subscales: ach evement, enterta nment, and soc al zat on. Rel ab l ty coeff c ents for the scale are 

as follows: Fle ss' Kappa = .91, McDonaldôs Omega = .93, test-retest correlat on = .80, and Cronbachôs 

alpha values are .87 (ach evement), .83 (enterta nment), and .81 (soc al zat on). The MOGS-T, adapted 

by Den zc-Nazlēg¿l and S¿sen (2021), measures students' metacogn t ve bel efs regard ng gam ng and 

ncludes two subscales: pos t ve and negat ve metacogn t ons. In the current study, the Cronbachôs alpha 

value for the MOGS-T was calculated as .883. Skewness and kurtos s values nd cated that the data met 

the assumpt on of normal ty. F nd ngs revealed that male students had s gn f cantly h gher scores n 

both gam ng mot vat ons and metacogn t ve bel efs compared to female students. Wh le grade level d d 

not result n s gn f cant d fferences n gam ng mot vat ons, t d d have a s gn f cant effect on 

metacogn t ve bel efs. Spec f cally, 8th-grade students exh b ted lower metacogn t ve awareness 

compared to those n 5th and 6th grades. Furthermore, a moderate, pos t ve, and stat st cally s gn f cant 

correlat on was found between gam ng mot vat ons and metacogn t ve bel efs (r = .481, p < .001). In 

conclus on, as studentsô mot vat ons for play ng onl ne games ncrease, the r cogn t ve awareness 

regard ng the gam ng process also tends to ncrease. Based on the f nd ngs, t s recommended that 

educat onal programs be developed to ra se awareness among students about the r gam ng behav ors 

through the lens of the r mot vat ons and metacogn t ve bel efs. 

Key words: Digital gaming in adolescence, Gaming addiction, Metacognitions about online gaming, 

Online gaming motivations, Problematic gaming behavior 
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¥zet 

Yapay zek© ve metal nanopart k¿ller n (MN) sentez , modern b l m ve teknoloj n n kes ĸ m nde ºneml  

b r alan olarak karĸēmēza ­ēkmaktadēr. MN, y¿ksek y¿zey alanlarē, k myasal akt v te ve opt k ºzell kler  

sayes nde b r­ok end¿str  sektºr¿nde ºzell kle elektron k, tēp ve ­evre m¿hend sl ĵ nde kullanēmlarē 

bulunmaktadēr. MN sentez nde geleneksel yºntemler uzun zaman alērken, mal yet ve kontrol zorluklarē 

­ermekted r. Yapay zek© devreye g rd ĵ nde bu s¿re­ler n opt m ze ed lmes ne katkē saĵlamaktadēr. 

Yapay zek© algor tmalarē, b¿y¿k ver  anal z , modelleme ve s m¿lasyon g b  tekn klerle, nanopart k¿l 

sentez n  daha hēzlē, daha etk l  ve daha az mal yetl  hale get rmekted r. 

Yapay zekanēn MN sentez ndek  rol¿, bu malzemeler n ºzell kler n  etk leyen parametreler n 

bel rlenmes  a­ēsēndan ºneml d r. Geleneksel deneysel yºntemler, opt mum ĸartlarēn bel rlenmes  ­ n 

zaman alēcē olab l rken, yapay zek© s stemler , mak ne ºĵren m  temell  yaklaĸēmlar le parametreler n 

otomat k olarak anal z n  saĵlayarak, en uygun koĸullarē bel rleyeb lmekted r. Bu s¿re­te, ver ye dayalē 

yaklaĸēmlar, nanopart k¿l boyutu, ĸekl , daĵēlēmē ve y¿zey mod f kasyonlarē g b  ºzell kler n kontrol¿n¿ 

kolaylaĸtērēr. Bu durum, yalnēzca materyal m¿hend sl ĵ nde deĵ l, aynē zamanda b yomed kal 

uygulamalarda da nanopart k¿ller n spes f k ĸlevsell ĵ n  artērmaktadēr. 

Sonu­ olarak, yapay zek© le MN sentez , yen l k­  b r yaklaĸēm sunmakta ve araĸtērmacēlarēn malzeme 

tasarēmē s¿re­ler n  yen den ĸek llend rmekted r. Bu d s pl nler arasē entegrasyon, nanopart k¿l 

araĸtērmalarēnda daha ºnce m¿mk¿n olmayan hēz, doĵruluk ve ver ml l k elde ed lmes ne olanak 

tanēmaktadēr. Yapay zek© destekl  bu yen  yºntemler, b l msel keĸ fler  hēzlandērērken, aynē zamanda 

t car  uygulamalar ­ n de potans yel faydalar sunmaktadēr.  

Anahtar Kel meler: Yapay zeka, Metal nanopart k¿l, Sentez, Karakter zasyon. 
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Abstract 

The genus Babesia, belonging to the phylum Apicomplexa, comprises protozoan parasites that are 

transmitted by ticks and are known to infect the red blood cells of mammals, including humans. In this 

study, a total of 112 ticks collected from 80 wild mammals representing 23 species across 17 provinces 

in T¿rkiye were screened for Babesia using PCR targeting the 411ï452 bp region of the 18S rRNA gene. 

The sequences obtained were analyzed and aligned using B oEd t Sequence Al gnment Ed tor, vers on 

7.0.5, while MEGA 12 software was employed for phylogenetic analysis based on the maximum 

likelihood method. The analysis revealed Babesia DNA in 7 ticks (6.25%). NCBI Blastn comparisons 

and phylogenetic inference confirmed the presence of Babesia microti in Ixodes acuminatus ticks from 

Edirne, Balēkesir, and Tokat provinces, and Babesia caballi in a Hyalomma sp. tick from Kars province 

of T¿rkiye. The study provides insights into the diversity and distribution of Babesia species in wildlife-

associated ticks in T¿rkiye and contributes to the broader understanding of tick-borne disease ecology 

through molecular and phylogenetic approaches. 

Key words: Babesia, Ticks, Ectoparasites, Zoonoses, Diseases 

  

mailto:muhsin.kisi46@gmail.com


II. Internat onal Data Sc ence and Informat on Technolog es 

Congress (INFTEC 2025) Budapest/Hungary May 22-23, 2025 

 

13 

 

L neer Der n ¥ĵrenme Algor tmalarēyla Bēldērcēnlarda B¿y¿me Eĵr s n n Tahm n 

 

Em ne Berberoĵlu1* Ķsl m Polat A­ēk1 

 

1 Tokat Gaz osmanpaĸa ¦n vers tes , Z raat Fak¿ltes , Zootekn  Bºl¿m¿, 60250 Tokat, T¿rk ye 

 

*Correspond ng author e-ma l: em ne.berberoglu@gop.edu.tr 

 
¥zet 

 

Bēldērcēn yet ĸt r c l ĵ , son yēllarda artan talep ve ekonom k potans yel  neden yle ºneml  b r tarēmsal 

faal yet hal ne gelm ĸt r. Bēldērcēnlarēn b¿y¿me eĵr ler n n doĵru b r ĸek lde tahm n ed lmes , yem 

mal yetler n n opt m zasyonu, kes m zamanēnēn bel rlenmes  ve genel ver ml l ĵ n artērēlmasē a­ēsēndan 

kr t k ºneme sah pt r. Geleneksel yºntemlern yanē sēra b¿y¿k ver  topluluĵunda daha hassas 

yaklaĸēmlara ht ya­ duyulmaktadēr. Bu baĵlamda, l neer der n ºĵrenme algor tmalarē, bēldērcēnlarēn 

b¿y¿me eĵr ler n  tahm n etmek ­ n umut vadeden b r yºntem olarak ortaya ­ēkmaktadēr. Der n 

ºĵrenme, yapay s n r aĵlarē (YSA) ¿zer ne kurulu b r mak ne ºĵren m  alt dalēdēr. L neer der n ºĵrenme, 

YSA'larēn en temel t¿rler nden b r d r ve genell kle ver ler n l neer b r l ĸk  serg led ĵ  durumlarda 

kullanēlēr. Bu algor tmalar, g rd  katmanē, b r veya daha fazla g zl  katman ve b r ­ēktē katmanēndan 

oluĸur. Her b r katman, b r d z  d¿ĵ¿mden (nºron) oluĸur ve bu d¿ĵ¿mler arasēndak  baĵlantēlar, 

aĵērlēklar aracēlēĵēyla tems l ed l r. L neer der n ºĵrenme algor tmalarē, bēldērcēnlarēn b¿y¿me eĵr ler n  

modellemek ­n kullanēlab l r. Bu modeller, yaĸ, yem t¿ket m , genet k faktºrler ve ­evresel koĸullar g b  

­eĸ tl  g rd ler  kullanarak, bēldērcēnlarēn aĵērlēklarēnē tahm n edeb l r. Bu tahm nler, yet ĸt r c lere 

ºneml  b lg ler saĵlayarak, daha b l n­l  kararlar almalarēna yardēmcē olab l r. 

Anahtar Kel meler: L neer Der n ¥ĵrenme, B¿y¿me Eĵr s  Bēldērcēn 
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¥zet 

 

Bu ­alēĸma, ºzel yetenekl  b reyler n fen eĵ t m nde yapay zeka (YZ) tabanlē uygulamalara yºnel k 

son on yēlda (2014ï2024) yapēlmēĸ akadem k ­alēĸmalarē s stemat k b ­ mde ncelemey  

ama­lamaktadēr. Alan yazēnē taramasē yºntem yle y¿r¿t¿len bu araĸtērmada, ºrneklem ºzell kler , 

yayēn yer  (uluslararasē/ulusal), kullanēlan araĸtērma desenler , ­alēĸēlan konu baĸlēklarē, kullanēlan 

YZ ara­larē ve ver  anal z  yºntemler  temel nceleme kr terler  olarak bel rlenm ĸt r. ¢alēĸma 

kapsamēnda, ñg fted studentsò, ñsc ence educat onò, ñart f c al ntell genceò, ñAI n g fted 

educat onò g b  anahtar kel melerle ulusal ve uluslararasē ver  tabanlarēnda (ERIC, Scopus, Web of 

Sc ence, ULAKBĶM vb.) tarama yapēlmēĸ; d©h l ed lme ºl­¿tler n  karĸēlayan ­alēĸmalar detaylē 

olarak ncelenm ĸt r. ¢alēĸmanēn sonunda, elde ed len ver ler doĵrultusunda ºzel yetenekl  b reyler n 

fen eĵ t m nde yapay zeka kullanēmēna l ĸk n eĵ l mler, odaklanēlan temalar ve metodoloj k ºzell kler 

s stemat k b r b ­ mde sunulacaktēr. Bu nceleme, alanda yapēlan ­alēĸmalarēn genel eĵ l mler n  ve 

boĸluklarēnē ortaya koyarak, gelecekte ºzel yetenekl  b reylere yºnel k fen ºĵret m nde yapay zeka 

kullanēmēnē daha etk l  ve hedefe yºnel k planlamak steyen araĸtērmacēlar ve uygulayēcēlar ­ n yol 

gºster c  olmayē ama­lamaktadēr. 

Anahtar Kel meler: ¥zel yetenekl  ºĵrenc ler, Fen eĵ t m , Yapay zeka, Dok¿man nceleme 
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Abstract 

 

In th s study, the concept of generat ve art f c al ntell gence (generat ve AI) s ntroduced. Also, 

current appl cat ons n areas such as text, mage, aud o, code, and educat onal content generat on 

are exam ned through spec f c examples. In the f eld of text generat on, large language models such 

as ChatGPT and DeepSeek stand out. For mage generat on, systems l ke DALLĀE and Stable 

D ffus on are prom nent. For aud o generat on, platforms such as ElevenLabs are noteworthy. In 

software development processes, tools l ke G tHub Cop lot and ChatGPT are w dely used; and n 

educat onal mater al product on, platforms l ke Cur pod have ga ned attent on. The common feature 

of these technolog es s the r ab l ty to produce or g nal and usable content based on human nput. 

These AI tools, each serv ng d fferent purposes n the r respect ve doma ns, accelerate learn ng 

processes, support creat ve product on, and contr bute to democrat z ng access to nformat on. 

Key words: Generat ve AI, Art f c al Intell gence, Large Language Models 
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Abstract 

 

Understanding stock market dynamics plays a crucial role in achieving both risk management goals 

and effective investment decision-making. Standard financial models have limitations when it comes 

to understanding complex stock relationships which results in subpar portfolio strategies. This 

research examines the application of Hybrid Graph Convolutional Network (Hybrid GCN) to analyze 

stock price relationships found within the Borsa Ķstanbul 30 (BIST 30) index. The use of graph-based 

deep learning aims to improve financial network analysis while developing an investment framework 

that provides stronger data-driven solutions to enhance portfolio performance. The analysis used 

Yahoo Finance historical stock price data spanning a decade to accomplish this research. The 

calculation of stock return correlations produced a matrix which defined significant relationships 

between stocks through edge connections. The Hybrid GCN model received training to optimize 

portfolio allocation through its ability to learn about stock dependencies and price movements. The 

model's effectiveness was evaluated through testing against Minimum Variance Portfolio and Risk 

Parity Portfolio and Market Capitalization-Weighted Portfolio which represent common risk-based 

approaches in financial markets. The Hybrid GCN model delivers superior results than benchmark 

portfolios when it comes to risk-adjusted returns and overall profitability. The Hybrid GCN model 

achieved a Sharpe ratio of 1.0047 which outperformed all benchmark portfolios since the Minimum 

Variance and Risk Parity portfolios reached 0.3830 and the Market Cap-weighted portfolio achieved 

0.3393. The Hybrid GCN model produced a cumulative return of 1.0938 which exceeded the 

benchmark portfolios' returns of 1.0260 for Minimum Variance and Risk Parity and 1.0217 for the 

Market Cap-weighted portfolio. The Hybrid GCN model demonstrated better downside risk control, 

with a maximum drawdown (MDD) of -7.94%, compared to the benchmark models, which reached -

9.02% and -9.05% for the Minimum Variance and Risk Parity portfolios, respectively, and the Market 

Cap-weighted portfolio. The Sortino ratio of the Hybrid GCN model reached 1.8342, whereas the 

Minimum Variance, Risk Parity, and Market Cap-weighted portfolios achieved 0.6835 and 0.5978, 

respectively. These results indicate Hybrid GCN financial models deliver superior portfolio 

performance through their ability to analyze stock dependencies for risk-adjusted return 

optimization.  This research demonstrates how Hybrid GCN can optimize portfolio allocation more 

effectively than traditional methods through financial modeling applications. The study demonstrates 

an adaptable financial forecasting and portfolio construction method that scales through graph-

based learning. Research should validate this model by applying it to broader stock indices, utilizing 

different data sources in real-world investment strategies. 

Keywords: Graph convolutional networks, Portfolio optimization, Financial network analysis, Stock 

market prediction, Deep learning  
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Abstract 

In an increasingly volatile geopolitical and environmental landscape, global supply chains are under 

constant threat from a myriad of disruptions, ranging from political conflicts and trade restrictions to 

natural disasters and port congestion. This paper investigates the integration of predictive Artificial 

Intelligence (AI) models into international logistics systems as a proactive mechanism to anticipate, 

evaluate, and mitigate such disruptions. Utilizing a multidisciplinary approach, this study synthesizes 

advancements in machine learning, network optimization, and real time data analytics to demonstrate 

how AI is revolutionizing supply chain risk management. Through comparative analysis and empirical 

examples, it is shown that predictive AI not only enhances operational resilience but also offers 

economic advantages by minimizing downtime and rerouting logistics in near real time. The paper 

presents a framework for implementing AI driven predictive systems within global logistics operations, 

emphasizing ethical considerations, data governance, and international policy harmonization. 

Ultimately, this research highlights AIôs transformative potential in shaping a more adaptive, secure, 

and efficient global trade network.   

Keywords: Predictive AI, Supply Chain Disruption, Geopolitical Risk, Port Congestion, Logistics 

Optimization. 
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Abstract 

 

A breakthrough in the development of information technology is the most relevant expression of future 

social development. Today, digital transformation is one of the most important directions in 

international economic development policy. 

 

The main prerequisites for digital transformation are new technologies: mobile Internet, social 

networks, Artificial Intelligence (AI), BigData, cloud technologies, new generation robots, virtual and 

augmented reality, Internet of Things, blockchain. Obviously, they appeared a long time ago, but the 

conditions for their widespread use have developed only in the last decade. First of all, this was 

influenced by the increased functionality and lower cost of technology.  

 

Considering the current stage of development of society and the economy, it can be argued that today 

we are witnessing a complete transition to a digital society, after many years of industrial development.  

The digital transformation of the economy is taking place all over the world, at the level of individual 

companies. Studying this process is especially relevant now, when we observe how international 

companies create strong competitive advantages through the digital transformation of business 

processes, which gives them leading positions on a global scale and great superiority in the 

technological development of other organizations.  

 

At the present stage, the digital transformation of business processes is an essential component in the 

activities of trading companies, which occurs gradually and can last for years. The use of new 

technologies in the activities of trading companies will be effective if the technologies, models and 

competence of personnel meet the conditions for using the company's digital development strategy. 

Digital transformation strategies and models are based on the use of digital technologies to change 

business processes and create a competitive business, which makes it possible to obtain financial 

benefits in the short term. 

 

Key words: Digital transformation, Business processes, Trading companies, Digital strategies, Business 

models 
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Abstract 

 

Th s study nvest gates the theoret cal and pract cal aspects of the b plot method, an mportant 

v sual zat on techn que n the f eld of mult var ate data analys s. B plot makes mult d mens onal data 

structures comprehens ble through two-d mens onal graphs by represent ng both observat on un ts 

(samples) and var ables on the same plane. 

 

B plot s a way of prov d ng an nterpretat on of a common graph of row and column po nts. Th s s 

based on us ng scalar products among row vectors and column vectors, l nked to the lengths of the 

vectors and the angles between them, not the d stances between the po nts. In a b plot, just one of the 

sets of features, rows or columns, s dep cted n the base coord nates. Th s feature allows researchers 

to s multaneously analyze the relat onsh ps between var ables, the s m lar t es between observat ons, 

and wh ch var ables affect wh ch observat ons more. 

 

In the study, the mathemat cal foundat ons of b plot analys s are expla ned and ts relat onsh p w th 

pr nc pal component analys s s evaluated. Follow ng the theoret cal part, an appl ed b plot analys s 

was performed on a mult var ate data set from agr cultural sc ences; the or entat on of var able 

vectors, d str but on of observaton po nts and cluster ng tendenc es were nterpreted n deta l. 

 

The f nd ngs show that the b plot method not only supports stat st cal analyses, but s also an effect ve 

v sual zat on tool n dec s on support processes. The research underl nes the need for b plot analys s, 

espec ally n nterd sc pl nary stud es that seek to make sense of complex data structures. 

 

Key words: B plot, Pr nc pal Components, Mult var ate Analys s, V sual zat on, Data Explorat on 
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Abstract 

 

The ncreas ng use of art f c al ntell gence (AI) and algor thm-based dec s on support systems n publ c 

adm n strat on ra ses s gn f cant concerns regard ng transparency and accountab l ty n the context of 

governance pr nc ples. As d g tal zat on accelerates, the prol ferat on of algor thm c systems n publ c 

serv ces reduces the role of human agency n dec s on-mak ng processes. However, the lack of clar ty 

n the funct onng of these systems presents cr t cal challenges for both c t zens and overs ght 

mechan sms n terms of transparency and aud tab l ty. In part cular, the opac ty of so-called ñblack boxò 

algor thms underm nes publ c trust and contrad cts the pr nc ples of democrat c accountab l ty. 

Th s study adopts a qual tat ve methodology, draw ng on l terature rev ew, leg slat ve analys s, and the 

exam nat on of pol cy documents. Key regulatory frameworks such as the General Data Protect on 

Regulat on (GDPR) of the European Un on, the Turk sh Personal Data Protect on Law (KVKK), the 

OECD Pr nc ples on AI, and the proposed AI Act are analyzed w th respect to algor thm c transparency. 

Case examples from Turkeyðsuch as algor thm c appl cat ons n soc al ass stance d str but on and e-

government serv cesðare d scussed. Internat onal pract ces from the EU, Canada, and the Un ted States 

concern ng the use of algor thms n publ c serv ces are also rev ewed. 

The f nd ngs reveal that the legal framework govern ng publ c algor thms n Turkey rema ns nadequate, 

publ c awareness s l m ted, and algor thms are mplemented w thout suff c ent overs ght mechan sms. 

The study emphas zes the necess ty for a comprehens ve transparency mechan sm supported by 

expla nable AI systems, algor thm c mpact assessments, and mproved levels of d g tal l teracy among 

c t zens. 

Key words: Algor thm c Transparency, Art f c al Intell gence n Publ c Adm n strat on, Accountab l ty 
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Abstract 

 

Tēbb  Patoloj  Laboratuvarē rut n ĸlemler ; pre anal t k, anal t k ve post anal t k s¿re­ler olarak 

ayrēlmasē ardēndan anal t k aĸamada tanē almasē hedeflenen doku veya h¿cre gruplarēnēn farklē 

aĸamalardan ge­ r lerek dokuya a t ºn b lg  ve elde ed len ver ler eĸl ĵ nde ncelenmes  talep ed len 

doku ve h¿cre grubunun tanē alma s¿rec  olarak tanēmlanab l r. Tanē alma s¿rec nde olan doku veya 

h¿cre grubu; makroskop , doku tak p, doku gºmme, tr mm ng, kes t alma, bas t ve kapsamlē boyama le 

ĶHC, ĶF, FĶSH, ĶSH g b  daha kapsamlē ĸ ve ĸlemler  kapsayan uzun b r s¿re­t r. Bu s¿re­ aĸama aĸama 

devam eder, her aĸamada farklē unsurlar, sarf malzemeler, tekn k ara­ ve gere­ler kullanēlmasē 

zorunludur. ¦ret m amacēn ve vasfēnē y t rm ĸ olan t¿m malzeme atēk olarak tanēmlanmēĸtēr. Atēklar, 

yer nde ve t¿r¿ne gºre farklē alanlarda farklē unsurlar kullanēlarak toplanmēĸ ve ge­ c  atēk depolama 

b r m nde atēk bertaraf y¿klen c s ne s¿re­ tesl m s¿rec n n tamamlanmasē le tesl m ed lm ĸt r. 

Anal t k s¿re­ sonunda; 2013-2024 yēllarē arasēnda tekn k alanēnda ¿ret len b yops  sayēsē ve zorluĵu 

le ¿ret len atēk prof l m ktarē arasēndak  deĵ ĸ m ve deĵ ĸ me etk  eden tekn k unsurlar 

deĵerlend r lm ĸt r. 2013 yēlēndan baĸlayan ve 2020 yēlēna kadar aralēksēz devam eden s¿re­te b yops  

baĸēna y¿k m ktarēnda artēĸēn ortalama tehl kel , patoloj k atēk ¿ret m prof l  b yops  baĸēna d kkate 

deĵer artēĸ gºstermed ĵ  ancak 2020 yēlēnda evsel ve kes c  del c  atēk m ktarēnda ºncek  yēllara gºre 

bel rg n b r atēĸ meydana geld ĵ  ve artēĸ eĵ l m n n azalarak 2023 yēlēna kadar s¿rd¿ĵ¿ 2024 yēlē 

baĸēndan t baren se rut n atēk ¿ret m prof l ne uygun devam ett ĵ  anlaĸēlmēĸtēr. 

Dºnem olarak, 2020 yēlē baĸēndan baĸlamak ¿zere b yops  sayēsēnda anlamlē d¿ĸme gºr¿lmes ne raĵmen 

evsel ve kes c  del c  atēk ¿ret m m ktarēnda gºr¿len c dd  y¿ksel ĸ 17.11.2019 tar h nde ¢ nôde lk 

Cov d-19 vaka sonrasē 11.03.2020 tar h nde ¿lkem zde lk vakanēnn tesp t ed lmes  le k ĸ sel koruma 

ºnlemler ndek  y¿ksek artēĸēn neden olab leceĵ n  d¿ĸ¿nd¿rmekted r. Cov d-19 vakalarē ve 14.01.2021 

tar h nde aĸēlama uygulamasēnēn baĸlamasē le evsel ve kes c  del c  atēk ¿ret m m ktarēnda anlamlē 

azalma gºr¿lm¿ĸ, 05.05.2023 tar h nde, WHO d rektºr¿ T. Ghebreyesus 15.  Ac l durum toplantēsēnda; 

k¿resel halk saĵlēĵē ac l durumuna son vermey  tavs ye etm ĸt r. Bu nedenle Cov d-19 k¿resel ac l 

durumunun b tt ĵ  a­ēklamasē le 2024 yēlēndan t baren 2013-2019 seyrne ger  dºnd¿ĵ¿ anlaĸēlmēĸtēr. 

Anal t k s¿re­ ĸlemler  sonucu ortaya ­ēkan evsel, patoloj k, tehl kel , kes c  del c  atēk m ktarē le 

b yops  sayēsē oranē cov d-19 s¿rec  2020-2021 yēllarē ¿ret m  le karĸēlaĸtērēldēĵēnda 

(p>0,78) stat st ksel olarak anlamlē bulunmamēĸtēr. Ancak pandem  dºnem n  kapsayan k¿resel saĵlēk 

sorununun yoĵun yaĸandēĵē ve b yops  sayēsēnēn b r ºncek  yēla gºre en az %34 oranēnda azaldēĵē, 2020 

ve 2021 pandem  yēllarēnda k ĸ sel korunma ºnlemler  ve evsel atēk ¿ret m nde %42, kes c  del c  atēk 

¿ret m nde %250 oranēnda artēĸ gºr¿lm¿ĸ, stat st ksel olarak anlamlē gºr¿lm¿ĸt¿r (P<0,05). (WHO) 

D¿nya Saĵlēk ¥rg¿t¿ôn¿n 05.05.2023 tar h nde k¿resel halk saĵlēĵē acl durumuna son vermes  le 

b rl kte evsel ve kes c  del c  atēk ¿ret m oranē 2013-2019 dºnem  rakamlarēna ger  dºnm¿ĸt¿r. Post 

pandem  s¿rec nde se rut n atēk ¿ret m m ktarlarēna ger  dºn¿ld¿ĵ¿n¿, pandem  g b  k¿resel etk ler n 

klas k doku tak p, rut n laboratuvar s¿re­ler nde atēk ¿ret m ne etk s n n anlamlē d¿zeyde olmadēĵēnē 

gºstermekted r.  

Key words: Cov d-19, Med cal waste, Domest c waste. 
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¥zet 

 

Bu ­alēĸma, d j talleĸmen n hēz kazandēĵē g¿n¿m¿z ekonom k ortamēnda s ber g¿venl ĵ n 

makroekonom k pol t ka le olan l ĸk s n  ncelemey  ama­lamaktadēr. F nansal s stemler n d j tal 

altyapēlara baĵēmlēlēĵē arttēk­a, s ber g¿venl k r skler  yalnēzca tekn k d¿zeyde deĵ l, ekonom k karar 

alma s¿re­ler nde de ºnem kazanmaktadēr. S ber saldērēlarēn f nansal p yasalarda dalgalanmalara 

neden olab leceĵ , kamu mal yes  ¿zer nde baskē oluĸturab leceĵ  ve yatērēmcē g¿ven n  etk leyeb leceĵ  

l terat¿rde g derek daha fazla tartēĸēlmaktadēr. ¢alēĸmada, s ber tehd tler n ekonom  ¿zer ndek  

potans yel etk ler  dºrt ºneml  vaka (Colon al P pel ne, SWIFT saldērēsē, Norsk Hydro ve NotPetya) 

aracēlēĵēyla deĵerlend r lm ĸ; bu olaylarēn kēsa vadel  ekonom k sonu­larēnēn yanē sēra pol t ka yanētlarē 

da ncelenm ĸt r. Ayrēca uluslararasē d¿zenlemeler ve merkez bankalarēnēn yaklaĸēm b ­ mler  ēĸēĵēnda, 

s ber g¿venl ĵ n ekonom  pol t kasē ­ ndek  yer  tartēĸēlmēĸtēr. Elde ed len bulgular, s ber g¿venl ĵe 

yºnel k tehd tler n ekonom k yºn¿n¿n g derek daha gºr¿n¿r h©le geld ĵ n  ve ºzell kle f nansal 

st krarēn s¿rd¿r¿leb l rl ĵ  a­ēsēndan d kkate alēnmasē gerekt ĵ n  gºstermekted r. Bu doĵrultuda, d j tal 

altyapēlarēn korunmasē ­ n merkez bankalarēnēn ve kamu otor teler n n daha b¿t¿nc¿l b r yaklaĸēm 

gel ĸt rmes  ºner lmekted r. 
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¥zet 

 

Bu ­alēĸma, yapay zeka teknoloj ler n n tar hsel gel ĸ m s¿rec , temel sēnēflamalarē ve g¿ncel uygulama 

alanlarēnē nceleyerek, sºz konusu teknoloj ler n ekonom k yapē, toplumsal d¿zen ve b l msel ¿ret m 

¿zer ndek  ­ok katmanlē etk ler n  anal z etmey  ama­lamaktadēr. Yapay zekanēn sanay , saĵlēk, eĵ t m, 

savunma ve h zmet sektºrler nde sunduĵu ver ml l k artēĸē, mal yet azaltēmē ve h zmet kal tes  g b  

katkēlarēn yanēnda; ĸ g¿c¿ p yasasē, gel r daĵēlēmē, et k normlar ve ver  mahrem yet  baĵlamēnda ortaya 

­ēkardēĵē r skler, b¿t¿nc¿l b r yaklaĸēmla deĵerlend r lm ĸt r. K¿resel ºl­ekte ¢ n, ABD, Japonya, G¿ney 

Kore ve Almanyaônēn ºnc¿l¿ĵ¿nde ĸek llenen yapay zeka ve robot k yatērēmlarē, T¿rk ye ºrneĵ  

¿zer nden karĸēlaĸtērmalē olarak ncelenm ĸ; T¿rk yeôn n bu teknoloj k dºn¿ĸ¿me sanay , h zmet ve 

kamu sektºrler  d¿zey nde verd ĵ  tepk ler s stemat k b ­ mde anal z ed lm ĸt r. ¢alēĸma sonucunda, 

yapay zeka teknoloj ler n n yalnēzca ekonom k b¿y¿me ve b l msel lerleme a­ēsēndan deĵ l, aynē 

zamanda toplumsal refah, sosyal adalet ve yºnet ĸ m lkeler  bakēmēndan da dºn¿ĸt¿r¿c¿ b r rol 

¿stlend ĵ  ortaya konulmuĸtur.  
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Abstract 

 

Th s study a ms to systemat cally exam ne the recent academ c l terature on b g data use n 

bus nesses, focus ng on the most commonly appl ed data analys s methods, funct onal bus ness areas 

where b g data s ut l zed, and the benef ts and challenges encountered n ts mplementat on. 

Follow ng the PRISMA methodology, a total of 185 peer-rev ewed art cles from the last f ve years 

were selected from the Web of Sc ence database. Themat c analys s revealed that the most frequently 

used methods are data m n ng and b g data analyt cs (40.8%), art f c al ntell gence and mach ne 

learn ng techn ques (34.2%), and stat st cal analys s and model ng approaches (25.0%). B g data s 

most ntens vely employed n strateg c management (52.2%), nformat on technolog es and d g tal 

transformat on (47.8%), and market ng and customer relat onsh p management (32.1%). The 

pr mary challenges dent f ed n the l terature nclude data ntegrat on and s loed systems (40.2%), 

complex ty due to data volume and var ety (33.7%), and technolog cal nfrastructure and cost 

barr ers (31.5%). In contrast, benef ts of b g data use were reported less frequently, w th only 3.8% 

of stud es ment on ng mproved dec s on qual ty and 1.6% report ng compet t ve advantages. These 

f nd ngs suggest that although b g data holds substant al potent al for organ zat onal value creat on, 

bus nesses face cons derable techn cal and manager al obstacles n real z ng these benef ts 

effect vely. 

Key words: B g Data, Data Analyt cs, D g tal zat on n Bus ness, Systemat c Rev ew, Themat c 

Analys s 
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Abstract 

 

Wood is a heterogeneous, complex material consisting of various cell types. These cells form special 

arrangements and have different shapes depending on the tree species. However, their shapes and 

arrangements may change due to defects in the natural structure. A classical method for identifying 

wood is to examine wood sections with a microscope. Various image processing techniques developed 

today facilitate faster and more accurate determination of the cellular structure of wood. The method 

allows in-depth analysis of cells to evaluate wood quality and technological properties. Sections taken 

from a piece of wood are identified using image processing algorithms. Image processing: are methods 

that enable the digitization of images and conversion into data sets with various techniques. Using 

microscopic images in the wood section, they are processed and analyzed with computer programs. 

There are different computer programs and algorithms prepared for this purpose. Images are obtained 

with various image acquisition methods, including surface images, wood anatomical micro sections, 

micro-CT tomograms or X-ray computerized micro tomography. These images allow the software to 

detect important wood anatomical features such as cell shape and size. Cell quantities and percentages 

are extracted from the image. Comparisons of commonly used image analysis methods have shown 

agreement between the methods. There is high success in species identification, determination of defect 

rates and agreement with microscopic data. 

 

Key words: Image analys s, Image process ng, Morpholog cal operat ons, Wood anatomy 
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Abstract 

 

Ac d-sens ng on channels (ASICs) are w dely expressed n the per pheral and central nervous 

systems. ASICs act as pH sensors lead ng to neuronal exc tat on. These channels are a fam ly of 

proton-sens ng channels that are voltage- nsens t ve, mostly permeable to Na+, and nonspec f cally 

blocked by am lor de. At least seven ASIC subun ts encoded by f ve genes (ASIC1-ASIC5) have been 

dent f ed n the per pheral and central nervous system: ASIC1a, ASIC1b, ASIC2a, ASIC2b, ASIC3, 

ASIC4, ASIC5. Ac d-sens ng on channels play an mportant role as pharmacolog cal targets due to 

the r nvolvement n var ous pathophys olog cal cond t ons. These channels are mportant 

pharmacolog cal targets n var ous pathophys olog cal processes affect ng the per pheral nervous 

system, such as neuropath c pa n and d abet c neuropathy, and the central nervous system, nclud ng 

ep lepsy, stroke, m gra ne, anx ety, depress on, neurodegenerat ve d seases, and other neurolog cal 

d sorders. Th s rev ew focuses on recent advances that have helped us to better understand the role 

played by ASICs n d fferent patholog es related to per pheral and central nervous systems d seases. 

The role played by ASICs n d fferent patholog es and pharmacolog cal agents that act on ASICs and 

may represent prom s ng drugs are d scussed. In the near future, ASIC antagon sts and modulators 

may also be cons dered as potent al pharmacolog cal targets n per pheral and central nervous 

system d seases. 

Key words: Ac d sens t ve on channels, Ac dos s, Per pheral and central nervous system d seases 
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Abstract 

 

The start ng po nt for the cho ce of the theme s that Industry 4.0 has been dramat cally affected by 

art f c al ntell gence technology, wh ch has led to both pos t ve and negat ve results. Increased 

product v ty and better opt m zat on processes have allowed factor es to be more eff c ent, but due to the 

capab l t es offered by art f c al ntell gence, profess ons that are at r sk of automat on are dent f ed on 

the market. Industry 4.0 s character zed by the ntegrat on of d g tal technolog es and automat on n 

product on 

The paper deals w th the concept of Industry 4.0, h ghl ght ng key technolog es such as cloud 

manufactur ng, the Internet of Th ngs (IoT), art f c al ntell gence (AI) and b g data analys s that have 

a dec s ve role n reshap ng ndustr al processes. The paper explores the percept on of Industry 4.0, 

h ghl ght ng ts mpact on product on eff c ency, the analys s of the manufactur ng process n general. 

Industry 5.0 has emerged as an ent ty that leads to a coherent, res l ent and stable soc ety. Th s paper 

attempts to present an emp r cal project on of current art f c al ntell gence systems and the poss ble 

mpact on ndustr es and soc et es. Industry 5.0 analyzes the chang ng dynam cs of the workforce, 

emphas z ng the need for mprovement and adaptab l ty n the face of automat on and technolog cal 

advances. 

An mportant role n the development of the paper s played by the dea that Industry 4.0 s cons dered 

to be technology-based, wh le Industry 5.0 s value-based. The trans t on from one ndustr al revolut on 

to another ra ses several quest ons, wh ch n turn requ re d scuss on and clar f cat on. 

Th s paper prov des an overv ew of the concept on and percept on of Industry 4.0, wh le ant c pat ng 

the parad gm sh ft towards Industry 5.0. It emphas zes the mportance of reth nk ng the ent re system n 

the context of evolv ng technolog es, emphas z ng technolog cal nnovat on. 

In order to h ghl ght the bas c components for Industry 4.0 and Industry 5.0, we used Petr  nets to 

s mulate an emp r cal model, because the advantages and d sadvantages of manufactur ng systems can 

be observed n real t me and the dec s on-mak ng system can ntervene from the des gn phase. 

Key words: Industry 4.0, Industry 5.0, Cloud manufactur ng, Internet Of Th ngs   
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¥zet 

 

En temel yaĸam hakkē olan saĵlēk, genel olarak hastalēĵēn baĸtan engellenmes  ve hastalēk hal nde 

teĸh s ve tedav n n ger­ekleĸt r lmes  olarak tanēmlanmaktadēr. Ancak bunlara ek olarak b rey n 

f z ksel, z h nsel, duygusal veya sosyal a­ēdan tam ĸlevsel hale gelmes n  destekleyen rehab l tasyon 

s¿rec  de saĵlēĵēn kapsamēna g rmekted r. Bu sebeplerden dolayē saĵlēk yalnēzca hastalēk ºnces  ya 

da tedav s  s¿rec yle kēsētlanamayacak, b rey n yaĸam kal tes n  artērmaya yºnel k ­ok yºnl¿ b r 

s¿rec  fade etmekted r. Bu yºn¿yle saĵlēk, sosyal devlet lkes  gereĵ  devlet tarafēndan sunulmasē ya 

da reg¿le ed lmes  gereken kamusal b r mal olarak n telend r leb l r. 

D ĵer yandan, toplumlarēn varlēĵēnē devam ett reb lmeler  ­ n saĵlēĵēn temel ĸart olmasē toplumun 

kalkēnmēĸlēk d¿zey  le saĵlēk arasēnda ayrēlmaz b r baĵ oluĸturmaktadēr. Bu y¿zden saĵlēk, d¿nya 

genel nde olduĵu g b  T¿rk ye ve Avrupa B rl ĵ ônde (AB) de sunulan baĸat kamusal h zmetlerdend r.  

Kalkēnma s¿rec yle b rl kte toplumsal beklent ler n deĵ ĸmes , n¿fus artēĸē, demograf k yapēnēn 

deĵ ĸmes  ve teknoloj k gel ĸmeler, saĵlēk harcamalarēnda artēĸa neden olmuĸ ve T¿rk ye ve ABôde 

saĵlēk pol t kalarēnēn yapēlandērmasēnē gerekt rm ĸt r. Yapēlan reformlar le saĵlēkta dºn¿ĸ¿m 

­alēĸmalarē baĸlamēĸ ve bu ­alēĸmalarda sadece b reysel arz ve talep denges  deĵ l hastalēĵēn topluma 

ve ekonom ye y¿k¿ de ele alēnmēĸtēr. Terc h ed len saĵlēk s stemler  ve uygulama ĸek llern n yanē sēra 

bu s stemler n ºzell kler  de saĵlēk harcamalarēna yºn vermekted r. Bu ­alēĸmada, T¿rk ye ve AB 

saĵlēk pol t kalarē ve harcamalarē karĸēlaĸtērmalē olarak tartēĸēlmēĸtēr. 

Anahtar Kel meler: Saĵlēk Pol t kasē, Saĵlēk Harcamasē, Kamusal Mal. 
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¥zet 

Ps koterap , b reyler n ruh saĵlēĵēna yºnel k sorunlarē anlamalarēnē ve ­ºzmeler n  destekleyen b l msel b r tedav  

yºntem d r (APA, 2016).  Stresl  yaĸam olaylarē, hastalēklarla baĸ etme, travma sonrasē etk ler ve yas s¿rec n n 

yanē sēra depresyon ve anksyete g b  ps k yatr k rahatsēzlēklarēn tedav s nde yaygēn olarak kullanēlmaktadēr. Son 

yēllarda yapay zek© (YZ) teknoloj ler n n gel ĸmes yle, ps koterap  alanēnda d j tal uygulamalarēn kullanēmē ºneml  

ºl­¿de artmēĸtēr. YZônēn nsan duygularēnē ve d¿ĸ¿nceler n  anal z edeb lme yeteneĵ , ps koterapºt k m¿dahaleler  

destekley c  mkanlar sunmaktadēr.  

YZ tabanlē terapºt k uygulamalar, terap stler  destekley c  s stemler olarak veya doĵrudan danēĸanlarla etk leĸ me 

g ren sanal terap stler ve chatbotlar ĸekl nde kullanēlmaktadēr. Tess, Woebot, Wysa ve Youper g b  uygulamalar; 

depresyon ve anks yete g b  yaygēn ruhsal sorunlarēn yºnet m nde b l ĸsel yen den yapēlandērma, ps ko-eĵ t m ve 

farkēndalēk gel ĸt rme ĸlevler  ¿stlenmekted r.  Sanal ger­ekl k tabanlē avatar terap s , ĸ zofren  g b  bozukluklarda 

ĸ tsel hal¿s nasyonlarē azaltma potans yel  taĸērken; gen­ler ­ n gel ĸt r len SPARX g b  d j tal BDT (b l ĸsel 

davranēĸ­ē terap ) programlarē, duygu d¿zenleme becer ler n  gel ĸt rmeye yardēmcē olmaktadēr. Yapay zekanēn 

doĵal d l ĸleme yetenekler  sayes nde, b reyler n fadeler  anal z ed lerek ruhsal rahatsēzlēk bel rt ler  erken 

aĸamada tesp t ed leb lmekted r. Bu teknoloj ler, k ĸ ye ºzel terap  planlarē oluĸturmak, olumsuz d¿ĸ¿nceler  

sorgulamak ve duygusal dayanēklēlēĵē artērmak ­ n etk l  ĸek lde kullanēlab lmekted r. YZ temell  terapºt k 

s stemler arasēnda robot terap s  de d kkat ­ekmekted r. Yaĸlēlar ve demans hastalarē ­ n gel ĸt r len Paro g b  

sosyal robotlar, b reyler n sosyal etk leĸ mler n  g¿­lend rerek yalnēzlēk ve stres d¿zeyler n  azaltmaya yardēmcē 

olmaktadēr. 

YZ destekl  s stemler, d¿ĸ¿k mal yet, gen ĸ er ĸ m, anēnda m¿dahale ve k ĸ selleĸt r lm ĸ tedav  g b  avantajlar 

sunmaktadēr. Ancak et k, g¿venl k ve ver  g zl l ĵ  konularēnda tartēĸmalara yol a­maktadēr. Empat k l ĸk n n ve 

nsan temasēnēn ºneml  olduĵu ps koterap  s¿re­ler nde, yapay zek©nēn sēnērlēlēklarē gºz ºn¿nde 

bulundurulmalēdēr. Sonu­ olarak, YZôn n ps koterap ye entegrasyonu ºneml  b r dºn¿ĸ¿m s¿rec n  beraber nde 

get rmekted r. Ķnsan terap stler n yer n  tamamen almasē m¿mk¿n gºr¿nmese de en etk l  yaklaĸēmēn nsan-YZ ĸ 

b rl ĵ  olduĵu d¿ĸ¿n¿lmekted r. Et k lkelere uygun gel ĸt r len YZ s stemler n n, ruh saĵlēĵē h zmetler n  daha 

er ĸ leb l r ve etk l  hale get rmes  beklenmekted r. Bu derleme, YZôn n ps koterap dek  kullanēmēnē, et k 

tartēĸmalarē ve gelecektek  olasē dºn¿ĸ¿mler  deĵerlend rmekted r. 

Anahtar Sºzc¿kler: Ruh Saĵlēĵē, Yapay Zeka, Ps koterap . 
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¥zet 

 

Pazarlama, hanehalkē, ĸ ortaklarē ve t¿m toplum ­ n deĵer taĸēyan tekl fler  yaratma, letme, sunma 

ve deĵ ĸt rme faal yet ne l ĸk n s¿re­ler b¿t¿n¿ olarak fade ed leb l r. Uzun yēllar boyunca 

geleneksel yºntemlere y¿r¿t¿len pazarlama s¿rec  sosyal medya ve d j tal d¿nyanēn hēzlē gel ĸ m  

sonucunda evr mleĸerek daha etk l  organ ze ed lmeye baĸlanmēĸtēr. Sºz konusu d j talleĸme ve sosyal 

medyanēn hēzla ve b¿y¿yerek yayēlēmē modern d¿nyada markalarēn m¿ĸter lere ulaĸma yºntemler n n 

kºkten deĵ ĸmes ne neden olmuĸtur. Geleneksel pazarlama yºntemler ne kēyasla daha hēzlē, 

ºl­¿leb l r ve etk leĸ ml  olan d j tal pazarlama, bu yºntem  etk l  kullanan ĸletmeler n rekabet 

avantajē elde etmes n  saĵlamēĸtēr. D j tal pazarlamada ortaya ­ēkan son yºntem se sosyal medya 

pazarlamasē olmuĸtur. B reyler n, topluluklarēn ve markalarēn d j tal platformlar aracēlēĵēyla ­er k 

paylaĸmasēnē, etk leĸ mde bulunmasēnē ve let ĸ m kurmasēnē saĵlayan ­evr m ­  aĵlarēn genel adē 

olan sosyal medya, kullanēcēlarē tarafēndan oluĸturulan ­er kler n ºn planda olduĵu, etk leĸ m ve 

katēlēmēn esas alēndēĵē b r medya t¿r¿d¿r. 2025 yēlē t bar yle d¿nya genel nde yaklaĸēk 5,5 m lyar 

nsanēn sosyal medya kullandēĵē ve bu nsanlarēn g¿nl¿k ortalama 2,5 saatler n  sosyal medyada 

ge­ rd kler  varsayēmē altēnda sosyal medya b r numaralē pazarlama yºntem  hal n  almēĸtēr. Sonu­ta 

marka b l n rl ĵ n n artērēlmasē, hedef k tleyle doĵrudan let ĸ m kurulmasē ve satēĸlarēn artērēlmasē 

­ n sosyal medya vazge­ lmez b r kanal hal ne gelm ĸt r. D j tal pazarlama ve sosyal medyanēn hēzla 

geleneksel pazarlama yºntemler n n yer n  almasēnēn temel nde daha d¿ĸ¿k mal yetl  olmasē, 

ºl­¿leb l r ve hedefleneb l r olmasē, k ĸ selleĸt rme mkanē sunmasē, ger­ek zamanlē ver  anal zler yle 

anlēk stratej  deĵ ĸ kl kler ne z n vermes , satēĸlarē artērmada, marka sadakat  ve m¿ĸter  l ĸk ler  

gel ĸt rmede etk l  olmasē g b  b r­ok neden yatmaktadēr. Saĵlēk sektºr¿ a­ēsēndan se, saĵlēk h zmet  

saĵlayēcēlarēnēn tanētēlmasē baĸta olmak ¿zere hasta b lg lend rme ve eĵ t m, hasta deney m  ve 

deĵerlend rme, saĵlēk tur zm  g b  b r­ok alanda d j tal pazarlama ve sosyal medyaya baĸvurulmasē 

sºz konusudur. Bu kapsamda, h per k ĸ selleĸt r lm ĸ saĵlēk reklamlarē, tele saĵlēk ve sanal h zmetler , 

b¿y¿k ver  ve yapay zeka entegrasyonu d j tal pazarlama ve sosyal medyanēn saĵlēk sektºr¿ndek  

trendler n  oluĸturmaktadēr. 

Anahtar Kel meler: Saĵlēk, Pazarlama, Kamusal Mal. 

  



II. Internat onal Data Sc ence and Informat on Technolog es 

Congress (INFTEC 2025) Budapest/Hungary May 22-23, 2025 

 

31 

 

Hybrid Portfolio Optimization Using Fuzzy Logic and Genetic Algorithms: A 

Comparative Study 

 

Cemal ¥zt¿rk1*
 

 
1 Pamukkale University, Faculty of Economics and Administrative Science, Department of Economics, 

T¿rkiye 

 

*Corresponding author e-mail: cemalo@pau.edu.tr  

 
Abstract 

 

This research evaluates the potential of using a Fuzzy Logic-based Genetic Algorithm (Fuzzy-GA) as 

an alternative to traditional portfolio optimization methods such as Markowitz, Minimum Variance, 

and Equal Weight. The goal is to create more balanced and efficient investment portfolios by 

integrating multi-criteria decision-making using fuzzy logic. We analyzed the daily closing prices of 

the 30 large-cap companies listed in the Dow Jones Industrial Average (DJIA) spanning from 

January 1, 2020, to March 10, 2025. The optimization process utilized daily logarithmic returns as 

input data. The Fuzzy-GA model incorporates genetic algorithm core mechanics for individual 

generation and crossover and mutation but includes a fuzzy inference system to evaluate portfolios. 

This system evaluates risk and return and diversification using fuzzy rules to give each portfolio a 

fitness score. This method allows for multi-objective optimization while avoiding weight 

combinations which makes decisions more practical. According to our findings, the Fuzzy-GA model 

produced the highest annual return of 12% and kept risk at a relatively low level of 15%. The 

combination produced the best Sharpe ratio at 1.20. The model delivered strong results in terms of 

maximum drawdown at 25% while attaining the highest diversification score at 1.5. The model 

received the highest fuzzy score (0.85) which indicated its balanced nature. The Markowitz portfolio 

generated a 10% return with 18% risk and achieved a Sharpe ratio of 1.00. The Equal Weight strategy 

generated a 9% return with 20% risk and produced a Sharpe ratio of 0.80. The Minimum Variance 

strategy generated the minimum risk level of 12% but produced the smallest return rate of 7%. The 

study demonstrates how evolutionary algorithms with fuzzy logic integration provide new solutions 

for managing investment challenges in real-world market conditions. Fuzzy-GA proves to be a 

valuable instrument for investors because it generates both significant profits and sustainable risk 

management, especially when markets remain unclear. Future research could explore how this 

method performs under varying market conditions and further investigate the potential of adaptive 

fuzzy rule systems to enhance their flexibility and robustness. 

Keywords: Fuzzy Logic, Genetic Algorithm, Hybrid Optimization, Portfolio Management, Multi-

Criteria Decision Making 
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Abstract 

 

Fear of fly ng (aerophob a) s a common type of spec f c phob a n wh ch nd v duals exper ence ntense 

anx ety, pan c, and avo dance behav ors at the thought of travel ng by a rplane. Th s cond t on can 

s gn f cantly reduce a person's qual ty of l fe by nterfer ng w th bus ness, vacat on, or emergency travel 

plans. In recent years, v rtual real ty (VR)-based ntervent ons have emerged as an nnovat ve treatment 

approach for th s phob a. V rtual real ty therapy exposes the nd v dual to a s mulated fl ght exper ence 

n a controlled env ronment, teach ng them how to cope w th s tuat ons s m lar to actual a r travel. Th s 

method a ms to gradually reduce fear by s mulat ng tr gger ng scenar os such as s tt ng ns de the 

a rplane, takeoff, and turbulence. The developed software s an ntervent on v sual a med at reduc ng 

anx ety dur ng a fl ght. The goal s to reduce the anx ety of nd v duals w th fear of fly ng through 

exposure therapy. Dur ng the software development process, model ng was frst done n Blender 3D. 

The models were transferred to Un ty 3D, where necessary cod ng was performed, and a bu ld was 

created. The bu ld was then loaded onto the Meta Quest 3 headset n APK format. In the study, a 

demograph c nformat on form and the Fl ght Anx ety S tuat ons Survey, spec f cally the Flēght-Related 

Anxēety Scale and General Fl ght Anx ty Scale, were used. The analys s w ll be conducted us ng 

dependent sample T-tests or the nonparametr c counterpart, the W lcoxon S gned-Rank test. The 

mplementat on of the study s ongo ng. All stages of the study w ll be completed by the presentat on 

date and the f nal manuscr pt subm ss on deadl ne. 

Key words: Aerophob a, V rtual Real ty, Exposure Therapy, Software Development, Effect veness
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Abstract 

 

The emergence of the fourth ndustr al revolut on, known as Industry 4.0, and ts appl cat ons n the 

manufactur ng sector have ushered n a new era for bus ness ent t es. It not only prom ses to mprove 

operat onal eff c ency, but also to enhance susta nable operat onal pract ces. Th s current paper 

prov des an emp r cal analys s of management and h ghl ghts the benef ts n favor of the susta nab l ty 

d mens on n the Industry 4.0 parad gm. 

By def n t on, Industry 4.0 s an n t at ve that a ms to create a smart factory that ntegrates emerg ng 

and future technolog es such as b g data analyt cs, ndustr al IoT, add t ve manufactur ng, v rtual real ty, 

cloud technology, and ndustr al robot cs to create a cyber-phys cal system to produce ntell gent 

manufactur ng systems that are eff c ent n terms of dec s on-mak ng. 

Th s paper presents an emp r cal analys s of management for a case study nvolv ng the ntegrat on of 

several currently ava lable emerg ng technolog es that lead to a susta nable dec s on-mak ng system. 

The model ng conta ns a manufactur ng system w th b g data analys s, ndustr al IoT and a cloud system 

that commun cates w th the outs de world n order to mprove access b l ty, commun cat on and ensure 

secur ty through Internet networks. The analys s h ghl ghts, follow ng the s mulat on, through graph c 

representat ons obta ned n real t me, the occurrence of poss ble errors, delays, or poss ble nterrupt ons 

that may occur dur ng a complete and complex manufactur ng process. 

Key words: Industry 4.0, Cloud Manufacturēng, Internet Of Thēngs, Sustaēnable Management   
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Abstract 

 

Enterpr se Resource Plann ng (ERP) systems are essent al tools for manag ng and ntegrat ng 

bus ness operat ons. However, most ERP platforms are des gned w th large enterpr ses n m nd, 

lead ng to h gh mplementat on costs, techn cal complex ty, and l m ted adaptab l ty for small and 

med um-s zed enterpr ses (SMEs). These challenges are compounded by the lack of embedded 

analyt cal capab l t es, wh ch restr cts the potent al of ERP systems to serve as effect ve dec s on-

support tools. 

Th s study presents the des gn and development of a l ghtwe ght, modular ERP system that ntegrates 

descr pt ve, d agnost c, and pred ct ve analyt cs d rectly w th n ts core operat onal modulesð

Projects, Employees, Employee Payments, Veh cles, and Inventory. Ta lored spec f cally for SMEs, 

the system emphas zes modular ty, ease of use, cost-eff c ency, and the ab l ty to del ver act onable, 

real-t me ns ghts w thout the need for external bus ness ntell gence tools. The arch tecture supports 

flex ble deployment and scalab l ty, mak ng t su table for a range of SME use cases. 

The system was developed us ng real operat onal data from a manufactur ng SME and val dated 

through terat ve test ng and user feedback. Results demonstrate that embedd ng analyt cs w th n 

ERP workflows enhances operat onal transparency, supports proact ve dec s on-mak ng, and 

mproves overall bus ness ag l ty. Th s research contr butes a pract cal framework for ERP des gn 

that redef nes analyt cs as an ntegral component of bus ness operat ons, offer ng a susta nable 

pathway for SMEs to become more data-dr ven n the r day-to-day processes. 

Key words: ERP Systems, Bus ness Analyt cs, Small and Med um Enterpr ses, Data-Dr ven Dec s on 

Mak ng 
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Abstract 

V rtual real ty (VR) technology offers med cal students nteract ve, r sk-free learn ng env ronments that closely 

resemble real-l fe s tuat ons. In f elds such as anatomy, surg cal pract ces, and cl n cal scenar os, VR enhances 

exper ent al learn ng and mproves knowledge retent on. Th s technology, espec ally n s mulat on-based 

educat on, encourages learn ng w thout the fear of mak ng m stakes, thereby mprov ng the qual ty of tra n ng. 

Th s study a ms to analyze the sc ent f c l terature on the use of v rtual real ty (VR) technology n med cal 

educat on through a b bl ometr c approach. By dent fy ng publ cat on trends, key authors, nst tut ons, and 

countr es, the study h ghl ghts the ma n research themes and collaborat on networks. The study a ms to map 

the ntellectual structure of the f eld, prov d ng ns ghts nto the current state and potent al future d rect ons. 

For the research, 6816 publ cat ons were retr eved from the Web of Sc ence database. After apply ng nclus on 

and exclus on cr ter a, 4377 publ cat ons were analyzed. The f rst publ cat on on the top c was made n 1994. 

The ncluded publ cat ons were publ shed n a total of 1432 sources. The annual growth rate of the top c s 

15.5%. 24.29% of the publ cat ons were produced through nternat onal collaborat on. The average number of 

c tat ons per publ cat on s 22.39. The most prol f c journal n the f eld s BMC Med cal Educat on (140), 

followed by the Journal of Surg cal Educat on (115) and Surg cal Endoscopy and Other Intervent onal Tech. 

(100). Publ cat ons from the top 10 most prol f c journals account for 16% of the total publ cat ons. The top 

three most nfluent al authors n the f eld are Konge L. (84), Aggarwal R. (30), and Fan YB. (28). The top 10 

authors n the f eld have produced 7% of the total publ cat ons. The most research- ntens ve nst tut on n the 

f eld s the Un vers ty of Toronto (265), followed by the Un vers ty of Copenhagen (213) and Harvard Un vers ty 

(209). The top 10 nst tut ons n the f eld account for 42% of the total research. The most c ted work globally 

on th s top c s Issenberg et al. (2005), ñFeatures and Uses of H gh-F del ty Med cal S mulat ons that Lead to 

Effect ve Learn ng: A BEME Systemat c Rev ewò, wh ch systemat cally analyzed 109 papers exam n ng the 

contr but ons of h gh-f del ty med cal s mulat ons to effect ve learn ng. The research dent f ed the cond t ons 

under wh ch s mulat on-based med cal educat on s most effect ve, emphas z ng factors such as feedback 

prov s on, repeated pract ce, ntegrat on nto the curr culum, d vers ty n task d ff culty levels, use of mult ple 

learn ng strateg es, reflect on of cl n cal var at ons, controlled learn ng env ronments, personal zed learn ng 

exper ences, clearly def ned learn ng outcomes, and s mulat on val d ty. When analyz ng keyword trends over 

the years, early stud es focused on top cs such as v rtual real ty and laparoscop c sk ll measurement, along 

w th the structural val d ty of psychomotor performance. In the m d-2010s, the research focus sh fted to 

ntegrat ng VR s mulat ons nto med cal educat on curr cula and demonstrat ng the educat onal val d ty and 

rel ab l ty of these appl cat ons. From 2017 to 2019, publ cat on volume s gn f cantly ncreased, and the 

contr but on of VR to learn ng outcomes was emp r cally exam ned under the concepts of ' mpact' and 

'performance'. In recent years, themes such as augmented real ty, user acceptance, anx ety, and pat ent 

exper ence have emerged, and the mult layered effects of XR technolog es on cl n cal educat on and pract ce 

have started to be explored. 

Key words: v rtual real ty, healthcare management, med cal educat on, health Technolog es 
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Abstract 

 

Th s study s structured based on a document analys s of research publ shed between 2014 and 2024 

on d g tal med a n the preschool per od n Turkey. To collect data, searches were conducted us ng 

the keywords ñd g tal med aò and ñpreschool per odò n onl ne databases such as the Nat onal 

Thes s Center of the Counc l of H gher Educat on, Google Scholar, Derg Park, and the Nat onal 

Academ c Network and Informat on Center (ULAKBIM). A total of 89 stud es were ncluded n the 

research, cons st ng of 46 art cles, 35 master's theses, 3 doctoral d ssertat ons, 3 conference papers, 

and 2 spec al st theses, all of wh ch were open-access and publ shed n Turk sh. The stud es were 

evaluated based on cr ter a determ ned by the researchers usng the ñStudy Rev ew Form on D g tal 

Med a.ò The collected data were analyzed us ng the descr pt ve content analys s method. As a result 

of the study, t was found that the h ghest number of publ cat ons on d g tal med a occurred n 2022 

(f=15), and most of them were n the format of journal art cles (f=46). It was observed that the 

major ty of the stud es were conducted us ng a quant tat ve research des gn (f=49) and employed 

conven ence sampl ng methods (f=28). Moreover, the pr mary target groups n these stud es were 

ma nly parents (f=30) and ch ldren (f=30), and scales were the most frequently used data collect on 

tools (f=45). The most commonly used scale was the D g tal Game Add ct on Scale (f=15). Based on 

the f nd ngs, t s suggested that future stud es should adopt more comprehens ve approaches to 

exam ne the effects of d g tal med a use n the preschool per od, support research w th qual tat ve 

and m xed-method des gns, and enr ch stud es w th d vers f ed data collect on tools. Add t onally, t 

s recommended to develop fam ly- and ch ld-centered ntervent on programs regard ng d g tal med a 

use, evaluate the effect veness of these programs through exper mental stud es, and dent fy reg onal 

d fferences by conduct ng research n var ous reg ons of Turkey. 

 

Key words: Preschool per od, Document analys s, D g tal med a, Technology 
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Abstract 

 

Digital game-based learning is becoming increasingly common in early childhood education, and 

artificial intelligence (AI) tools are more accessible than ever. Particularly in digital game-based 

teaching, AI tools facilitate the creation of effective, efficient, and engaging digital games for children 

aged 3-8. Using generative AI tools, tasks such as developing game ideas and scenarios, creating 

game mechanics, designing characters, and coding can be accomplished swiftly and effectively. 

Despite their growing availability, research remains limited on how pre-service teachers perceive 

and interact with these AI technologies during the educational game design process, particularly 

within early childhood education contexts. This research aimed to examine the experiences of pre-

service early childhood teachers in developing digital games using AI tools. A qualitative case study 

approach was selected to allow detailed exploration of participants' authentic experiences and 

perceptions. The participants included 10 second-year pre-service teachers from the Early Childhood 

Education program at Tokat Gaziosmanpaĸa University. These pre-service teachers engaged in 

digital game development activities using AI tools as part of their "Instructional Technologies" 

course. Data was collected via a semi-structured focus group interview form designed by 

theresearchers. Two sessions of focus group interviews were audio-recorded, transcribed, and 

analyzed through content analysis. Initially, pre-service teachers perceived AI tools as complex and 

difficult to use, resulting in low self-confidence and significant hesitation. However, practical 

classroom experiences significantly improved these perceptions, enhancing their confidence and 

enthusiasm. Participants reported enjoying the AI-supported digital game design process, 

emphasizing that creating tangible educational materials positively influenced their views of the 

teaching profession. Moreover, they noted that the experience promoted essential 21st-century skills 

such as problem-solving, analysis, collaborative learning, creativity, and critical thinking. 

Ultimately, the pre-service teachers expressed strong intentions to integrate AI tools into their future 

teaching practices, recognizing the need to align with the technology-rich environment familiar to 

Alpha-generation learners. The findings underscore the importance of embedding hands-on AI-based 

digital game development activities within teacher education programs. Such integration can 

significantly enhance digital literacy and pedagogical skills, effectively preparing future teachers to 

meet the evolving demands of contemporary educational settings. 

Key words: Early Childhood Education, Artificial Intelligent, Digital Educational Game 
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¥zet 

 

Bu araĸtērmanēn amacē, ¿retken yapay zek© ve eĵ t m alanlarēnda yapēlan araĸtērmalarēn b bl yometr k 

anal z yºntem yle ncelenmes d r. Yapay zek©nēn sunmuĸ olduĵu yen l klerden olan ¿retken yapay zek© 

kullanēcēlara b reyselleĸt r lm ĸ ara­lar sunmaktadēr. Yapay zek© ve hesaplama teknoloj ler ¿zer ne 

yapēlan ­alēĸmalar yapay zek© teknoloj ler n n saĵlēk, adalet ve eĵ t m dah l b r­ok alanda 

kullanēlmasēna neden olmuĸtur. Yapay s n r aĵlarēnēn ve der n ºĵrenmen n get rm ĸ olduĵu yen l kler 

yapay zek© teknoloj ler n n b reysel kullanēmēna olanak saĵlamēĸ ve k ĸ ye ºzel ­er k sunulmasēnē 

beraber nde get rm ĸt r. Bu gel ĸmelerle b rl kte eĵ t m ortamlarēnda b reysel farklēlēklardan dolayē 

ºĵrenc ler n farklē ºĵrenme st ller ne, hēzlarēna ve yºntemler ne yºnel k gel ĸt r len yapay zek© destekl  

ara­larēn sayēlarēnda artēĸ meydana gelm ĸt r. ¦retken yapay zek© b reylere res m, ses, met n, ders vb. 

alanlarda or j nal ­er kler sunmaktadēr. ¦retken yapay zek©nēn sunmuĸ olduĵu bu h zmetler eĵ t m 

araĸtērmalarēna da konu olmuĸtur ve araĸtērmacēlar tarafēndan eĵ t m ¿zer ne etk ler  ncelenm ĸt r. 

Araĸtērma yºntem  olarak b bl yometr k anal z kullanēlmēĸtēr. B bl yometr k anal z yºntem  bel rlenen 

alanlarda yapēlan araĸtērmalarēn yayēn yēlē, kullanēlan anahtar kel meler, yayēn yapēlan derg ler g b  

alanlardak  eĵ l mler  ortaya koymayē ve yapēlan araĸtērmalar hakkēnda b lg  sah b  olmayē saĵlar. 

¦retken yapay zek© ve eĵ t m alanēnda yapēlan araĸtērmalarēn ncelenmes  ­ n araĸtērmacēlar 

tarafēndan terc h ed len ve farklē d s pl nler arasē araĸtērmalarēn yer aldēĵē ver  tabanlarēndan b r  olan 

Web of Sc ence (WoS) ver  tabanē kullanēlmēĸtēr. WoS ¿zer nde yapēlan araĸtērmada ñGenerat ve 

Art f c al Intell egence (¦retken Yapay Zek©)ò ve ñEducat on (Eĵ t m)ò anahtar kel meler kullanēlarak 

nceleme yapēlmēĸtēr. Araĸtērma sonucuna gºre 1333 makaleye er ĸ lm ĸt r. Araĸtērmalarēn 2022 yēlēnda 

baĸladēĵē, araĸtērmalarda 4671 yazarēn yer aldēĵē, araĸtērmalara 49.399 atēf yapēldēĵē, araĸtērmalarda 

3818 anahtar kel me yer aldēĵē gºr¿lm¿ĸt¿r. Yapēlan araĸtērmalarēn en fazla Educat on and Informat on 

Technolog es ve Educat on Sc ence derg ler nde yayēlandēĵē gºr¿lm¿ĸt¿r. Eĵ t mde ¿retken yapay 

zek©nēn kullanēlmasē ¿zer ne yapēlan araĸtērmalarēn yēllar ge­t k­e arttēĵē da tesp t ed lm ĸt r. Elde 

ed len sonu­lara gºre farklē derslere yºnel k ¿retken yapay zek© kullanēlarak gel ĸt r len eĵ t m 

materyaller n n artacaĵē ve bu alanda yapēlan ­alēĸmalarēn yaygēnlaĸacaĵē fade ed leb l r. 

Anahtar Kel meler: ¦retken Yapay Zek©, Eĵ t m, B bl yometr k Anal z. 
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¥zet 

 

D yabet, kalp hastalēĵē ve nme g¿n¿m¿zde yaygēn olarak gºr¿len kron k hastalēklardandēr. 

¢alēĸmada bu hastalēklar ­ n ­ n r sk tahm n  yapan yen l k­  b r h br t mak ne ºĵren m  platformu 

sunulmaktadēr. Gel ĸt r len model le grad ent boost ng algor tmalarēndan olan XGBoost le ­ok 

katmanlē yapay s n r aĵlarēnēn avantajlarē b rleĸt r lerek, hem y¿ksek doĵruluk hem de 

yorumlanab l rl k hedeflenm ĸt r. Ver  ºn ĸleme aĸamasēnda, her b r hastalēk ver  set nden ortak 

kl n k parametreler (yaĸ, v¿cut k tle ndeks , kan basēncē, glukoz d¿zeyler  g b ) standartlaĸtērēlmēĸ ve 

eks k ver ler medyan deĵerlerle tamamlanmēĸtēr. Kategor k deĵ ĸkenler one-hot encod ng yºntem yle 

sayēsallaĸtērēlarak model eĵ t m  ­ n uygun hale get r lm ĸt r. Gel ĸt r len h br t model, XGBoost'un 

ºzell k ºnem sēralama yeteneĵ  le ­ok katmanlē yapay s n r aĵlarēnēn karmaĸēk l ĸk ler  yakalama 

kapas tes n  b r arada kullanmaktadēr. Model performans deĵerlend rmes  kapsamēnda, doĵruluk 

(accuracy), kes nl k (prec s on), duyarlēlēk (recall) ve F1-skor metr kler  kullanēlmēĸ olup ­apraz 

doĵrulama (cross-val dat on) sonu­larē, model n genelleme yeteneĵ n  gºstermekted r. S stem, 

ºzell kle b r nc  basamak saĵlēk h zmetler nde, hastalarēn ­oklu kron k hastalēk r skler n n erken 

bel rlenmes  ve kĸ selleĸt r lm ĸ ºnlem stratej ler  gel ĸt r lmes  amacēyla kullanēlab lecek g¿­l¿ b r 

kl n k karar destek aracē olarak tasarlanmēĸtēr. Kullanēcē dostu aray¿z¿ sayes nde tēp uzmanlarē, 

hasta parametreler n  g rerek anēnda r sk tahm nler  hakkēnda b lg  alab lmekted r. ¢alēĸma, mak ne 

ºĵren m n n kl n k uygulamalardak  potans yel n  gºstermekle kalmayēp, ºzell kle farklē 

kaynaklardan gelen tēbb  ver ler n entegrasyonu ve yorumlanab l r yapay zeka modeller n n 

gel ĸt r lmes  konularēnda metodoloj k b r referans sunmaktadēr. Gelecektek  ­alēĸmalarda, daha 

fazla hastalēk t¿r¿n¿n ve daha gen ĸ hasta pop¿lasyonlarēnēn modele dah l ed lmes  planlanmaktadēr. 

Anahtar Kel meler: Mak ne ¥ĵrenmes , XGBoost, Hastalēk Tahm n   
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Abstract 

 

InsurTech represents the ntegrat on of technology nto the nsurance ndustry, a m ng to transform the 

sector through nnovat ve bus ness models and d g tal appl cat ons. Th s paper explores the global 

mpacts of InsurTech on the nsurance sector, analyz ng current trends and future potent als. 

InsurTech appl cat ons leverage advanced technolog es such as art f c al ntell gence, mach ne 

learn ng, blockcha n, b g data analyt cs, and the Internet of Th ngs (IoT) to enhance operat onal 

eff c ency, mprove customer exper ence, and opt m ze r sk management. Part cularly, d g tal zat on n 

cla ms management, underwr t ng processes, and d str but on channels has s gn f cantly reshaped the 

trad t onal structures of the nsurance ndustry. 

The study evaluates nternat onal case stud es to llustrate how InsurTech startups nteract w th ex st ng 

nsurance ecosystems and addresses emerg ng regulatory challenges. Add t onally, the current status, 

opportun t es, and obstacles faced by InsurTech n t at ves n Turkey are exam ned, prov d ng strateg c 

recommendat ons ta lored to the nat onal context. 

In conclus on, the pos t ve contr but ons of InsurTech to the d g tal transformat on of the nsurance 

sector and ts susta nab l ty are h ghl ghted, emphas z ng that adaptat on to these changes has become 

a cr t cal compet t ve advantage for nsurance compan es. The paper suggests future research should 

part cularly focus on regulat on and technolog cal adaptat on processes due to the r s gn f cance for the 

ndustry's future. 

Keywords: InsurTech, Insurance Innovat on, D g tal Transformat on 
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¥zet 

 

D j tal okuryazarlēk, ­ nde bulunduĵumuz ­aĵda g derek daha ºneml  hale gelmekted r ve 

T¿rk ye'dek son ºĵret m programē deĵ ĸ kl ĵ , bu becer n n t¿m derslere entegrasyonunu 

zorunlu kēlmēĸtēr. 2024-2025 eĵ t m-ºĵret m yēlēndan t baren T¿rk ye'de uygulanmaya baĸlanan 

yen  ulusal ºĵret m programē ­er s nde d j tal okuryazarlēk becer s , d j tal ­aĵa etk n katēlēm 

­ n gerekl temel becer  olarak kabul ed lmekted r. Bºylel kle uygulanan ºĵret m programē le 

yalnēzca d j tal ara­larē yetk n b r ĸek lde kullanab len deĵ l, aynē zamanda b l m ve yen l k­  

teknoloj n n ¿ret c s  ve yºnet c s  olan, g¿­l¿ d j tal yetk nl klere, hayat boyu ºĵrenme k¿lt¿r¿ne 

ve 21. y¿zyēl becer ler ne sah p breyler n yet ĸt r lmes  ama­lanmaktadēr. Bunun ­ n ºzell kle 

ºĵretmenler n sēnēf ­  ve dēĸē ºĵret m uygulamalarēnda ºĵrenc ler n d j tal okuryazarlēk 

becer ler n  gel ĸt recek yen l k­  etk nl kler ger­ekleĸt rmeler  beklenmekted r. D j tal 

okuryazarlēĵēn eĵ t m baĵlamēndak  stratej k ºnem  gºz ºn¿ne alēndēĵēnda, ulusal ºĵret m 

programēnēn etk l  b r ĸeklde uygulanmasē ve gel ĸt r leb lmes  ­ n ºĵretmenler n bakēĸ a­ēlarēnē 

anlamak araĸtērmanēn odaklandēĵē temel noktadēr. Bu baĵlamda araĸtērmada, T¿rk ye'n n yen  

ulusal ºĵret m programē kapsamēnda gºrev baĸēndak  ºĵretmenler n ºĵrenc ler ne d j tal 

okuryazarlēk becer ler n n kazandērēlmasē konusundak  deney mler n , s¿re­te karĸēlaĸtēklarē 

engeller  ve y leĸt rme ºner ler n  ortaya ­ēkarmak ama­lanmēĸtēr. Araĸtērmada n tel b r durum 

­alēĸmasē desen  kullanēlarak ºĵretmenler n deney mler  der nlemes ne ncelenm ĸt r. 

Araĸtērmanēn ­alēĸma grubunu, T¿rk ye genel nde farklē alanlardak  gºn¿ll¿ ºĵretmenler 

oluĸturmaktadēr. Araĸtērmaya 2024-2025 ulusal ºĵret m programē kapsamēnda ºĵretmenlere 

ver len eĵ t mlere katēlmēĸ 20 ºĵretmen dah l ed lm ĸt r. Ver ler, araĸtērmacēlar tarafēndan 

gel ĸt r len a­ēk u­lu anket yardēmēyla toplanmēĸtēr. ¢evr m ­  toplanan ver ler ­er k anal z  

kullanēlarak anal z ed lm ĸt r. Araĸtērma sonucunda katēlēmcēlar, ºĵrenc ler n n d j tal becer ler n  

d kkate alarak dersler n  ĸek llend rd kler n  bel rtmeler ne raĵmen, yoĵun olarak okullarda 

sunulan teknoloj k mkanlarē sēnērlē d¿zeyde kullanab ld kler n  gºstermekted r. Buna karĸēn 

yen l k­  teknoloj ler n d j tal okuryazarlēk baĸta olmak ¿zere 21. y¿zyēl becer ler n  

kazandērēlmaya yºnel k y  uygulama ºrnekler n n sēnērlē d¿zeyde kaldēĵē bel rlenm ĸt r. ¥zell kle 

¿st d¿zey b l ĸsel becer ler gerekt recek yapay zeka ara­larē g b  yen l k­  teknoloj lerden yeterl  

b ­ mde yararlanmadēklarē gºr¿lm¿ĸt¿r. Ayrēca katēlēmcēlar, ºĵret m s¿rec nde etk leĸ ml  ve 

oyunlaĸtērēlmēĸ d j tal ara­lar kullanmanēn, ºĵrenc  mot vasyonu ve sēnēf katēlēmē ¿zer nde ºneml  

olumlu etk s nn olduĵunu vurgulamēĸlardēr. D j tal okuryazarlēk becer s n n kazandērēlmasēna 

yºnel k karĸēlaĸēlan en ºneml  engel n g¿ven l r nternet baĵlantēsē ve yeterl  sayēda 

b lg sayar/tablet n olmamasē g b  altyapē sorunlarē olduĵunu bel rtm ĸlerd r. Bu durum herkes n 

d j tal kaynaklara eĸ t ĸek lde ulaĸamamasē neden yle ºĵrenc ler arasēndak  d j tal u­urumu 

artērdēĵēnē da bel rtm ĸlerd r. ¥ĵretmenler karĸēlaĸēlan sorunlarēn aĸēlmasē ­ n altyapē 

y leĸt rmeler , yºnet c  desteĵ , d¿zenl  zorunlu meslek  gel ĸ m, g¿ncel kaynaklara er ĸ m ve 

kolayca ulaĸēlab l r tekn k yardēm g b  s stemat k destek ht yacēnē g¿­l¿ b r ĸek lde 

vurgulamēĸlardēr. 

Anahtar Kel meler: D j tal Okuryazarlēk, Eĵ t m Teknoloj ler , ¥ĵretmen Deney mler , ¥ĵret m 

Programlarē 
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Abstract 

 

K¿resel ēsēnma, g¿n¿m¿zde d¿nyanēn karĸē karĸēya olduĵu en kr t k ­evresel tehd tlerden b r olarak, 

farklē coĵraf  bºlgelerde ­eĸ tl  sosyo-ekonom k ve ekoloj k etk lerle kend n  gºstermekted r. T¿rk ye, 

yarē kurak kl m kuĸaĵēnda konumlanmēĸ olmasē neden yle, ºzell kle Ķ­ Anadolu ve G¿neydoĵu Anadolu 

bºlgeler nde kuraklēk olgusunu daha yoĵun b r ĸek lde deney mlemekted r. Bu bºlgelerde yēllēk ortalama 

yaĵēĸ m ktarlarēnēn yeters zl ĵ  ve su kaynaklarēnēn sēnērlēlēĵē, tarēmsal ¿ret m ¿zer nde 

s¿rd¿r¿leb l rl ĵ  tehd t eden c dd  b r baskē unsuru oluĸturmaktadēr. Bu ­alēĸma kapsamēnda, B ngºl l  

kuraklēk anal z , Standartlaĸtērēlmēĸ Yaĵēĸ-Evapotransp rasyon Ķndeks  (SPEI) kullanēlarak 

ger­ekleĸt r lm ĸt r. Kuraklēk anal z nde B ngºl l  terc h ed lm ĸt r; ­¿nk¿ bu l, Fērat Havzasē'nēn ¿st 

kes mler nde yer almasēyla h droloj k a­ēdan stratej k b r konuma sah p olup, aynē zamanda tarēmsal 

faal yetler n b¿y¿k ºl­¿de kl m koĸullarēna baĵēmlē olduĵu kērsal b r yapēya sah pt r. Araĸtērma ­ n 

gerekl  olan kl m ver ler  (yaĵēĸ, r¿zg©r hēzē, maks mum ve m n mum hava sēcaklēĵē, g¿neĸlenme s¿res 

ve n sp nem), Devlet Meteoroloj Genel M¿d¿rl¿ĵ¿ (MGM) tarafēndan ĸlet len B ngºl Meteoroloj  

Ķstasyonuôndan tem n ed lm ĸt r. SPEI hesaplamasēnda ht ya­ duyulan b tk  su t¿ket m , Penman-

Monte th yºntem  le tahm n ed lm ĸt r. SPEI hesaplamalarē yalnēzca geleneksel yºntem olan 

Genelleĸt r lm ĸ Log-Log st k (GLOG) daĵēlēmē le sēnērlē kalmamēĸ; aynē zamanda yaĵēĸ le b tk  su 

t¿ket m  farklarēna en uygun teor k olasēlēk daĵēlēm b ­ mler  de deĵerlend r lm ĸt r. Bu daĵēlēmlarēn 

parametreler n n hesaplanmasēnda se momentler, maks mum olab l rl k (ML) ve L-momentler 

yºntemler  kullanēlmēĸtēr. Farklē zaman ºl­ekler  (3, 6, 9, 12 ve 24 aylēk per yotlar) ­ n yapēlan 

anal zlerde, en uygun daĵēlēm b ­ mler n n ­oĵunlukla GLOG ve Genelleĸt r lm ĸ Ekstrem Deĵer (GEV) 

daĵēlēmlarē olduĵu tesp t ed lm ĸt r. Bu durum, tek b r daĵēlēm b ­ m ne baĵlē kalarak yapēlan SPEI 

tahm nler n n g¿ven l rl ĵ n sorgulatmakta ve bu t¿r anal zlerde daĵēlēm se­ m n n ne denl  kr t k 

olduĵunu ortaya koymaktadēr. Elde ed len bulgular, B ngºlôde GEV ve GLOG daĵēlēmlarē arasēnda 

ge­ ĸler n yaĸandēĵēnē gºstermekted r. Buna dayanarak, SPEI le yapēlan kuraklēk anal zlernde hem 

zaman ºl­eĵ n n hem de se­ len teor k olasēlēk daĵēlēmēnēn sonu­lar ¿zer nde ºneml  b r etk s n n 

bulunduĵu sonucuna ulaĸēlmēĸtēr. Ayrēca, parametre tahm n nde kullanēlan yºntemler n farklēlēĵē da 

anal z sonu­larēnē ºneml  ºl­¿de etk lemekted r Sonu­ olarak bu ­alēĸma, B ngºl l ndek  kuraklēk 

r skler n n bel rlenmes ne katkē saĵlamakta ve su kaynaklarēnēn s¿rd¿r¿leb l r yºnet m  a­ēsēndan 

b l msel b r temel oluĸturmaktadēr 

Key words: Kuraklēk, SPEI, Penman-Monte th Yºntem , GEV, GLOG 

 

mailto:menevsenurcan@gmail.com


II. Internat onal Data Sc ence and Informat on Technolog es 

Congress (INFTEC 2025) Budapest/Hungary May 22-23, 2025 

 

43 

 

 

The Role of Smart C ty Theor es n Enhanc ng Traff c Flow: The Case of T rana 

 

Veranda Syla1*, Algent  Lala2, Ard t Derv sh3 

 
1 Polytechn c Un vers ty of T rana, Faculty of Informat on Technology, Department of Electron cs and 

Telecommun cat ons, T rana, Alban a 
2 Polytechn c Un vers ty of T rana, Faculty of Informat on Technology, Department of Electron cs and 

Telecommun cat ons, T rana, Alban a 
3 Polytechn c Un vers ty of T rana, Faculty of Informat on Technology, Department of Electron cs and 

Telecommun cat ons, T rana, Alban a 

 

*Correspond ng author e-ma l: vsyla@ft .edu.al 

 

Abstract 

 

Urban traffic congestion poses growing challenges to mobility, environmental quality, and public 

health, particularly in rapidly expanding cities like Tirana. This paper presents a theory-based 

literature review of smart city frameworks, namely the Internet of Things (IoT), Intelligent 

Transportation Systems (ITS), data-driven urbanism, AI-driven traffic control, and sustainable urban 

mobility theory as applied to traffic management. Drawing on global case studies, the review 

highlights how these frameworks improve traffic efficiency, integrate public transportation, and reduce 

emissions. The paper contextualizes these theories within Tiranaôs traffic landscape, marked by high 

car dependency, limited transit alternatives, and rising air pollution. It discusses the applicability of 

interventions such as adaptive signal control, real-time traffic monitoring, and integration of electric 

bus rapid transit (e-BRT). The study concludes that while technology is essential, it must be coupled 

with sustainability-oriented policies to transform Tiranaôs transport system. Recommendations include 

prioritizing data collection via IoT, deploying adaptive signals and transit signal priority, and using 

AI for predictive traffic control. Challenges such as funding, technical capacity, and public acceptance 

are noted. A phased approach starting with smart pilot corridors, expanding through evidence-based 

planning, and supported by citizen engagement is proposed. The findings emphasize that a combined 

strategy leveraging smart city technologies and sustainable mobility principles can help Tirana build 

a smarter, cleaner, and more efficient urban transport network. 

Keywords: (AI Traffic Management, Intelligent Transportation Systems (ITS), Smart City Frameworks, 

Sustainable Urban Mobility, Traffic Flow Optimization) 
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Abstract 

 

In th s study, the effects of d fferent chem cal appl cat ons on fru t qual ty parameters (fru t f rmness, 

fru t we ght, fru t s ze, TMA, and pH) were evaluated us ng CHAID (Ch-squared Automat c Interact on 

Detect on) dec s on tree analys s. The results revealed that the most nfluent al var able was fru t 

f rmness (Improvement = 0.044). Among the groups separated based on fru t f rmness, frut we ght 

emerged as the second most mportant var able (Improvements = 0.074 and 0.058). In groups w th fru t 

we ght less than or equal to 6.315 g, the th rd separat on was made accord ng to fru t s ze, w th a cr t cal 

threshold dent f ed at 21.04 mm. In groups w th fru t we ght greater than 6.315 g, TMA was the 

d st ngu sh ng var able, w th 1.67 dent f ed as a cr tcal threshold value. On the other hand, for samples 

w th fru t f rmness greater than 74.35 N, separat ons were aga n based on fru t we ght, followed by pH 

value as a determ n ng factor. Notably, the effects of chem cal appl cat ons var ed n samples w th a pH 

greater than 3.485. The results demonstrated that chem cal appl cat ons caused s gn f cant d fferences 

n fru t qual ty parameters. Spec f cally, the control group was assoc ated w th f rmer and heav er fru ts, 

whereas the ABA1 and AVG-ABA2 appl cat ons were more prom nent n fru ts w th relat vely lower 

f rmness and we ght. Th s study h ghl ghts that the effects of chem cal appl cat ons on fru t qual ty n 

agr cultural product on can be thoroughly assessed us ng mult var ate data analys s methods. 

Key words: CHAID, Fru t Qual ty, Chem cal Appl cat ons, Dec s on Tree Analys s, Fru t F rmness, 

TMA 
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Abstract 

 

Best Worst Method (BWM) s qu te funct onal for Mult-Cr ter a Dec s on Mak ng (MCDM) to handle 

uncerta n dec s on processes. Class cal BWM determ nes the pr or ty order by compar ng the best 

and worst cr ter a n pa rs. Mult ple-cho ce best-worst method (MCBWM) s a new extens on of BWM 

developed by address ng var ous reasons such as ncomplete nformat on n expert op n ons, lack of 

knowledge, amb gu ty n l ngu st c terms, etc. Unl ke BWM, MCBWM uses mult ple-cho ce 

parameters nstead of s ngle-parameter values for pa rw se compar sons. Also, compared to fuzzy 

numbers, Z-numbers have more ab l ty to descr be human knowledge. In th s study, we develop the 

Z-MCBWM method that s a strong ntegrat on of MCBWM w th Z-numbers. Its comparat ve analys s 

s presented to show the super or aspects of the proposed method over class cal dec s on-mak ng 

techn ques. Th s approach prov des a new perspect ve on MCDM approaches to solve real-l fe 

problems. 

Keywords: Z-numbers, BWM, MCBWM, Z-MCBWM, Dec s on mak ng. 
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Abstract 

 

The concept of a startup s def ned as an n t at ve that a ms to grow by develop ng a new product or serv ce, 

pr mar ly through the use of technology and d g tal platforms. Startups n the f eld of nsurance are referred to as 

InsurTech ventures, and they not only restructure nsurance sector processes us ng d g tal technolog es but also 

offer technology-based solut ons to the challenges faced by trad t onal nsurance, thereby prov d ng fores ght to 

the future of the ndustry..  

The nsurance sector has been reluctant to nnovate for the past 300 years due to ts complex structure, str ct 

regulat ons, and the prof tab l ty of ex st ng compan es. However, the rap d advancement of d g tal technolog es 

n recent years has compelled the nsurance ndustry to undergo change and has enabled the emergence and growth 

of startup ventures n the sector. Th s study d scusses the nnovat ons offered by InsurTech startups operat ng n 

the nsurance ndustry and the benef ts they br ng to the sector. 

S nce 2012, startup ventures n the nsurance sector have been rap dly ncreas ng. InsurTech startups ut l ze 

technolog es such as art f c al ntell gence, b g data, blockcha n, the Internet of Th ngs (IoT), cloud comput ng, 

mob le appl cat ons, and chatbots to make nsurance processes more eff c ent and customer-centr c. Compared to 

trad t onal nsurance compan es, these startups offer more flex ble and customer-fr endly solut ons, thereby 

ncreas ng compet t on n the market. 

Wh le InsurTech startups br ng major nnovat ons to the sector, they also face some fundamental challenges. The 

f rst s regulat ons and legal barr ers. Wh le InsurTech startups generally a m to transform nsurance processes 

by us ng nnovat ve technolog es, current regulat ons may be nsuff c ent to accommodate these nnovat ons. 

Second, trust s very mportant for the nsurance sector. The fact that new generat on d g tal startups are not as 

well-known as trad t onal nsurance compan es makes t d ff cult for consumers to develop trust n these 

compan es. Th rd, t becomes even more d ff cult for InsurTechs to ga n market share due to the d g tal zat on 

moves of trad t onal nsurance compan es. 

In the com ng years, startup ventures n the nsurance sector are expected to grow n harmony w th technolog cal 

advancements. The f rst of these areas s art f c al ntell genceïbased automat on, wh ch s ncreas ngly be ng used 

to s mpl fy cla ms processes, detect fraud, reduce manual operat ons and costs, and support var ous other 

funct ons. Secondly, the Internet of Th ngs (IoT) enables the development of personal zed nsurance productsðfor 

example, the use of telemat cs dev ces n veh cle nsurance or wearable technolog es n health nsurance. The th rd 

area s m cro nsurance products, wh ch have s gn f cant growth potent al n prov d ng health, l fe, or agr cultural 

nsurance to low- ncome nd v duals through low-prem um offer ngs. Another emerg ng f eld s embedded 

nsurance, wh ch a ms to del ver ntegrated nsurance solut ons. For nstance, automat cally offer ng a pol cy 

dur ng the purchase of a travel t cket s cons dered a lead ng example of next-generat on InsurTech models. Lastly, 

the area of susta nab l ty-focused nsurance (green nsurance) s open to further development, w th green nsurance 

products and susta nable bus ness models becom ng ncreas ngly popular. 

InsurTech startups play a cruc al role n help ng the nsurance ndustry adapt to the modern age. However, the r 

cont nued success s expected to be more susta nable f they focus on collaborat on w th trad t onal nsurance 

compan es rather than compet t on, and f they del ver customer-centr c nnovat ons.. 

 

Keywords: Insurance, InsurTech, D g tal zat on, Art f c al ntell gence 
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Abstract 

It is necessary to summarize the long-term data collected during the implementation of field research 

and process analysis, prepare a theoretical model, study the data and provide certain conclusions and 

forecasts.  In th s regard, the mportant role of nformat on technolog es and  advantages have been 

nvest gated for the art cle d scusses the effect ve organ zat on of sc ent f c research. About appl cat on 

programs (Excel, Math CAD, Auto CAD) used to solve var ous problems, examples of the use of systems 

are reflected. Soil diagnostics and assessment of the land reclamation condition were carried out using 

GIS programs. A distribution curve was constructed for the 0-100 cm soil layer,  statistical analysis of 

the variation indicator (based on the law of 3s, etc.) the dynamics of desalination was studied by 

conducting using the Excel spreadsheet program soil samples located in the study area on the basis of 

laboratory analysis data covering different years. Dur ng the nvest gat on of the research data, the 

hypothes s of the homogene ty of the sample was tested us ng the S m rnov-Grabbs method, when 

"susp c ous" values were excluded from the report. The values of the correlation coefficient for 

hydrocarbons were obtained in the intervals of πȟρπχὶ πȟππτ, for sulfates πȟυχπ

ὶ πȟχυχ, for chlorine πȟφψυὶ πȟωτψ  and for dry residue πȟφστὶ   

πȟχφψ. The study of the results obtained on the corresponding mineralization indicators of dry residue, 

chlorine, hydrocarbonate, sulfate, groundwater showed that, unlike chlorine and sulfate, 

hydrocarbonate is weakly and inversely correlated. The main goal of regression analysis is to identify a 

model and study the relationship between variables. During the study, measurements taken in the field 

and in the laboratory were compared with data obtained from satellite images, for the purpose of 

studying soil and plant objects, accordingly. For comparat ve analys s and d g tal mage process ng the 

study of satell te mages was ma nly carr ed out us ng var ous ndex nd cators (NDVI, MSAVI, etc.) 

with  ArcMap 10.3 was used to carry out the research.  

Key words: Ķnformat on Technology, Appl cat on Software, Mathemat cal Stat st cs, Satell te Images, 

D str but on Funct on.  
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Abstract 

 

In international road transport of goods, preparation of correct and legally compliant transit 

declarations is of critical importance for the smooth operation of border crossings. With the NCTS 

5th Version, which will be put into effect throughout Europe as of 2024, a separate declaration 

obligation has been introduced for each export item, which has made the declaration process both 

time-consuming and open to error risk. As a solution to these difficulties, BARBOT, an artificial 

intelligence-supported automation system has been developed. Equipped with OCR (Optical 

Character Recognition) technology and intelligent error correction algorithms, BARBOT has a 

structure that automatically reads the load and voyage information and foreign trade documents 

created by users, detects errors, corrects them and creates the declaration within minutes. With this 

developed system, it works in integration with SGS TransitNet, which provides transit guarantee 

services in 23 European countries, and transmits the declarations to the relevant country customs 

authorities electronically. With this artificial intelligence-supported solution, which reduces the 

currently hour-long manual processes to minutes and minimizes human error, customs-approved 

transit declarations are produced. BARBOTôs modular structure is not limited to SGS TransitNet 

alone but is flexible enough to integrate with other collateral providers and official customs systems 

in Europe. In this study, the architecture of the BARBOT system, its application processes and the 

transformational effects it creates in foreign trade logistics are discussed. 

Key words: AI-Powered Automation, BARBOT, Transit Declaration, Digital Customs Integration, 

Knowledge Management 
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Abstract 

 

Important markers that nsp re the need for ongo ng development and a pat ent-centered approach are 

pat ent exper ence, qual ty of healthcare serv ces, and sat sfact on. Although pat ent comments offer 

percept ve analys s, the abundance of text data from many sourcesð nclud ng polls, onl ne rev ews, 

and scanned papersðoffers a major analyt cal d ff culty. Often resource- ntens ve and t me-

consum ng, manual process ng of such mass ve, unstructured, mult-format datasets l m ts healthcare 

nst tut ons' capacty to extract t mely and act onable ntell gence. Th s stduy presents ñSent mHasta 

Proò, an nteract ve R Sh ny-based analys s tool meant to handle these problems. Focus ng espec ally 

on the Turk sh language, Sent mHasta Pro offers a strong and automat c framework for carefully 

analyz ng wr tten pat ent comments, thereby support ng hosp tal management and qual ty 

mprovement teams. Beg nn ng w th flex ble data collect ng, th s tool supports standard structured f le 

formats nclud ng CSV and Excel n add t on to process ng text from PDF documents. One s gn f cant 

benef t of th s data acqu s t on compat b l ty s that t enables Sent mHasta Pro's central analyt cal 

tools, wh ch nclude top c model ng and sent ment analys s. Currently, the sent ment analys s tool uses 

a d ct onary-based approach to rap dly and cons stently rank emot ons as e ther pos t ve, negat ve, or 

neutral by ut l z ng a spec al zed Turk sh d ct onary. Add t onally ncluded n the appl cat on s a 

conceptual framework that shows how future mach ne learn ng models m ght be comb ned for 

sent ment pred ct on and acts as a placeholder for cont nuous research n th s d rect on. Us ng Latent 

D r chlet Allocat on (LDA) for top c model ng, th s method also dent f es h dden themes and key 

d scuss on top cs from the feedback data. One of the most mportant advantages of Sent mHasta Pro's 

nteract ve user nterface s how s mply t converts compl cated analyt cal outputs nto understandable 

v sual zat ons. Users can nvest gate department-spec f c sentment scores, rev ew broad sent ment 

d str but ons, track sent ment changes over t me, and f nd often d scussed subjects by the r most often 

occurr ng keywords. Word frequency counts, N-gram (b gram and tr gram) analys s, word co-

occurrence network v sual zat on, and a comparat ve analys s module that letss one study several 

feedback subsets s de-by-s de all help to mprove the analys s. You can export every produced table 

and selected v sual zat on for offl ne study and report ng ass stance. Sent mHasta Pro can greatly 

mprove healthcare organ zat ons' capac ty to grasp pat ent perspect ves, p npo nt part cular areas for 

serv ce development, and generate more nformed, data-dr ven dec s ons by automat ng the extract on 

of ns ghts from var ous pat ent feedback sources. Apart from sort ng and assess ng pat ent comments, 

th s tool supports appl ed NLP n health nformat cs n languages nclud ng Turk sh, so foster ng a 

culture of ongo ng qual ty mprovement mot vated by the vo ce of the pat ent. 

Key words: Pat ent feedback, Sent ment analys s, NLP, Interact ve analys s tool, Healthcare 

organ zat ons 
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¥zet 

 

Ot zm Spektrum Bozukluĵu (OSB), erken gel ĸ msel dºnemde baĸlayan ve b rey n yaĸamē boyunca 

devam eden; sosyal let ĸ m ve etk leĸ mde kalēcē yeters zl kler le sēnērlē, tekrarlayēcē davranēĸlar ve lg  

alanlarēyla karakter ze ed len nºrogel ĸ msel b r bozukluktur. OSB, pr mer motor ve duyu kortekslerde 

yapēsal ve ĸlevsel deĵ ĸ kl klere yol a­ab lmekted r. ¢alēĸmamēzda, OSBôn n motor fonks yonun kontrol 

merkez  olan gyrus precentral s le duyularēn algēlanmasēnda fonks yon gºren gyrus postcentral s 

hac mler ne etk  ed p etmed ĵ n  saĵlēklē kontrol grubu le karĸēlaĸtērarak deĵerlend rmey  ama­ladēk. 

¢alēĸmamēzda, Tokat Gaz osmanpaĸa ¦n vers tes  Saĵlēk Uygulama ve Araĸtērma Hastanes ône 

baĸvuran ve OSB tanēsē koyulan 33 ­ocuĵun bey n manyet k rezonans (MR) gºr¿nt¿ler  ncelend .  

Kontrol grubu olarak baĸ aĵrēsē neden yle MR ­ek len ve herhang  b r tanē konmayan saĵlēklē 33 

­ocuĵun gºr¿nt¿ler  anal z ed ld . ¢alēĸmamēz retrospekt f olarak yapēldē. Hac msel anal zler ­ n bey n 

MR gºr¿nt¿ler n  ¿crets z ĸleyen ­evr m ­  web tabanlē volBra n (v.1.0, http://volbra n.upv.es) s stem  

kullanēldē. Ķstat st ksel anal z ­ n IBM SPSS Stat st cs 25 kullanēldē. Sonu­larēmēz OSB tanēsē konulan 

­ocuklarēn gyrus postcentral s hac mler nde saĵlēklē kontrol grubuna kēyasla stat st ksel olarak anlamlē 

b r artēĸ (p < 0,05) olduĵunu, gyrus precentral s hac mler  a­ēsēndan gruplar arasēnda anlamlē b r fark 

olmadēĵēnē (p > 0,05) gºsterd . ¢alēĸmamēz, OSBôde kort kal duyu hac mler n n motor hac mlere kēyasla 

daha bel rg n ĸek lde etk lend ĵ n  gºsterm ĸt r. 

Anahtar Kel meler: Ot zm spektrum bozukluĵu, Hac m, Gyrus precentral s, Gyrus postcenral s 
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Class f cat on of Sugar Beet Farmers Based on the Pur f ed Sugar Rates w th Mach ne 

Learn ng Techn ques 

 

Seyfett n Onur ¥zdem r1,2*,Adem Gºle­1 
1Erc yes Un vers ty, Graduate School of Natural and Appl ed Sc ences, Department of 

Industr al Eng neer ng, 38030, Kayser , T¿rk ye 
2 Kayser Sugar Factory Inc., Research and Development Center, 38070, Kayser , T¿rk ye 

 

*Correspond ng author e-ma l: onur.ozdem r@kayser seker.com.tr 
 

Abstract 

Sugar beet, wh ch s the raw mater al of the sugar ndustry, contr butes to the agr cultural and ndustr al 

sectors n many respects. Thanks to the sugar they produce, sugar factor es are suppl ers for the beverage, 

food, pharmaceut cal and sweetener sectors. Industr al compan es are carry ng out stud es to reduce costs 

w thout comprom s ng eff c ency n order to m n m ze the mpact of recent econom c problems and 

strengthen the r compet t veness n the global market. 

The sugar beet pr ce determ ned at the beg nn ng of the harvest per od s expla ned based on a ton of sugar 

beets w th a sugar content of 16% by mass. Although a pr c ng based on a certa n parameter, sugar beets 

w th the same sugar rat o cannot obta n the same amount of sugar due to d fferences n other qual ty 

parameters (potass um content, sod um content, Ŭ-am no n trogen content, etc.). Th s s tuat on causes 

the fa rness of the raw mater al pr ces pa d to the producers to be quest oned and the need for a new 

payment model n wh ch all sugar beet qual ty parameters are evaluated n order to protect the nterests of 

the sugar compan es. 

In th s study, n order to adopt a more real st c pr c ng model for sugar beet, a pr c ng model based on 

the pur f ed sugar rate, wh ch ncludes all qual ty parameters of sugar beet, was tr ed to be establ shed. 

In the establ shment of the model, superv sed mach ne learn ng models based on the pur f ed sugar rate 

were created us ng real data from the sugar factory operat ng n our reg on, and producer class f cat on 

was made. After pre-process ng, approx mately f fty-f ve thousand data obta ned were d v ded nto 10 

d fferent classes by character z ng the producers w th class numbers between 1 and 10. Of the sugar beets 

del vered to the factory, those w th the h ghest qual ty were taken to the 1st class, wh le those w th the 

lowest qual ty were taken to the 10th class. Also, ntermed ate classes are dent f ed n the same way. 

S x d fferent superv sed mach ne learn ng techn ques (Support Vector Mach nes, K-Nearest Ne ghbor, 

Dec s on Trees, Log st c Regress on, Na ve Bayes, Random Forest) were appl ed to the data set and the 

results were compared. Accord ng to these results, the best accuracy rate was obta ned from Support 

Vector Mach nes (SVM) w th 0.99, wh le the techn que w th the h ghest f1 score was determ ned as 

Random Forest (RF) w th 

0.86. When the parameters used to evaluate the mach ne learn ng results are exam ned, t s seen that all 

models class fy sugar beet producers qu te well.F nally, a funct on group was created that was reward ng 

for the best class and pun sh ng for the worst class. Thanks to the funct on group, the data of the classes 

w th n each other are parsed and t s prevented that there s data belong ng to another class n the range 

represent ng the classes. In th s way, t s ensured that h gh qual ty sugar beets are pa d more than low 

qual ty sugar beets. The fa rness problem n the payment system has been resolved and the payment 

amount real zed accord ng to the current s tuat on and the proposed funct on group n the study can be 

compared. W th new payment model, although the un t pr ce pa d to producers for sugar beet was 0.3% 

less, fa rness was establ shed among producers.  

Key words: Superv sed Mach ne Learn ng, Class f cat on Techn ques on Mach ne Learn ng, Sugar Beet 

Qual ty Parameters 
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Yen l k­  Teknoloj ler le M¿ĸter  Deney mler n n Ķy leĸt rmes  ve DEMATEL Yºntem  

le Faktºrler n Deĵerlend r lmes 

 

Narges Moghaddas1*, Tayfun Utaĸ2 

 

1Ķst nye ¦n vers tes , Ķkt sad , Ķdar  ve Sosyal B l mler Fak¿ltes , Ķĸletme Bºl¿m¿, 34460, Ķstanbul, 

T¿rk ye 
2Ķst nye ¦n vers tes , Ķkt sad , Ķdar  ve Sosyal B l mler Fak¿ltes , Ķĸletme Bºl¿m¿, 34460, Ķstanbul, 

T¿rk ye 

E-ma l: narges.moghaddas 12@gma l.com  

 

¥zet 

D j tal ortamlarda m¿ĸter  deney m , gel ĸen teknoloj lerle b rl kte daha da ºneml  hale gelm ĸt r. 

Yen l k­  teknoloj lerle m¿ĸter  deney m , ĸ rketler n veya kurumlarēn m¿ĸter lere daha y , daha hēzlē, 

daha k ĸ selleĸt r lm ĸ ve daha tatm n ed c  h zmetler sunmak amacēyla teknoloj k yen lkler  kullanma 

­abasēdēr. Ancak t¿m m¿ĸter  segmentler  teknoloj ye eĸ t d¿zeyde er ĸememekted r ve yanlēĸ ºner ler, 

adalets z f yatlandērmalar, eĵ t m eks kl ĵ nden kaynaklanan platform ve yanēt s stemler n n ver ms zl ĵ  

le s stemler n s ber g¿venl k rskler  g b  sorunlar marka sadakat n  azaltab lmekted r. D j tal 

platformlarda etk l  b r m¿ĸter  deney m  sunab lmek ­ n, ĸletmeler n m¿ĸter  deney m ne etk  eden 

­eĸ tl  faktºrler  doĵru ĸek lde bel rlemes  ve anal z etmes  gerekmekted r. Bu ­alēĸmada, m¿ĸter  

deney m n  y leĸt rmeye yºnel k faktºrler n etk leĸ mler , DEMATEL (Karar Verme ve ¢ok Kr terl  

Deĵerlend rme) yºntem  le ncelenm ĸt r. Araĸtērma, altē ana kr ter  ele almēĸtēr: K1 (Opt mum kullanēcē 

deney m ), K2 (Kes nt s z alēĸver ĸ deney m), K3 (Doĵru ve alakalē ºner ler), K4 (Hēzlē ht ya­ 

cevaplama), K5 (Kullanēm zorluklarē) ve K6 (S ber g¿venl k r skler ). Yapēlan anal zler sonucunda, K3 

(Doĵru ve alakalē ºner ler) s stemdek  en etk l  faktºr olarak bel rlenm ĸken, K6 (S ber g¿venl k r skler ) 

en fazla etk lenen faktºr olarak ºne ­ēkmēĸtēr. Ayrēca, K1 (Opt mum kullanēcē deney m ) hem y¿ksek 

etk ye sah p hem de d ĵer faktºrlerden g¿­l¿ b r ĸek lde etk lenm ĸ, bu da onu s stem n merkez  b r 

faktºr¿ hal ne get rm ĸt r. Bu bulgular, d j tal m¿ĸter  deney m  ¿zer ndek  faktºrler n etk leĸ m n  daha 

y  anlamaya yardēmcē olmuĸ ve stratej k ºncel kler n bel rlenmes nde ºneml  b r rol oynamēĸtēr. Sonu­ 

olarak, bu anal z, d j tal platformlarda m¿ĸter  deney m n n y leĸt r lmes ne yºnel k kaynak tahs s nde 

ve y leĸt rme ­abalarēnda rehberl k edecek deĵerl  b r yol har tasē sunmuĸtur.  

Anahtar kel me: M¿ĸter  deney m, D j tal dºn¿ĸ¿m, Yen l k teknoloj ler, Dematel 
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4 Sakarya Universtiy, Engineering Faculty, Computer Engineering, 54050, Sakarya, Turkey 

 

*Corresponding author e-mail: recep.akyuz@ogr.sakarya.edu.tr 

 
Abstract 

 

Community detection is an important analysis process that aims to determine tightly related groups 

of nodes in complex networks that represent interacting objects as nodes and their relationships 

through links (edges). As one of the basic subfields of social network analysis, this method is widely 

applied in many disciplines such as biology, computer science, engineering, economics, social 

sciences and politics. With the increasing digitalization and diversification of online interactions, the 

volume of data in social networks has grown significantly; analysis of networks containing millions 

or even billions of nodes have become a necessity. This growth significantly limits the scalability and 

efficiency of existing community detection algorithms, which reveals the need for new and fast 

algorithms. Although classical algorithms such as Girvan-Newman provide effective results in 

smaller-scale networks, they lose their practicality due to high computational costs when working 

with large data sets. In this context, modularity-based approaches stand out as an important 

evaluation criterion; they are used to evaluate how well a network is divided into clusters. High 

modularity means that nodes within clusters have dense connections, while connections between 

clusters are limited. Alternative algorithms such as hierarchical clustering and spectral clustering 

have been developed to detect community structures more quickly and effectively in large and 

complex networks. 

In this study, we evaluate how different algorithms for community detection in social networks work 

in the context of structural network analysis; a comparative view is presented, especially in terms of 

criteria such as modularity and computation time. Community detection is not only limited to 

modeling graphical relationships but also forms the basis for many advanced applications such as 

understanding user behavior, system optimization, and data mining. The effectiveness of the 

developed methods directly affects the quality of decision support mechanisms in social network 

analysis. 

Key words: Community Detection, Social Network Analysis, Data Analysis, Clustering Algorithms 
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¥zet 

 

G¿n¿m¿zde programlama eĵ t m n n n tel ĵ n  artērmak amacēyla yen l k­  pedagoj k yaklaĸēmlara 

duyulan ht ya­, oyun tabanlē ºĵrenme ara­larēna yºnel k lg y  artērmaktadēr. Bu baĵlamda, 

ºĵrenc ler n mot vasyonunu artērma, algor tm k d¿ĸ¿nme ve problem ­ºzme becer ler n  gel ĸt rme 

potans yel ne sah p oyun gel ĸt rme uygulamalarē ºne ­ēkmaktadēr. Bu ­alēĸma, oyun motorlarē ve 

oyun gel ĸt rme amacēyla kullanēlan ara­ ve k¿t¿phaneler n programlama ºĵret m nde nasēl 

kullanēldēĵēnē ortaya koymayē ve bu alandak b l msel araĸtērmalarēn bulgularēnē s stemat k b ­ mde 

anal z ederek alana katkē sunmayē ama­lamaktadēr. Bu doĵrultuda, Web of Sc ence (WoS) ver  

tabanēnda 2015ï2025 yēllarē arasēnda bel rlenen anahtar kel melerle ger­ekleĸt r len s stemat k 

tarama sonucunda 475 ­alēĸma ncelenm ĸ ve ­er k a­ēsēndan konu le doĵrudan l ĸk l  41 ­alēĸma 

deĵerlend rmeye alēnmēĸtēr. Makale se­ m s¿rec nde PRISMA protokol¿ temel alēnmēĸ, anal zlerde 

se der nlemes ne ­er k anal z  yºntem  kullanēlmēĸtēr. Anal z sonu­larēna gºre, bu ­alēĸmalarēn 

olduk­a az b r kēsmē ¿­ boyutlu (3B) oyun motorlarēnē (ºrneĵ n Un ty 3D) kullanarak programlama 

ºĵret m ne odaklanmēĸtēr. Ger ye kalan b¿y¿k ­oĵunlukta se Scratch, Code.org g b  blok tabanlē 

gºrsel programlama ara­larēnēn, bas t oyun k¿t¿phaneler n n (ºrneĵ n Pygame) veya oyun benzer  

s m¿lasyonlar oluĸturmak ­ n gel ĸt r lm ĸ modelleme ara­larēnēn (ºrneĵ n StarLogo) terc h ed ld ĵ  

gºr¿lm¿ĸt¿r. Oyun motoru kullanēlan sēnērlē sayēdak  ­alēĸmalarda, ºĵrenc ler n yalnēzca tekn k 

becerler n n deĵ l, aynē zamanda b l ĸsel farkēndalēk, problem ­ºzme, ºz-yeterl k ve ºĵrenme 

mot vasyonu g b  duyuĸsal ve b l ĸsel boyutlarda da gel ĸ m gºsterd ĵ  rapor ed lm ĸt r. Ayrēca, oyun 

motorlarēnēn sunduĵu sanal ortamlarēn ger­ek d¿nya koĸullarēnē modellemes  ve ºĵrenc y  aktf 

ºĵrenme s¿rec ne dah l etmes , ºĵret msel a­ēdan ºne ­ēkan unsurlar arasēnda yer almaktadēr. 

Bununla b rl kte, bu t¿r ara­larēn yaygēn olarak kullanēlmamasēnēn arkasēnda er ĸ m kēsētlēlēklarē, 

eĵ tmen yeterl kler  ve tekn k altyapē eks kl kler  g b  faktºrler n etk l  olduĵu gºr¿lmekted r. 

Araĸtērma bulgularē, oyun motoru temell  uygulamalarēn programlama ºĵret m nde y¿ksek pedagoj k 

potans yel taĸēmasēna karĸēn, mevcut l terat¿rde bu potans yel n yeter nce tems l ed lmed ĵ n  ortaya 

koymaktadēr. L terat¿rde daha ­ok Scratch ve benzer  blok temell  ara­larla ger­ekleĸt r len 

­alēĸmalarēn aĵērlēkta olduĵu gºr¿lmekted r. Oysa oyun motorlarēyla ger­ekleĸt r len oyun gel ĸt rme 

s¿re­ler , ºĵrenc lere yalnēzca programlama becer ler  kazandērmakla kalmamakta, aynē zamanda 

yaratēcē d¿ĸ¿nme, proje tabanlē ºĵrenme ve d j tal ¿retkenl k g b  ¿st d¿zey becer ler n gel ĸ m ne de 

katkē sunmaktadēr. Bu baĵlamda hem programlama hem de oyun gel ĸt rme yetk nl kler n n b¿t¿nc¿l 

ĸek lde ele alēndēĵē, ºzell kle ºĵret m tasarēmē ve ºĵrenc  ­ēktēlarē bakēmēndan karĸēlaĸtērmalē amp r k 

araĸtērmalara ht ya­ duyulduĵu d¿ĸ¿n¿lmekted r. 

Anahtar Kel meler: Oyun Tabanlē ¥ĵrenme, Programlama ¥ĵret m , Oyun Motoru, Oyun Gel ĸt rme 

Ara­larē 
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Der n ¥ĵrenme le El Gºr¿nt¿ler nden C ns yet Tahm n n n Deĵerlend r lmes : B r ¥n 

¢alēĸma 

 

Ahmet Deprel  1, Mustafa Furkan ¥zt¿rk 2*, Ahmet Turan Urhan 3, ¥mer Faruk Nas p 4 
 

2 Tokat Gaz osmanpaĸa ¦n vers tes , Artova Meslek Y¿ksekokulu, Veter nerl k Bºl¿m¿, Tokat, 

T¿rk ye 
1 Tokat Adl  Tēp ķube M¿d¿rl¿ĵ¿, Tokat, T¿rk ye 

3Tokat Gaz osmanpaĸa ¦n vers tes , Artova Meslek Y¿ksekokulu, Terap  ve Rehab l tasyon Bºl¿m¿, 

Tokat, T¿rk ye 
4Tokat Gaz osmanpaĸa ¦n vers tes , Tēp Fak¿ltes , Tokat T¿rk ye 

 

 

¥zet 

Bu ­alēĸmanēn amacē, der n ºĵrenme modeller  le el fotoĵraflarēnē kullanarak c ns yet tahm n etme 

baĸarēsēnē deĵerlend rmekt r. Bu doĵrultuda, b yometr k tanēmlama ve adl  tēp b l mler nde destekley c  

b r anal z aracē olarak yapay zek© kullanēmēnēn potans yel katkēlarē araĸtērēlmēĸtēr. 

¢alēĸmada, standart b r A4 kaĵēdē ¿zer nde konumlandērēlmēĸ 100 farklē k ĸ ye a t el fotoĵraflarēndan 

oluĸan ver  set  kullanēlmēĸtēr. Katēlēmcēlardan 50ôsē erkek, 50ôu kadēndēr. Ver  set n n %80  eĵ t m 

%20ôs  test ­ n ayrēlmēĸtēr. Ver  set  der n ºĵrenme modeller nden AlexNet, VGG16 ve ResNet50 le 

eĵ tlerek c ns yet tahm n nde bulunmuĸtur. 

Elde ed len tahm n sonu­larē, ­eĸ tl  performans metr kler  le deĵerlend r lerek modeller n 

performanslarē karĸēlaĸtērēlmēĸtēr. Deneysel sonu­lara gºre en y¿ksek tahm n baĸarēsē ResNet50 aĵē 

kullanēlarak elde ed lm ĸt r.  

¢alēĸmada el gºr¿nt¿ler  ¿zer nden c ns yet tahm n ne yºnel k sēnērlē sayēda gºr¿nt¿ kullanēlmasēna 

raĵmen anlamlē sonu­lar elde ed lm ĸt r. Ķler k  ­alēĸmalarda ver  set nde bulunan gºr¿nt¿ sayēsēnēn 

artērēlmasē ve yen  der n ºĵrenme modeller  tasarlanarak mevcut modeller le performans 

karĸēlaĸtērmasē yapēlmasē planlanmaktadēr.  

Anahtar kel meler: Der n ºĵrenme, El, C ns yet, Gºr¿nt¿ 
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¥zet 

Bu ­alēĸmanēn amacē, y¿z morfometr s nde ºneml  yer tutan frontonasal, nasolab al ve mentolab al 

a­ēlarēn c ns yetler arasēndak  varyasyonlarēnē deĵerlend rmek ve bu a­ēlarēn c ns yet tahm n nde 

kullanēlab l rl ĵ n  stat st ksel olarak ncelemekt r. 

¢alēĸma kapsamēnda 20 erkek ve 20 kadēn b reye a t toplam 40 olgunun y¿z a­ēlarē deĵerlend r lm ĸt r. 

¥l­¿len parametreler frontonasal a­ē, nasolab al a­ē ve mentolab al a­ēdan oluĸmaktadēr. ¥ncel kle her 

a­ē ­ n Shap ro-W lk test  le normal daĵēlēm analz  yapēlmēĸtēr. Normal daĵēlēm gºsteren deĵ ĸkenlerde 

baĵēmsēz ºrneklem t-test , normal daĵēlmayan deĵ ĸkenlerde se Mann-Wh tney U test  kullanēlarak 

c ns yetler arasē karĸēlaĸtērmalar ger­ekleĸt r lm ĸt r. Anlamlēlēk d¿zey  p<0.05 olarak bel rlenm ĸt r. 

Toplam ver  ncelend ĵ nde frontonasal ve mentolab al a­ēlarēn normal daĵēlēm gºstermed ĵ , yalnēzca 

nasolab al a­ēnēn normal daĵēldēĵē bel rlenm ĸt r. C ns yete gºre karĸēlaĸtērmalarda: 

Frontonasal a­ē: Mann-Wh tney U test , p = 0.1556 

Nasolab al a­ē: Baĵēmsēz ºrneklem t-test , p = 0.0573 

Mentolab al a­ē: Mann-Wh tney U test , p = 0.4735 

T¿m parametreler ­ n c ns yetler arasēnda stat st ksel olarak anlamlē fark bulunmamēĸtēr (p>0.05). 

Y¿z a­ēlarēnēn c ns yet tay n nde ayērt ed c  b r unsur olarak kullanēlab l rl ĵ n  araĸtēran bu ºn 

­alēĸmada, stat st ksel olarak anlamlē fark saptanamamēĸtēr. Ancak ºrneklem sayēsēnēn sēnērlē oluĸu, bu 

bulgularēn genelleneb l rl ĵ n  kēsētlamaktadēr. Daha gen ĸ ºrneklem gruplarēyla yapēlacak ler  d¿zey 

morfometr k ve yapay zeka tabanlē ­alēĸmalar, y¿z morfoloj s n n c ns yet ayrēmē konusundak  

potans yel n  daha net ortaya koyab l r. 

Anahtar kel meler: Y¿z, C ns yet, Morfometr , A­ē 
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Determ n ng the Effect of Wa t ng T me n the Sugar Beet S los on Qual ty Parameters 
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*Correspond ng author e-ma l: gaz han.ayk r @kayser seker.com.tr 

 

Abstract 

 

Sugar beets are transported to factor es for sugar product on and are stored n s los to prevent 

nterrupt ons dur ng product on. However, env ronmental factors such as a r, hum d ty, and temperature 

accelerate b olog cal act v ty w th n these s los, caus ng sugar beet spo lage and result ng n var ous 

losses. To quant fy these losses, the effect of wa t ng t mes n sugar beet s los on qual ty parameters was 

nvest gated. Understandng how the qual ty of beets n s los changes w th storage t me s cruc al for 

the eff c ency of sugar factor es. In the study, four d fferent s los, each conta n ng approx mately 500 

tons of sugar beet, were created and kept for 5, 10, 15, and 20 days, respect vely. The qual ty parameters 

of the sugar beets were measured before they were placed n the s lo and after the wa t ng per od, 

allow ng the changes n the parameters to be observed. 

The qual ty parameters evaluated n th s study nclude sugar content (polar value), Ŭ-am no n trogen 

content, and mass change. The average polar value nd cates the sugar content of the sugar beet, wh le 

Ŭ-am no n trogen measures the harmful n trogen n the root, wh ch compl cates sugar product on for 

factor es. The change n mass reveals how much we ght the sugar beets lose dur ng the storage per od. 

Upon rev ew ng the tr al results, t was found that keep ng sugar beets n the s lo caused s gn f cant 

changes n the qual ty parameters. The amount of change n these parameters was d rectly proport onal 

to the wa t ng t me n the s lo. The greatest econom c loss for the factor es occurred when the sugar beets 

were removed from the s lo after 20 days of storage. In the 20-day s lo, 5.34% mass loss, 24.82% ncrease 

n Ŭ-am no n trogen content, and less than 1% ncrease n polar value were observed. 

For factor es operat ng n the Central Anatol an reg on of T¿rk ye, t was noted that losses d d not 

ncrease s gn f cantly w th n the f rst 8 days of storage, but losses grew exponent ally n s los removed 

after the 8th day. Wh le the econom c loss n the s lo held for 5 days was 0.8% of the pr ce pa d for 1 

ton of sugar beets, th s loss reached 11.5% n the s lo held for 20 days. Based on the results, t was 

concluded that raw mater al stock should be kept to a m n mum by plann ng harvests n accordance 

w th the da ly process ng capac t es of the sugar factor es. 

 

Key words: Sugar Beet, Qual ty Parameters, S lo Losses, Alpha Am no N trogen 
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Abstract 

 

Ovarian cancer has the highest mortality rate among gynecological malignancies in women and 

constitutes a significant health problem worldwide. Immune checkpoints are among the mechanisms 

that allow tumor cells to escape the immune system. Molecules such as PD-L1, PD-L2, CTLA-4, 

LAG-3 and VISTA support tumor immune escape by suppressing T cell activity. In this study, the 

relationship between the expression of PD-L1, PD-L2, CTLA-4, LAG-3 and VISTA genes in ovarian 

cancer patients and the vital status of the patients was evaluated using biostatistical methods. In the 

study, the relationship between the expression levels of immune checkpoint genes PD-L1 (CD274), 

PD-L2 (PDCD1LG2), CTLA-4 and LAG-3 in ovarian cancer and the vital status and survival of the 

patients was found to be statistically significant. Better survival rates were detected in patients with 

high levels of expression of these genes. This finding suggests that these genes can be used as 

immunotherapeutic targets and prognostic markers in ovarian cancer. On the other hand, no 

significant difference was observed between the expression level of the VISTA gene and patient 

survival or survival status. This suggests that the prognostic role of VISTA in ovarian cancer may be 

limited. These findings emphasize the importance of personalizing treatment strategies to be 

developed for immune checkpoint targets by considering the patient's genetic profile. The therapeutic 

potential of these genes can be more clearly demonstrated with large-scale and functional studies to 

be conducted in the future. 

 

Key words: Gene, Ovarian cancer, Immune control, Vital status 
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Abstract 

 

Th s study nvest gates the ntegrat on of Shannon entropy as a f lter ng mechan sm to ref ne trad ng 

s gnals generated by the Learn ng Vector Quant zat on (LVQ) mach ne learn ng algor thm n 

algor thm c trad ng. The pr mary object ve s to enhance trade entry accuracy by m t gat ng market 

no se and dent fy ng more robust trends. To evaluate th s approach, a fully automated trad ng bot 

was developed and tested on B tco n us ng a three-m nute t meframe on the Trad ngV ew platform. 

Backtest ng was conducted between February 1 and February 18, 2025, employ ng a cap tal 

allocat on strategy that re nvested prof ts for compound ng. Trades were executed w th 100% of 

ava lable cap tal and closed upon the emergence of an oppos te s gnal. Com-parat ve analys s 

demonstrated that the ncorporat on of Shannon entropy mproved trade select on and prof- tab l ty 

relat ve to a basel ne LVQ strategy. These results suggest that entropy-based f lter ng can enhance 

algor thm c trad ng performance by ncreas ng s gnal rel ab l ty and trend accuracy, h ghl ght ng ts 

potent al for broader adopt on n quant tat ve f nance. 

Key words: Shannon Entropy, Mach ne Learn ng, Algor thm c Trad ng, Trend Detect on, B tco n 

Trad ng 
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Abstract 

 

In today's business world, data-based decision-making processes have become the key to operational 

success. Especially in dynamic areas such as logistics, supply chain management, international 

transportation and customs transactions, instant access to accurate and up-to-date data is of critical 

importance. However, since many companies do not support modern API-based system integrations, 

data flow is still provided by manual methods, which negatively affects operational efficiency. In this 

study, a Robotic Process Automation (RPA)-based digital transformation model is proposed as a 

solution to time losses, human error risk and data standardization difficulties caused by manually 

executed processes. Within the scope of the proposed model, it is aimed to automate data entry and 

collection processes end-to-end, increase speed and accuracy in processes, minimize human errors 

and integrate companies with legacy system infrastructures into digital transformation. The examples 

presented in the study show that processes such as container status inquiry and customs data 

processing can be completed in seconds thanks to RPA applications. This not only provides 

operational speed gain but also provides the opportunity to work uninterruptedly 24/7. In addition, 

it becomes possible to direct employees who are freed from repetitive tasks with RPA to more strategic 

and creative areas; This both increases workforce efficiency and supports individual competence and 

motivation. As a result, this study reveals that digitalization in logistics and customs operations 

provides permanent benefits not only in technical but also in organizational and human dimensions. 

The RPA-supported digital transformation model offers a holistic solution that offers sustainable 

competitive advantage to businesses. 

Key words: Robotic Process Automation, RPA, Data Management, Digital Transformation, Logistics 

Operations 
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Abstract 

 

G¿n¿m¿zde elektrikli engelli ara­larē ve scooterler, bireylerin hareket etme, kabiliyetini ve 

baĵēmsēzlēklarēnē artērarak g¿nl¿k yaĸamlarēnē kolaylaĸtērmada b¿y¿k bir ºneme sahiptir ve ĸehir i­i 

ulaĸēmda pratik bir ­ºz¿m sunmaktadēr. Yavaĸ ama stabil ilerleme kabiliyetleri sayesinde, engelli 

bireyler kalabalēk alanlarda bile bu ara­larla hareket edebilmektedirler. Ancak bazē uygunsuz yol 

koĸullarē ve ºnlerine ­ēkan ani istenmeyen engeller, onlarēn hareket kabiliyeti ve konforlarēnē 

zorlaĸtērmaktadēr. En ­ok karĸēlaĸtēklarē zorlu engellerden biri ºnlerine ani ­ēkan ­ukurlardēr. Bu 

istenmeyen engeller, engelli bireylerin genelde sahip olduklarē zayēf refleks ve ani manevra yapma 

kabiliyetlerinin kēsētlē olmasē, durumu zorlaĸtērmakta ve onlara bazē zamanlarda b¿y¿k zorluklar 

getirebilmektedir. Bu istenmeyen durumu minimize etmek ve onlara ayrē bir manevra kabiliyeti 

kazandērmak i­in bu ­alēĸmada gºr¿nt¿ iĸleme destekli yol izle asistanē geliĸtirilmiĸtir. Geliĸtirilen 

­alēĸmada kinetik sensºr destekli bilgisayar gºrme modeli olan YOLOv8, Open CV, Raspberry Pi 

¿zerinde ­alēĸan PWM tekniĵi ve sistemin kodlamasēnda Python dili kullanēlmēĸtēr. Geliĸtirilen yol 

izleme asistanē sayesinde ani ­ēkan ­ukurlar algēlanmakta ve engelli aracēn otonom ĸekilde ­ukurun 

boyutuna ve yayēlēmēna gºre, yavaĸlama, duraklama veya yºn deĵiĸtirme gibi tepki vermektedir. Bu 

ĸekilde oluĸan ani durum i­in engelli bireyin kendi m¿dahalesi olmadan ani oluĸumdan sēyrēlmasē 

saĵlanmaktadēr.   

 

Keywords: YOLOv8, Open CV, Gºr¿nt¿ Ķĸleme, Pyhton, Raspberry Pi   

 

GĶRĶķ 

Engelli bireylerin yaĸ ortalamalarē her ge­en yēl artmaktadēr. Yaĸ ortalamanēn artmasē engelli 

vatandaĸlarēn engelli ara­ kullanēm has hasiyetlerinin zayēflamasē anlamēna gelmektedir. G¿n¿m¿zde 

kullanēlan engelli ara­larē ­oĵunlukla kullanēcēn kendi yºnetiminde olan ara­lardēr. Ancak engelli 

s¿r¿c¿lerin refleks kabiliyetlerinin zayēf olmasē, ºzellikle geliĸmekte olan ¿lkelerde yollarēn genelde 

bozuk ve engelli vatandaĸlar i­in uygun tasarlanmamēĸ olmasē onlara bir­ok zorluk getirmektedir. Bu 

baĵlamda engelli vatandaĸlar ara­larēnē kullanērken aniden ºnlerine ­ēkan ­ukur, t¿msek gibi istenmeyen 

engellere takēlmakta ve son derece konforsuz yolculuklar yaĸamaktadērlar. Hatta bazē durumlarda bu tip 

durmalar, yaralanma hatta ºl¿mle bile sonu­lanabilmektedir. Kaynaklara gºre T¿rkiye'de engelli 

n¿fusun toplam n¿fus i­indeki oranē %12,29'dur. Ayrēca, D¿nya Saĵlēk ¥rg¿t¿'n¿n tahminine gºre, 

d¿nya n¿fusunun yaklaĸēk %15'i yani bir milyardan fazla insan bir t¿r engellilik ile yaĸamaktadēr (Tēraĸ 

H.H, 2020), Genel verilere gºre yēlē, T¿rkiye'de 2023 2.511.950 erkek ve 1.097.307 kadēn olmak ¿zere 

toplam 3.609.257 engelli vatandaĸ olduĵu belirtilmiĸtir.  
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T¿rk yeôde n¿fus yēldan yēla artmaktadēr. Bunun baĸlēca sebepler n baĸēnda nsan ºmr¿n¿n tēp ve la­ 

teknoloj ler n de yaĸanan gel ĸmelerd r (Tēraĸ H.H, 2020). 

 

 

 
ķekil 1. T¿rkiye n¿fusunun b¿ĵ¿me hēzē. 

Yukarēdak ĸek lde T¿rk yeôde yēllara gºre b¿ĵ¿me hēzē gºr¿lmekted r. Aĸaĵēda ĸek lde se Engell  

vatandaĸlarēn T¿rk yeôde 2022 yēlē ­ n yaĸlara gºre kadēn ve erkek, T¿ k, Adrese Dayalē N¿fus Kayēt 

S stem  Sonu­larē gºr¿lmekted r. Engell  vatandaĸlarēn T¿rk yeôde yaĸlara gºre kadēn ve erkek  y¿zdeler 

erkekler ­ n mav  alan, kadēnlar ­ n kērmēzē alan olarak ver lm ĸt r.  

ķekil 2. Engelli vatandaĸlarēn T¿rkiyeôde yaĸlara gºre kadēn ve erkek  y¿zdeleri. 

Engell  ara­ s¿r¿c¿ler n karĸēlaĸtēklarē zorluklar ĸu alt baĸlēklar altēnda toplanab l r; Er ĸ leb l rl k 

Sorunlarē: Kamusal alanlarda uygun rampalar ve asfalt yollarēn olmamasē kullanēcēlarēnēn g¿venl  b r 

ĸek lde hareket etmeler n  engeller. Toplu Taĸēma: B r­ok toplu taĸēma s stem n n er ĸ leb l rl k 

se­enekler n n yeters z olmasē seyahat  zorlaĸtērēr. G¿venl k Kaygēlarē: Kalabalēk alanlarda ­arpēĸma 

r skler , hava koĸullarēnēn olumsuz etk ler  (yaĵmur, kar, buz) ve yeters z eĵ t m, yaralanmalara ve 

kazalara yol a­ab l r. Sosyal Damgalama: Scooter kullanēmēnēn sosyal olarak damgalanmasē, 

kullanēcēlarē duygusal ve sosyal olarak etk leyeb l r. Tekn k Sorunlar: El kontrol s stemler  ve rampalarda 

yaĸanan arēzalar g b  tekn k problemler, kullanēcēlarēn yaĸamēnē zorlaĸtērab l r. 
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Y¥NTEM VE METOTLAR  

Yukarēda anlatēlan engelli ara­larda kazalarēn ºnlenmesi ve engelli vatandaĸlarēn daha konforlu seyahat 

etmelerini saĵlamak i­in bu ­alēĸmada Raspberry Pi yºnetimli, gºr¿nt¿ iĸleme tekniĵi kullanēlarak bir 

yol asistanē geliĸtirilmiĸtir. Sistemin sim¿lasyonun Kullanēlan teknolojiler arasēnda OpenCV ve onun 

geniĸ nesne algēlama k¿t¿phanelerinden olan YoloV8 kullanēlmēĸtēr. Gºr¿nt¿ iĸleme sistemlerinin 

algoritmik temelinde genellikle gri tonlama dºn¿ĸ¿m¿, eĸikleme, kenar tespiti (ºrneĵin Canny veya 

Sobel), kontur bulma (OpenCV'de findContours gibi), merkez koordinat hesaplama ve ardēndan bu 

konumun servo motorlara aktarēlmasē gibi aĸamalar yer almaktadēr.  

Yol ¿zerindeki ¢ukurlarēn YOLOv8 ile Algēlanmasē  

Sadece bir kez bak anlamēna gelen YOLOv8 (You Only Look Once), algoritmasēnēn sekizinci versiyonu 

olup, nesne tespitinde hēzlē ve doĵru sonu­lar sunan bir bilgisayarla gºrme modelidir. Bundan ºnce ilk 

s¿r¿m¿ olan YOLOv1 2016 yēlēnda yayēnlandē. Tek bir evrimsel sinir aĵē (CNN) kullanarak t¿m 

iĸlemleri ger­ekleĸtirmekteydi (Karakazan.E, Ceyhan.E.B, 2024). Son s¿r¿m¿ olan YOLOv8ôin teknik 

ºzellikleri aĸaĵēdaki gibi sēralanabilir [6]. 

YOLOv8 Teknik ¥zelikleri 

Anchor-Free Tespit: YOLOv8, ­apasēz  bir tespit yaklaĸēmē kullanēr, bu da modelin nesneleri doĵrudan 

merkez noktalarēndan tahmin etmesini saĵlar. Veri Artērma: Mosaic ve mixup gibi geliĸmiĸ veri artērma 

teknikleri kullanēlmaktadēr. Focal Loss Fonksiyonu: Sēnēflandērma gºrevlerinde, zor sēnēflandērēlan 

ºrneklere daha fazla aĵērlēk veren bir focal loss fonksiyonu bulunmaktadēr ve kullanēlmaktadēr. IoU 

Kaybē: Sēnērlayēcē kutu tahminlerinin doĵruluĵunu artērmak i­in Intersection over Union (IoU) kaybē 

kullanēlmaktadēr. Nesne Odaklēlēk: Model, nesnelere odaklanma olasēlēĵēnē artēran bir nesnellik kaybē 

i­ermektedir. Optimizasyon: Eĵitim ve ­ēkarēm s¿re­lerini hēzlandērmak i­in karma hassasiyetli eĵitim 

kullanēlmaktadēr. ¢eĸitli Model s¿r¿mleri: YOLOv8, YOLOv8n, YOLOv8s, YOLOv8m, YOLOv8l ve 

YOLOv8x gibi farklē parametre sayēlarēna sahip model varyantlarē bulunmaktadēr. Aĸaĵēdaki ĸekilde 

YOLOv8 ­ukur tespit kullanēcē aray¿z¿ gºr¿lmektedir.   

 

                                   

                                      ķekil 3. YOLOv8 ile ­ukur algēlama. 

 

Yol Asistanēn Gºm¿l¿ Sistem ¿zerinde ¢alēĸmasē 

YOLOv8, Raspberry Pi ile uyumlu bir ĸekilde ­alēĸmakta olup, kolaylēkla ¿zerine y¿klenip faaliyete 

ge­irilebilmektedir. Kurulum s¿reci i­in ñpip3 install ultralyticsò komutu aracēlēĵēyla Ultralytics paketi 

ve OpenCV k¿t¿phanesi kurulmalēdēr. Raspberry Pi'nin sēnērlē iĸlem g¿c¿ gºz ºn¿ne alēndēĵēnda, 

YOLOv8 modelinin etkili bir bi­imde ­alēĸabilmesi i­in optimizasyon yapēlmasē gerekebilmektedir. 

¢ukurlarēn YOLOv8 ile Tespiti i­in Uygulanacak Adēmlar 

Veri Toplama ve Etiketleme: Yol ­ukurlarēnēn bulunduĵu gºr¿nt¿ler toplanēr ve bu gºr¿nt¿ler YOLO 

etiketi ile etiketlenir.  Model Eĵitimi: YOLOv8 modeli, PyTorch framework ¿zerinde eĵitilir. Eĵitim 
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i­in train.py komut satērē kullanēlēr ve gerekli parametreler (gºr¿nt¿ boyutu, batch boyutu, epoch sayēsē 

vb.) ayarlanēr. 

 

 

 
                                       ķekil 4. Gºr¿nt¿ ¿zerinde mesafe tespiti  

Yukarēdak  ĸek lde OpenCV ve YOLOv8 tarafēndan algēlana s stem ¿zer nde a­ē ve mesafe deĵerler  

ayēklanarak, gel ĸt r len phyton programē tarafēndan hang  d reks yon a­ē deĵer  ve hēz le engell  

aracēnēn manevra hang  hēz ve d reks yon a­ēsē le manevra yapacaĵē bel rlenmekted r. Normal b r USB 

kamera le alēnan gºr¿nt¿ sayes nde k  boyutlu olarak gºr¿nt¿ gel ĸt r len phyton kodu le anal z 

ed lmekted r.  Raspberry P  ¿zer nde ­alēĸan ve phyton kodlarē le gel ĸt r lm ĸ yol as stanē ­ukura olan 

mesafe ve a­ēsal sapmasē hesaplanmaktadēr. D reks yon hareket  tekerler n hēzlanmasē veya 

yavaĸlatēlmasē servo motor le saĵlanmaktadēr. Pulse W dth Modulat on (Nabēz Gen ĸl k Mod¿lasyonu) 

PWM  le Raspberry P  ¿zer nde  servo motorlarēn kontrol¿ saĵlanmaktadēr. S stem n akēĸ ĸemasē 

aĸaĵēdak  ĸek lde ver lm ĸt r.  

Aĸaĵēda s stem n ­alēĸmasēnē gºsteren akēĸ d yagramē gºr¿lmekted r. Buna gºre kamera gºr¿nt¿ 

almaktadēr. Alēnan gºr¿nt¿ USB kamera  ¿zer nden ger­ekleĸmekted r.  Gºr¿nt¿ Raspberry P  tarafēndan 

ĸlenerek nesnen n boyutuna, mesafes ne ve a­ēsal poz syonuna gºre d reks yon ve motorlarēn servo 

motorlarēnē yºnetmekted r.    
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         ķekil 5. Yol asistanēn ­alēĸmasēnē gºsteren akēĸ diyagramē.  

 

 

 

SONU¢ 

Sistem i­in geliĸtirilen sim¿lasyon ­alēĸmasēnda elde edilen gºr¿nt¿ye baĵēlē servo motorlarēn ­alēĸmasē 

test edilmiĸtir. Testler sonucunda motorlarēn elde edilen gºr¿nt¿ye baĵēlē gerekli hēzlanmalarē ve 

manevralarē yapmalarēnē tespit edilmiĸtir. Bu sistem IOT ¿zerinden desteklenip, Rag sunucularēn 

kullanēmē ile bulut ¿zerinde ­ok sayēda engelli aracēn yºnetilmesi saĵlanabilir. Ayrēca daha iyi konfor 

ve kesinlik i­in derin ºĵrenme eklenebilir. Derin ºĵrenme bulut ¿zerinde ­alēĸtērēlēp gºm¿l¿ sistem 

ĸekilinde Raspberry PĶ ¿zerinden haberleĸmesi ve yºnetimi saĵlanabilir. 
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Abstract 

 

The demand for nd v dual transportat on has greatly grown w th populat on and urban zat on, wh ch 

has n turn ra sed the use of foss l fuel-powered veh cles and aggravated env ronmental problems. 

Apart from the negat ve effects nclud ng greenhouse gas em ss ons, a r and no se pollut on, the 

runn ng of these veh cles n spat ally l m ted surround ngs poses great challenges regard ng park ng 

and maneuverab l ty. As a result, consumers are look ng to m cro-mob l ty solut ons nclud ng 

electr c scooters and b cycles, wh ch prov de qu et, small, energy-eff c ent subst tutes w th 

env ronmentally fr endly mpact. Personal zed techn cal solut ons are becom ng more and more 

necessary, though, g ven the d fferent phys cal tra ts of users, geograph c locat ons, and use contexts. 

Th s work has developed a MATLAB-based s mulat on tool n order to meet th s need and ascerta n 

the most appropr ate motor output power and battery capac ty catered to the user prof le. Input for 

the system s user-spec f c parameters nclud ng he ght, we ght, average da ly travel d stance, speed 

preference, and route grad ent; art f c al ntell gence-supported algor thms then help to determ ne 

the necessary motor output power and battery capac ty. Th s helps users avo d unnecessar ly h gh-

powered conf gurat ons that lead to excess energy consumpt on as well as away from 

underperform ng systems that fa l the r needs. Th s helps one to make dec s ons w th more eff c ency, 

economy, and env ronmental consc ence. Apart from max m z ng personal consumpt on, the 

suggested strategy helps m cro-mob l ty systems to be effect vely ncorporated nto urban des gn. 

F nally, th s work marks a major step towards guarantee ng technolog cal susta nab l ty by means of 

user-centered eng neer ng solut ons and so foster ng env ronmentally fr endly personal 

transportat on cho ces. 

Keywords: Electr c scooter, Susta nable transportat on, Art f c al ntell gence, User prof le, Energy 

eff c ency 

INTRODUCTION 

Rising demand for individual transportation and fast urbanization in today's environment have resulted 

in the general use of fossil fuel-powered vehicles (Tolu, 2022). This situation raises different issues 

concerning urban usability as well as environmental impact. Particularly in short-distance travel, their 

parking and maneuvering restrictions make these vehicles ineffective (UK Parliament Transport 

Committee, 2022). Moreover compromising the long-term viability of urban mobility are the emissions, 

noise pollution, and high energy consumption linked with certain vehicles (¥zbek and Pakºz, 2025; 

European Environment Agency, 2023). 
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M cro-Mob l ty solut ons such as electr c scooters offer reasonably pr ced and env ronmentally 

fr endly subst tutes to these challenges by low energy consumpt on, zero em ss ons, and small des gn 

(Sm th and L u, 2024). St ll, these systems do not offer every user the same performance. Standard zed 

veh cle des gns often produce e ther underperformance or unnecessary resource consumpt on s nce users 

vary n terms of phys cal tra ts, geograph cal cond t ons, use patterns, and budget (H eu et al., 2024). 

Th s work ntends to f nd a custom zed electr c scooter conf gurat on depend ng on nd v dual user 

prof les. We developed a MATLAB-based s mulat on tool to reach at th s. The system nputs route slope, 

average use durat on, body we ght range, r d ng mode preference, and budget level. It f nds the opt mal 

motor output power and battery capac ty by means of AI-supported algor thms. Espec ally w th regard 

to short-d stance, local zed transportat on, the system seeks to max m ze techn cal performance and 

economy. 

Th s report cons sts of 4 ma n sect ons. F rst, n sect on INTRODUCTION, nformat on about the 

des gned s mulat on was prov ded, along w th examples of l terature rev ew. In sect on MATERIAL 

AND METHODS, nformat on about the mater als and work ng system used n the creat on of the 

des gned s mulat on s prov ded. In sect on RESULTS, the mpact of the obta ned outputs on the 

object ves has been nterpreted. In sect on DISCUSSION AND CONCLUSION, the relat onsh p 

between the created s mulat on and other l terature stud es has been exam ned. 

Related Work and Literature Review 

Amin et al. (2023) proposed a machine learning-based system for estimating, more especially for e- 

scooters and e-bikes, the remaining range of electric two-wheelers without depending on exact onboard 

technical specifications. The authors developed a mobile app that systematically compiled real-world 

data including user riding behavior, environmental conditions (including road surface and weather), and 

vehicle performance measures. Next a predictive analytics cloud-based Support Vector Machine (SVM) 

model was trained using this dataset. The proposed method showed great predictive accuracy with a 

mean absolute error of almost 150 meters for travel distances averaging 7.5 kilometers, so validating the 

dependability of the model for practical range estimation conditions. 

In order to develop and val date a s mulat on model meant to exam ne the energy consumpt on of 

electr c scooters, Yun arto et al. (2022) conducted a thorough nvest gat on. Bu lt n the 

MATLAB/S mul nk env ronment us ng a long tud nal dynam cs approach, the model comb nes 

mportant des gn parameters to est mate mportant performance metr cs nclud ng range, energy use, 

and power demand. The researchers ran dynamometer tests as well as real-world road tests to evaluate 

the accuracy and pract cal ty of the model. The dependab l ty of the model was conf rmed by the great 

degree of cons stency between the exper mental data and s mulat on results. Th s val dated tool s un que 

n terms of a useful bas s for next development n the performance opt m zat on and des gn of electr c 

two- wheelers. 

T ng et al. (2009) presented a techn que to est mate the Rema n ng Travel D stance (RTD) of electr c 

scooters us ng an Adapt ve Neuro-Fuzzy Inference System (ANFIS). To forecast how far the scooter can 

travel before the battery s fully depleted, the proposed model ntegrates mult ple nput parameters such 

as battery term nal voltage, d scharge current, battery temperature, veh cle speed, and total d stance 

traveled. The ANFIS-based approach greatly beats convent onal voltage-based est mat on techn ques by 

cons der ng battery ag ng's effects and nonl near d scharge character st cs. W th a pred ct on accuracy 
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of almost 91%, the model shows a strong and flex ble structure for real-t me range est mat on n 

electr c m cro-mob l ty uses. 

Bu  et al. (2022), us ng phys cs-based model ng comb ned w th mach ne learn ng methods, 

developed a hybr d method for approx mat ng the rema n ng range of electr c motorcyclesðtechn cally 

s m lar to h gh-performance electr c scooters. The proposed arch tecture compr ses a Support Vector 

Mach ne (SVM) class f er ntended to detect r d ng cycle types based on real-t me speed and accelerat on 

prof les, coupled w th a l near range est mat on model. The class f ed r d ng cycle then nforms the range 

est mate module, allow ng context-aware and adapt ve forecasts. Comb n ng dynam c veh cle model ng 

w th h stor cal behav oral data mproves the real-t me range forecast ng n the system. Under m xed 

da ly use cond t ons, performance assessments conf rmed the effect veness of the model n enhanc ng 

energy management strateg es for two-wheeled electr c veh cles. 

Comb n ng real-world sensor data w th mach ne learn ng, R nc·n-Maya et al. (2025) dev sed a 

hybr d arch tecture to repl cate battery behav or and pred ct state-of-charge (SOC) and rema n ng range 

n electr c b cycles. Data from nstrumented e-b kes on a 15-km urban path over a 28-day per od allowed 

the authors to comp le operat onal, env ronmental, and route-spec f c var ables. Among other mach ne 

learn ng models, LSTM, SVR, AdaBoost, and Grad ent Boost help to est mate Rema n ng Useful L fe 

(RUL). Recent developments show how well preprocess ng raw sensor data us ng a CNN mproves 

pred ct on accuracy by tself. Part cularly add ng test case data ns de a 95% conf dence nterval greatly 

mproved the accuracy of generated Rema n ng Useful L fe (RUL) est mates for the LSTM model. These 

f nd ngs underl ne how urgently real-t me energy management n electr c m cro-mob l ty systems 

depends on hybr d, data-dr ven approaches. 

Lee et al. (2007) addressed the d ff cult task of exactly ascerta n ng the state-of- charge (SoC) n 

electr c scooter batter es runn ng under dynam c load cond t ons. To properly address the nonl near and 

t me- var ant propert es of battery d scharge behav or, the authors developed an ntell gent battery 

management system nclud ng fuzzy neural networks and cerebellar model art culat ons controllers 

(CMACs). 

Hung et al. (2018) des gned and tested a MATLAB/S mul nk-based sem-automat c transm ss on 

electr c b cycle to opt m ze motor power demand. By model ng var ous gear rat os, frontal areas, and 

slope cond t ons, the r study demonstrated how select ng appropr ate gear sett ngs can s gn f cantly 

reduce motor load and enhance energy eff c ency. Real-world road tests showed strong agreement w th 

s mulat on outcomes, thereby val dat ng these f nd ngs. In add t on to th s, the proposed system 

enhanced SoC est mat on accuracy and prov ded r ders w th valuable dec s on-support tools beyond 

what trad t onal l near models offer. These ncluded pred ct ng the rema n ng travel d stance at a spec f c 

speed and determ n ng the max mum safe speed to reach a dest nat on. By reduc ng the r sk of 

unexpected battery deplet on dur ng operat on, the ntegrat on of AI-dr ven est mators not only 

strengthened the pred ct ve accuracy of the system but also s gn f cantly mproved the rel ab l ty and 

usab l ty of electr c scooters. 

MATERIAL AND METHODS 

Material 

Developed in MATLAB/Simulink environment (Yuniarto et al., 2022), this work mostly consists on 

a user-centered electric scooter configuration system. The model is designed to find technical 

parameters depending on user profiles and usage conditions including motor output power and 

battery capacity. Key user inputs are average usage time, budget level, road gradient, body weight 
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range, and preferred speed modeðeco or performance. An AI-supported decision mechanism 

handles these inputs and suggests an ideal configuration in terms of both technical performance and 

cost economy (Hieu and Lim, 2024). Fixed inside the simulation structure, several environmental and 

mechanical parameters are set to ensure consistency across several user scenarios. Then included into 

the model, general engineering standards define values including battery voltage, wheel dimensions, 

acceleration and deceleration durations, and energy economy. 

 

Figure 1. MATLAB System Interface 

Th s f gure shows a sample nterface der ved from the MATLAB-based s mulat on env ronment 

ntended for user-adapt ve electr c scooter conf gurat on. The s mulat on arch tecture generates system 

outputs by process ng user-def ned parameters act ng as a decs on-support tool. F ve nteract ve menu 

w ndows n the bottom part of the screen each reflect a user nput f eld needed by the system. The user 

loads the r we ght range, preferred speed mode, budget level, max mum route grad ent, and average 

usage durat on us ng these nterface components. 

Dom nant the f gure s the Command W ndow, where the techn cal outputs calculated depend ng on 

user nputs are d splayed. Among these outputs are the needed motor power, the recommended motor 

type, and the expected battery capac ty. The system dynam cally adjusts the conf gurat on depend ng on 

personal needs and env ronmental cond t ons, so prevent ng both underperformance and too powerful 

conf gurat ons (Shah et al., 2024). The results of the s mulat on gu de d rect des gn of electr c scooters 

and support susta nable, user-spec f c m cro-Mob l ty solut ons based on nformed dec s on-mak ng. 
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Methods 

This work generates user-specific electric scooter configurations using artificial intelligence-supported 

rule-based simulation methodology. The simulation computes important performance parameters by 

running a predefined set of user inputs under mechanical and environmental constant application. 

 

Figure 2. System Flow Diagram 

The process flow of the AI-supported dec s on algor thm created for the conf gurat on of an electr c 

scooter s shown n the d agram F ve ma n user nputsðwe ght range, dr v ng mode, locat on grad ent, 

da ly usage length, and budget level start the s mulat on (Korz l us et al., 2021). Of these, the f rst four 

parameters d rectly relate to the funct onal calculat ons meant to project the necessary motor output 

power. The budget level s evaluated just by the art f c al ntell gence algor thm, thus t s not numer cally 

handled n the funct onal calculat ons. 

After the techn cal calculat ons, the AI module uses the user's budget level and the computed power 

needs to choose the most su table motor type. Moreover, the AI algor thm affects the f nal battery 

capac ty recommendat on, so nfluenc ng factors other than motor select on. Th s lets the system offer a 

techn cally sound but f nanc ally flex ble scooter conf gurat on f t for the user. 

As demonstrated, the f nal motor powerðalong w th the AI outputðd rectly affects battery s ze, so 

guarantee ng an opt mal balance between cost and performance. 

The approach compr ses several phases. User data are f rst gathered w th n the MATLAB scr pt us ng 

menu-dr ven nputs so that the user may spec fy the r we ght, preferred speed mode, budget range, route 

slope, and average usage durat on. These nputs d rectly nfluence the calculat ons of the model for 

needed motor output power and energy consumpt on. The s mulat on uses predef ned phys cal constants 
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appl ed follow ng data nput to preserve constant cond t ons. The computed power needs and budget 

category then gu de a dynam c cho ce of motor type and battery capac ty. Opt m zed for the part cular 

user prof le, the f nal output cons sts n suggested motor spec f cat ons and battery s ze. 

Table 1. Dependent and Independent Variable Data 

Independent Variables (Inputs) Dependent Variables (Outputs) 

User Weight Max. Motor Power 

Driving Mode Recommended Motor Type 

Location Gradient Battery Capacity 

Daily Usage Duration Motor Efficiency 

Budget Level Torque (T) 

 

Th s table comp led the ndependent ( nput) and dependent (output) var ables appl ed n the 

developed electr c scooter s mulat on system. User-related phys cal character st cs and tastes are nput 

var ables; techn cal parameters computed depend ng on these nputs reflect the outputs of the model. 

The s mulat on dynam cally manages these nputs n a user-adapt ve way to f nd requ red eng neer ng 

specs nclud ng motor power, battery capac ty, and recommended motor type. 

Regard ng art f c al ntell gence appl cat on, the system uses a rule-based dec s on log c nstead of a 

mach ne learn ng parad gm. The AI module s meant to map budget categor es to reasonable motor and 

battery conf gurat ons by means of pre-def ned cond t onal rules der ved from eng neer ng constra nts 

and performance-cost trade-offs. Low-budget users, for example, are algor thm cally l m ted to standard 

BLDC motors and moderate battery capac t es; h gh-budget users have access to more advanced motor 

types nclud ng Ax al Flux PMSMs. W thout a data tra n ng phase, th s knowledge-dr ven rule structure 

lets one make determ n st c, transparent, repeatable dec s ons. Act ng as a contextual dec s on layer, the 

AI component thus mproves techn cal outputs computat onally eff c ently based on user constra nts. 

RESULTS 

Results of the s mulat on-based evaluat on of user-spec f c electr c scooter conf gurat ons show that the 

model eff c ently computes opt mal motor output power and battery capac ty depend ng on chang ng 

user nputs and predef ned system parameters. Results of s mulat on show that the necessary motor 

power s much nfluenced by changes n user we ght and route slope. For nstance, h gher body mass 

and steeper terra n cond t ons call for more torque, wh ch dr ves more powerful motors and larger battery 

capacty. Conversely, l ghter users work ng n flat areas w th eco mode requ re much less energy, wh ch 

lowers system demand generally. Budget level greatly affects the type of motor to use. Usually matched 

w th users w th l m ted budgets, standard BLDC motors are ass gned more effect ve or h gh- 

performance opt ons nclud ng PMSM or ax al flux motors depend ng on more f nanc al flex b l ty. Th s 

approach keeps the system from oversizing, so lowering unnecessary energy use and cost. The 

simulation also dynamically varies wheel radius in response to torque needs to maximize traction and 

energy transmission. Including daily use time into battery size computations guarantees more reasonable 

energy consumption estimates. The great consistency between expected performance over test 

environments and simulated outputs guarantees both the dependability of the model and its possible 

scalability in urban mobility planning. 
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DISCUSSION AND CONCLUSION 

While conventional research in the field mostly address energy demand estimate or nominal battery 

sizing under standard operational scenarios (Lee et al., 2007; Hung et al., 2018), the proposed framework 

introduces a notable improvement by including mechanical parameters and user-specific economic 

constraints into the configuration logic. For instance, while earlier studies including Ting et al. (2009) 

and Bui et al. (2022) concentrated on improving range estimation or battery management systems using 

machine learning or fuzzy logic approaches, often times budget-aware component selection was 

overlooked. Similarly, the Yuniarto et al. (2022) study makes presumptions on fixed motor and battery 

types for simulation even if it provides a validated energy consumption model for electric scooters. 

Conversely, by comb n ng determ n st c eng neer ng rules w th an AI-dr ven dec s on layer, the 

proposed system presents a cost-adapt ve and performance-or ented solut on ta lored to every user. 

Wh le data-dr ven approaches need ng mass ve tra n ng datasets (Am n et al., 2023; R nc·n-Maya et al., 

2025) the rule-based AI log c used here guarantees qu ck, repeatable dec s ons wh le preserv ng 

techn cal val d ty. Moreover, the cho ce of motor types among BLDC, PMSM, and ax al flux mach nes 

reveals a spec al ntegrat on of f nanc al var ables nto the mob l ty opt m zat on process ð a 

character st c not part cularly observed n the current l terature ð adv sed by torque demands. 

The proposed arch tecture so presents a spec al perspect ve to the m cro-mob l ty f eld by aggregat ng 

user d vers ty, env ronmental factors, and f nanc al constra nts nto a s ngle dec s on-support model. Th s 

all-encompass ng approach f ts rather n cely w th the grow ng emphas s on ntell gent, susta nable, and 

custom zed transportat on des gn. 
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Abstract 

 

Integrat ng Natural Language Process ng (NLP) nto Dec s on Support Systems (DSS) has cons derable 

potent al to transform fl ght operat on-based acc dent data analys s. Th s research presents the potent al 

of NLP techn ques to be appl ed to DDS data through an ntegrated approach. The pr mary object ve of 

th s approach s to fac l tate a more profound comprehens on of the underly ng causes of acc dents, to 

unve l latent patterns and trends, and to enhance the prec s on w th wh ch r sk factors can be dent fed. 

Wh le sent ment analys s prov des ns ght nto p lots' mental states and subject ve factors, top c 

model ng also enables the d scovery of recurr ng themes and h dden patterns of acc dents from large 

volumes of reports. Text class f cat on fac l tates targeted r sk analys s by segment ng acc dent reports 

nto mean ngful subcategor es. NLP can also dent fy spec f c r sk factors (e.g., mob le phone use, 

Fore gn Object Damage (FOD), cogn t ve fat gue) that are not coded n standard forms n acc dent 

reports. Consequently, the enr ched data w ll serve as the foundat on for more comprehens ve r sk 

model ng and comparat ve analyses (reg onal, temporal d fferences) by the DSS. Th s w ll contr bute 

s gn f cantly to the development of targeted acc dent prevent on strateg es and to ma nta n ng and 

ncreas ng the level of operat onal safety at the des red level. Th s ntegrated approach s also a med at 

fac l tat ng the transformat on of the DSS from a react ve data warehouse nto a proact ve safety r sk 

management tool. 

Key words: Dec s on Support Systems, Fl ght Operat ons, Natural Language Process ng, R sk 

Ident f cat on, DSS. 

INTRODUCTION 

Ensur ng safety n the av at on sector s poss ble not only through technolog cal nvestments but also 

through the accurate and n-depth analys s of operat onal data. Every year, thousands of fl ght safety 

reports are prepared worldw de, conta n ng valuable nformat on regard ng the causes of acc dents or 

near-m ss nc dents. However, most of th s data s n free-text (unstructured data) format, and ex st ng 
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Dec s on Support Systems (DSS) are nadequate n analyz ng such texts. Th s s tuat on part cularly leads 

to overlook ng mpl c t r sks based on human factors and perpetuates a react ve approach n safety 

management. However, n recent years, the use of dec s on support systems dur ng the dec s on-mak ng 

phase has become qu te w despread. Developed dec s on support systems enable end-users to eas ly 

access data from w th n or outs de the r organ zat ons or nst tut ons. Consequently, qu ck and t mely 

access to needed nformat on a ds n t mely dec s on-mak ng n nst tut ons, thereby ncreas ng 

eff c ency and the qual ty of dec s ons made (Aslan & Yēlmaz, 2010). In determ n ng the most su table 

technolog es to employ, t s mperat ve to cons der the part cular appl cat ons and requ rements of the 

project. In the context of Industry 4.0 and smart c t es, a self-learn ng model that ut l ses natural language 

process ng (NLP) and knowledge graphs has the potent al to fac l tate mach ne-to-mach ne 

commun cat on and ontology al gnment (Javed et al., 2023). Dec s on support systems have been shown 

to fac l tate t mely and h gh-qual ty dec s on-mak ng by prov d ng rap d access to pert nent nformat on. 

Integrat ng NLP nto dec s on support systems can accelerate dec s on-mak ng processes by opt m s ng 

data flow and fac l tat ng seamless mach ne-to-mach ne commun cat on. The enhancement of these 

dec s on-mak ng processes has the potent al to contr bute to a favourable decl ne n acc dent stat st cs, 

thereby fac l tat ng more prec se and exped t ous ntervent ons, part cularly n cr s s s tuat ons. 

Natural Language Process ng (NLP) and Dec s on Support Systems (DSS) can be ntegrated to 

enhance dec s on-mak ng processes and mprove the effect veness of nformat on retr eval and analys s. 

Natural language process ng (NLP) decodes and contextual zes textual data to dec s on support systems 

and enables context-aware dec s on-mak ng, support ng managers to nterpret data and make dec s ons 

more effect vely (Seymen & Dem rc , 2023). Furthermore, ut l z ng NLP techn ques fac l tates the 

dent f cat on of emergent acc dent trends and r sk factors through the met culous analys s of textual 

elements nherent w th n acc dent reports. Th s enables the mplementat on of t mely prevent ve 

measures. Furthermore, tra n ng programmes focus ng on r sky behav ours dent f ed by NLP analyses 

can be more effect ve by ncreas ng employee awareness. The cont nuous analys s of acc dent data has 

been demonstrated to enhance safety protocols and bus ness processes. For example, (Pere ra et al., 

2013), (Gr gorev et al., 2024). The appl cat on of NLP techn ques enabled the analys s and class f cat on 

of traff c acc dent reports accord ng to the sever ty of the nc dents. Th s approach has contr buted to the 

enhancement of nc dent management processes. 

The object ve of th s study s twofold: f rstly, to conduct a more n-depth analys s of fl ght safety 

reports us ng natural language process ng (NLP) techn ques, and secondly, to ncrease the effect veness 

of dec s on support systems by evaluat ng the f nd ngs through comparat ve analys s. The present study 

undertakes a comparat ve analys s of the var ous methods proffered by NLP, w th a v ew to ascerta n ng 

the strateg c contr but ons these methods can prov de n av at on safety. Th s approach paves the way 

for a more hol st c and forward-look ng safety management framework w th n the sector. 

1. Background 

1.1. Dec s on Support Systems (DSS) n Av at on 

A s gn f cant proport on of Dec s on Support Systems (DSS) research employs one of the fundamental 

conceptual approaches, although th s s not expl c tly art culated. The n t al approach nvolves the 

del neat on of DSSs w th n the framework of the structural features of the task they are tasked w th 

handl ng. Secondly, the des gn of DSS necess tates a bespoke strategy grounded n evolut onary 

development and "med um-focused" techn ques. The th rd approach emphas ses the role of DSSs n 

support ng the cognt ve processes of nd v dual dec s on-makers. In th s context, the f eld of dec s on 

research prov des explanatory nformat on to the manager al problem-solv ng process and develops 
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normat ve theor es w th the object ve of ncreas ng the effect veness of such problem-solv ng (Keen, 

1980).  In add t on to the aforement oned elements, DSS const tutes a computer-a ded nformat on 

system that furn shes nteract ve nformat on support to managers n the dec s on-mak ng process. The 

ut l sat on of analyt cal models, spec al sed databases, the dec s on maker's own op n ons and 

judgements, and an nteract ve computer-based modell ng process s a hallmark of these systems n 

support ng sem-structured or unstructured bus ness dec s ons (Aslan & Yēlmaz, 2010). 

Dec s on support systems (DSS) n av at on have been dent f ed as a factor that can mprove 

operat onal eff c ency, safety, and dec s on-mak ng. These systems use automat on technolog es and 

art f c al ntell gence to ass st human operators n complex aerospace env ronments (Cumm ngs, 2004; 

Y u et al., 2021). In a r traff c management, DSS s be ng developed to cope w th ncreas ng a r traff c 

dens t es and support autonomous operat ons (Ball n et al., 2002; X e et al., 2021). However, 

nterest ngly, wh le automat on can mprove eff c ency, t also presents challenges. In t me-cr t cal 

env ronments, such as a r traff c control, h gher levels of automat on are not always adv sable due to the 

complex ty and potent al r sks nvolved (Cumm ngs, 2004). However, there s a need to balance 

automat on w th human nvolvement to ma nta n s tuat onal awareness and flex b l ty n dec s on-

mak ng. Also, the opac ty of AI algor thms has led to the ntegrat on of Expla nable AI (XAI) nto ATM 

dec s on support systems to mprove nterpretab l ty and bu ld trust among human operators (X e et al., 

2021). As a result, dec s on support systems n av at on are evolv ng to ncorporate advanced 

technolog es such as art f c al ntell gence of th ngs (AIoT) and mach ne learn ng algor thms (Kabashk n 

& Shosh n, 2024). The object ve of these systems s to enhance pred ct ve accuracy, operat onal 

eff c ency, and safety wh le opt m s ng ma ntenance strateg es. The ntegrat on of DSS n av at on 

s gn f es a parad gm sh ft w th n the ndustry towards a proact ve health management framework and 

data-dr ven dec s on-mak ng processes.  

1.2 NLP Pract ces n the f eld of Av at on 

Natural Language Process ng (NLP) s a f eld of study that a ms to analyse and comprehend wr tten and 

spoken language by apply ng mach ne learn ng and cogn t ve comput ng techn ques. NLP s a l ngu st c 

analys s tool that enables computers to comprehend human languages (Joth lakshm  & Gud vada, 2016). 

Th s d sc pl ne focuses on manag ng complex natural language factors, such as amb gu ty and context, 

br dg ng the commun cat on gap between humans and computers (Chopra et al., 2013). Th s technology 

fac l tates the process ng and analys s of substant al volumes of unstructured data, nclud ng but not 

l m ted to soc al med a posts, newspaper art cles, customer rev ews, and ema ls. In th s manner, NLP 

fac l tates the acqu s t on of human-l ke language capab l t es n mach nes, thereby enabl ng bus nesses 

to glean ns ghts from data, automate processes, and enhance dec s on-mak ng methodolog es (Ghosh, 

2024). NLP has a w de range of appl cat ons, nclud ng n the f elds of chatbots, language translat on, 

and sent ment analys s, and has a s gn f cant mpact on bus ness and technology. In th s manner, 

mach nes have the capac ty to effect vely execute a var ety of benef c al tasks by means of text data 

(S ngh, 2018). 

NLP has a role n mprov ng commun cat on between p lots, a r traff c control, and ground staff. The 

av at on ndustry generates h gh volumes of data from var ous sources, nclud ng vo ce commun cat ons, 

operat onal reports, and real-t me fl ght data nteract ons. NLP fac l tates the extract on and 

nterpretat on of valuable ns ghts from th s unstructured data, enabl ng t mely dec s ons to support fl ght 

safety and eff c ency. By mplement ng NLP algor thms, av at on stakeholders can ncrease s tuat onal 

awareness (SA), wh ch s v tal for reduc ng r sks assoc ated w th human error and mprov ng response 

t mes dur ng cr t cal scenar os (Degas et al., 2022; Kabashk n et al., 2023). These developments may 

contr bute to m n m z ng nc dents and acc dents, espec ally those based on commun cat on errors, and 
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support the format on of a pos t ve downward trend n acc dent stat st cs n the long term. The real-t me 

analys s and alerts prov ded by NLP-powered systems can be used to detect potent al hazards at an 

earl er stage. Thus, both prevent ve secur ty measures are strengthened, and emergency response 

processes become faster and more effect ve. The use of NLP n the av at on ndustry s one of the pr mary 

areas of analys s n safety reports. Accord ng to Am n et al. (2022), NLP contr butes to more effect ve 

rsk management and dec s on-mak ng processes n av at on ma ntenance and a r traff c control by 

fac l tat ng the extract on of mean ngful ns ghts from large amounts of safety data. In av at on 

ma ntenance, NLP has not only been able to pred ct pred ctable component fa lures by analyz ng 

ma ntenance logbooks, but t has also fac l tated MRO techn c ans' access to techn cal resources. In a r 

traff c control, NLP s often used to detect or m t gate commun cat on errors and mprove the clar ty of 

verbal messages exchanged w th p lots. The number of NLP software that automates text and speech 

analys s s grow ng and s w dely used n the aerospace ndustry (Am n et al., 2022). Furthermore, NLP 

s nstrumental n the sent ment analys s of a rl ne customer feedback. These analyses are ut l sed to 

formulate strateg es that are a med at enhanc ng serv ce qual ty and customer sat sfact on. L 's research 

reveals how a rl nes can apply Natural Language Process ng (NLP) techn ques, such as B d rect onal 

Encoder Representat ons from Transformers (BERT), to analyse both customer rev ews and soc al med a 

feedback effect vely. Th s form of analys s ass sts a rl nes n mak ng more nformed dec s ons regard ng 

operat onal mprovements and strateg c plann ng, thereby contr but ng to an enhancement n the 

customer exper ence. (L  et al., 2023). 

Another mportant appl cat on of NLP n av at on s nc dent report analys s. The research by J ao et 

al. (2022) presents a system that uses NLP techn ques to class fy and dent fy the causes of nc dents 

occurr ng n Ch nese c v l av at on. Th s approach can contr bute to develop ng more effect ve safety 

measures and strateg es to prevent nc dents (J ao et al., 2022). In add t on, the ntegrat on of NLP w th 

mach ne learn ng techn ques to pred ct human factors n av at on nc dents has also been d scussed. 

Made ra et al. (2021) h ghl ght that the comb nat on of these two technolog es can mprove pred ct ve 

capab l t es regard ng safety nc dents, thereby contr but ng to the format on of a more proact ve safety 

culture n the av at on ndustry. W th a better understandng of human factors, th s approach can help 

prevent nc dents and strengthen secur ty measures (Made ra et al., 2021). 

Desp te the cons derable progress made by NLP, there are st ll several challenges that must be 

addressed, nclud ng ssues such as data b as, nterpretab l ty, doma n-spec f c language understandng, 

and mult l ngual support. Notw thstandng the aforement oned challenges, NLP pers sts n ts 

development and the dent f cat on of appl cat ons n numerous doma ns, nclud ng but not l m ted to 

healthcare, f nance, educat on, and customer serv ce (Gour, 2020). As research progresses, further 

nnovat on and refnement n NLP technolog es can be expected; Th s, n turn, could lead to more natural 

and ntu t ve human-computer nteract ons (M halcea et al., 2006). 

1.3 NLP Techn ques Used n Av at on 

Natural Language Process ng (NLP) techn ques are be ng adopted n greater numbers w th n the av at on 

ndustry, w th a v ew to enhanc ng safety, eff c ency, and operat onal understandng by analys ng the 

vast quant t es of textual data that are now be ng generated. These techn ques fac l tate the automated 

process ng and der vat on of ns ghts from var ous reports and documents. 

1.3.1 Text Class f cat on 

Text class f cat on n av at on s pr mar ly ut l zed for the automat c categor zat on of safety reports, 

such as Av at on Safety Report ng System (ASRS) reports. Algor thms/Models Used: Common 
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algor thms nclude Term Frequency-Inverse Document Frequency (TF-IDF) comb ned w th Support 

Vector Mach nes (SVM), Long Short-Term Memory (LSTM) networks, Random Forest, and XGBoost. 

Example Appl cat on: In a study, 425 ASRS reports from a un vers ty fl ght tra n ng program were 

class f ed nto three categor es, ach ev ng an F1-score exceed ng 0.90. Th s system was des gned to 

operate exclus vely w th n an nst tut onal nfrastructure (New & Wallace, 2025). 

1.3.2 Top c Model ng  

Top c model ng s appl ed n av at on to d scover dom nant themes w th n av at on safety reports. 

Algor thms/Models Used: Techn ques such as Latent D r chlet Allocat on (LDA), Non-negat ve Matr x 

Factor zat on (NMF), and BERTop c (wh ch comb nes BERT w th HDBSCAN) are employed. Example 

Appl cat on: Human factors and techn cal fa lures n acc dent scenar os were automat cally dent f ed 

from NTSB and ASRS reports us ng LDA and the transformer-based BERTop c (Jonk et al., 2023).  

1.3.3 Named Ent ty Recogn t on (NER)  

NER techn ques are used to convert cr t cal terms found n fl ght safety reports nto structured data. 

Algor thms/Models Used: F ne-tun ng of transformer-based models l ke Av at on-BERT s a common 

approach. Example Appl cat on: Ent t es such as a rcraft types, manufacturers, and error factors were 

dent f ed w th over 90% accuracy us ng the BERT-based Av at on-BERT-NER model, as demonstrated 

n a 2024 study us ng real and synthet c av at on safety reports (Chandra et al., 2024). 

1.3.4 Deep Learn ng-Based Class f cat on  

Deep learn ng models are ut l zed for tasks such as the phase class f cat on of av at on nc dent reports. 

Algor thms/Models Used: LSTM, B d rect onal LSTM (BI-LSTM), Gated Recurrent Un t (GRU), and 

S mple Recurrent Neural Networks (S mpleRNN) are frequently used. Example Appl cat on: A 

comparat ve study presented on arX v found that LSTM prov ded the best results for class fy ng fl ght 

phases n ATSB safety reports, ach ev ng 87% accuracy and a s m lar F1-score (Nanyonga, et al., 2025).  

1.3.5 Safety Aud t Report Class f cat on  

Th s appl cat on focuses on the automat c categor zat on of c v l av at on aud t reports. 

Algor thms/Models Used: BERTop c, comb ned w th transformer-based class f cat on methods, s 

ut l zed. Example Appl cat on: In the study publ shed n MDPI, a new class f cat on method was 

proposed on the reports of the Ch na C v l Av at on Superv s on D rectorate, stat st cally outpac ng the 

ex st ng techn ques (Xu et al., 2024). 

1.3.6 Phase-of-Fl ght Class f cat on  

Th s techn que s cruc al for determ n ng the spec f c phase of fl ght (e.g., takeoff, cru se, landng) n a r 

acc dent or nc dent reports. Algor thms/Models Used: Models nclude ResNet (a der vat ve of text-

CNN) and S mpleRNN. Example Appl cat on: A study compar ng ResNet and sRNN on 27,000 NTSB 

reports found that sRNN ach eved over 68% accuracy, show ng super or ty n phase class f cat on 

(Nanyonga, et al., 2025).  
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1.3.7 Superv sed Mach ne Learn ng Appl cat ons  

Superv sed ML s appl ed to categor ze fl ght occurrences, such as d st ngu sh ng between " nc dent" 

and "ser ous nc dent". Algor thms/Models Used: A range of algor thms, nclud ng SVM, Log st c 

Regress on, Random Forest, XGBoost, and K-Nearest Ne ghbors (KNN), are tested. Example 

Appl cat on: A web-based appl cat on developed by S ow (2025) demonstrated that Random Forest 

ach eved the best results w th an accuracy of 0.77 and an F1-score of 0.7 for class fy ng av at on safety 

occurrences.  

1.3.8 Knowledge Graph Creat on  

Knowledge graphs are used to present the model's causal and temporal relat onsh ps between d fferent 

acc dent reports. Algor thms/Models Used: Techn ques nvolve Open Informat on Extract on (OpenIE), 

RDF tr plet extract on, and ntegrat on w th graph databases l ke Neo4j. Example Appl cat on: The 

prototype, developed n collaborat on w th Tanguy et al. (2016) produced an nfograph c by extract ng 

RDF tr plets from ASRS nc dent reports. 

1.3.9 Hybr d Rule-Based & Mach ne Learn ng Approaches  

These approaches comb ne expert-def ned rules w th ML models for tasks l ke detect ng cr t cal 

procedures' non-compl ance. Algor thms/Models Used: Comb nat ons nclude Regex w th Random 

Forest, and Rule Terr er w th transformer models. Example Appl cat on: Comb n ng rule-based 

reason ng w th mach ne learn ng enhances r sk detect on accuracy wh le ma nta n ng the nterpretab l ty 

and expert knowledge ntegrat on cruc al for cr t cal dec s on-mak ng (Garc²a et al., 2016). 

1.3.10 Expla nable AI (XAI) & Act ve Learn ng  

XAI and act ve learn ng techn ques are employed to present the rat onale beh nd model 

recommendat ons and to enable effect ve learn ng from sparsely labeled datasets n av at on. 

Algor thms/Models Used: Techn ques nclude LIME (Local Interpretable Model-agnost c 

Explanat ons), SHAP (SHapley Add t ve exPlanat ons), and Uncerta nty Sampl ng comb ned w th 

transformer models. Example Appl cat on: Expla nable AI techn ques l ke SHAP fac l tate expert 

feedback dur ng act ve learn ng, accelerat ng model approval and reduc ng label ng costs, part cularly 

n safety-cr t cal appl cat ons, though the qual ty of explanat ons depends on the model used (Lundberg 

& Lee, 2017; Holz nger et al., 2019). 

1.4 NLP and DDS Integrat on  

The ntegrat on of natural language process ng (NLP) w th dec s on support systems fac l tates the 

development of soph st cated systems capable of produc ng more accurate and exped t ous dec s ons by 

extract ng mean ng from user nputs. The mplementat on of such systems has been demonstrated to 

enhance the accuracy of dec s on-mak ng processes by m n m s ng the mpact of human error, thereby 

fac l tat ng enhanced operat onal eff c ency. A comparable ntegrat on w th n the doma n of av at on 

holds the potent al to contr bute to the m t gat on of acc dents that are prec p tated by m scommun cat on 

or delay, thereby result ng n an enhancement of acc dent stat st cs. The comb nat on of neuro-l ngu st c 

programm ng (NLP) and dec s on support systems (DSS) s a recent development n the f eld of 

nformat on systems. Th s could lead to more advanced systems, such as the CUDoctor telehealth 

system, wh ch s descr bed n Omoregbe's 2020 paper. Th s system uses NLP techn ques to recogn ze 
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user nputs and fuzzy log c rules for dec s on support n d agnos ng trop cal d seases. S m larly, Szlosek 

& Ferrett, (2016), n the r research, tr ed to automate the evaluat on of cl n cal dec s on support systems 

(CDSS) n electron c med cal record (EMR) systems us ng mach ne learn ng and natural language 

process ng (NLP) techn ques. Thus, the use of mach ne learn ng and NLP techn ques to mprove cl n cal 

dec s on support systems offers a solut on that can ncrease eff c ency by both ma nta n ng the accuracy 

rate and reduc ng the need for human resources. The 2023 study by Marqas et al. prov des a 

comprehens ve rev ew of contemporary dec s on support systems (DSS) and advanced opt m zat on 

methods. In th s study, the evolut on of DSS, ts current appl cat on areas, and the ma n challenges 

encountered n the development of these systems are d scussed. In part cular, the ntegrat on of advanced 

technolog es such as art f c al ntell gence and mach ne learn ng nto dec s on support systems was 

emphas zed, and the pos t ve effects of th s ntegrat on on the effect veness of dec s on-mak ng 

processes were d scussed. In add t on, the var ous opt m zat on techn ques such as l near programm ng, 

genet c algor thms, and heur st cs used n DSS systems are analyzed. The dec s ve role of factors such 

as data qual ty, system flex b l ty, and user acceptance n system success s also emphas zed. At the end 

of the study, suggest ons for the future, such as mak ng DSSs more user-fr endly, ncreas ng data 

secur ty, and strengthen ng system flex b l ty, are ncluded. Integrat ng dec s on support systems w th 

advanced technolog es such as art f c al ntell gence and mach ne learn ng ncreases the effect veness of 

dec s on-mak ng processes. The nclus on of NLP n th s ntegrat on can strengthen system flex b l ty 

and data analys s capab l ty, support ng faster and more accurate dec s ons. These developments can 

have a pos t ve mpact on acc dent stat st cs by contr but ng to the mprovement of cr t cal moment-to-

moment dec s ons, espec ally n-fl ght operat ons. 

The study presented by Han, (2017) proposes a new method that can be used n ntell gent dec s on 

support systems (IDSS) to mprove dec s on-mak ng processes under uncerta nty. In th s method, a 

dec s on s made by compar ng a new object w th these rules and calculat ng the we ght of each outcome, 

us ng the m n mum set of dec s on rules obta ned by s mpl fy ng the dec s on tables. In the dec s on-

mak ng process, subject ve factors represent ng user preferences and object ve factors such as the degree 

of support of dec s on rules are evaluated together, and the rat o of these factors can be adjusted. Th s 

approach supports dec s on-mak ng processes n both spec f c and uncerta n env ronments, result ng n 

results that better reflect user needs. In ntell gent dec s on support systems, t s cr t cal to evaluate 

subject ve and object ve factors together n order to make effect ve dec s ons even under uncerta nty. 

NLP can more accurately nterpret users' needs and expectat ons, ncreas ng the prec s on and accuracy 

of dec s ons n such systems. Such ntegrat on offers the potent al for a reduct on n acc dent stat st cs, 

enabl ng more accurate and faster dec s ons to be made even n uncerta n s tuat ons. The ntegrat on of 

NLP and DSS s not l m ted to trad t onal dec s on-mak ng contexts. (N k foros et al., 2020), By 

nvest gat ng the use of NLP techn ques n v rtual learn ng commun t es to detect and mod fy bully ng 

behav or, t showcases the potent al of NLP-powered dec s on support n educat onal and soc al contexts. 

(Bahja, 2020), It also h ghl ghts the broader appl cat ons of NLP ntegrat on n var ous ndustr es, 

h ghl ght ng ts potent al to mprove human-computer nteract on and ncrease operat onal eff c ency 

through better dec s on-mak ng. Th s ntegrat on, wh ch contr butes to faster and more accurate 

dec s ons by mprov ng human-computer nteract on, can also ncrease operat onal eff c ency n t me 

and safety-or ented sectors such as av at on. Thus, t has the potent al to have a pos t ve mpact on 

acc dent stat st cs by reduc ng commun cat on errors and dec s on delays. 

In the study conducted by Mader na et al. n (2021), they used mach ne learn ng (ML) and natural 

language process ng (NLP) techn ques to detect human factors n av at on nc dent reports. In the study, 

pre-process ng steps were performed on text data obta ned from nc dent reports, and these data were 
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appl ed to var ous mach ne learn ng algor thms (e.g., support vector mach nes, dec s on trees, art f c al 

neural networks) for class fy ng human factors. Model performances were evaluated on cr ter a such as 

accuracy, sens t v ty, and spec f c ty. By reduc ng the rel ance on manual analys s of nc dent reports, 

the study a ms to detect elements of human error n a faster, systemat c, and automated way. Th s 

approach contr butes to the development of a dec s on support mechan sm based on data analyt cs n the 

f eld of av at on safety. Th s approach lays a strong foundat on for ntegrat ng NLP technology nto 

dec s on support systems. In part cular, NLP models that can automat cally extract mean ng from 

nc dent reports can speed up the data collect on and analys s processes of dec s on support systems, 

thus enabl ng dec s on-makers to make accurate and t mely ntervent ons. Detect ng complex factors 

such as human error at an early stage allows for proact ve secur ty measures to be taken. Th s ntegrat on 

makes t poss ble to understand the root causes of av at on acc dents better and to mon tor r sk factors 

systemat cally. Therefore, the use of NLP-powered dec s on systems can contr bute to more effect ve 

management of pre-acc dent r sks, help ng to change overall acc dent stat st cs over t me pos t vely. X e 

et al. (2021), on the other hand, carr ed out a study to ncrease the expla nab l ty of mach ne learn ng 

solut ons n the f eld of a r traff c management (ATM). In the research, t s emphas zed that the "black 

box" nature of mach ne learn ng models poses a ser ous problem, espec ally n secur ty-cr t cal dec s on 

support systems. In an attempt to overcome th s problem, the ntegrat on of Expla nable Art f c al 

Intell gence (XAI) techn ques has been proposed. In the study, t has been shown that the outputs of 

mach ne learn ng-based dec s on support systems can be made more transparent and understandable by 

users by us ng methods such as SHAP (Shapley Add t ve exPlanat ons) and LIME (Local Interpretable 

Model-agnost c Explanat ons). Accord ng to the research results, XAI techn ques enable a r traff c 

controllers and other users to understand dec s ons from mach ne learn ng systems better, thereby 

ncreas ng the rel ab l ty of the systems. Th s study reveals that the development of the expla nab l ty 

d mens on of art f c al ntell gence appl cat ons n a r traff c management s a cr t cal element n terms 

of support ng operat onal safety. 

MATERIAL AND METHODS 

Th s study s based on a comparat ve analys s of Natural Language Process ng (NLP) techn ques used 

n the av at on ndustry. In the study, the qual tat ve comparat ve analys s (QCA) method was adopted, 

and t was a med to evaluate the selected NLP techn ques n terms of the r usage areas, funct onal ty, 

and effect veness. The research was structured by adopt ng a descr pt ve and analyt cal method. 

Examples of appl cat on of NLP techn ques n the f eld of av at on and the r use n the l terature were 

exam ned, and the extent to wh ch each techn que contr buted to certa n problem types was analyzed. 

In th s context, a comparat ve analys s was made based on both academ c and sectoral sources. The data 

were obta ned through a systemat c l terature rev ew. 

RESULTS 

In th s sect on, examples of natural language process ng (NLP) techn ques appl ed n the av at on 

ndustry and the comparat ve evaluat on results of these techn ques are presented. Table 1 presents an 

overv ew of the appl cat ons made n d fferent f elds w th var ous techn ques, together w th the results 

obta ned and the r l m ts. The d vers ty of the f elds and sectors n wh ch NLP s employed has been 

found to fac l tate a comprehens ve understandng of the potent al areas of benef t and the l m tat ons of 

NLP n a hol st c manner. Based on Table 1, text class f cat on techn ques play a cr t cal role n the 

automat c analys s of unstructured safety reports. These techn ques are nstrumental n d st ngu sh ng 

between d fferent types of nc dents and n fac l tat ng the development of rap d dec s on support 

systems. However, they also present d sadvantages such as the need for labeled data and l m ted 
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general zat on capab l t es. Named Ent ty Recogn t on (NER) stands out n ma ntenance and fault 

analys s by enabl ng the extract on of spec f c nformat on (e.g., a rcraft type, fault codes) from techn cal 

documents. However, to accurately dent fy av at on-spec f c term nology, tra n ng models w th doma n-

spec f c data are essent al. Top c model ng s well-su ted for uncover ng recurr ng themes n 

ma ntenance logs and passenger compla nt records; however, the nterpret ve nature of the top cs 

generated often requ res human nput. Sent ment analys s s helpful for qu ckly assess ng passenger 

sat sfact on, but t may ntroduce d stort ons n mean ng when appl ed to techn cal texts. Text 

summar zat on enables the mean ngful condensat on of lengthy reports, thereby support ng dec s on-

makers who face t me constra nts. Nonetheless, due to the h gh r sk of semant c loss, more soph st cated 

and av at on-spec f c models are requ red. In conclus on, the effect ve development of dec s on support 

systems n the av at on sector depends on evaluat ng each NLP techn que based on spec f c operat onal 

needs and apply ng t n a contextually appropr ate manner.  

leTables should be l sted by number w th Lat n letters where they are used n the text and should be 

arranged accord ng to the example as g ven below. Tables should be f t on the page, just f ed. Tables that 

do not f t on one page should be d v ded nto two and nd cated as "Table 1. cont nued". It should be 

c ted the tables before the tables n the text. The t tles of the tables should be just f ed and the f rst letter 

should be wr tten n uppercase and all letters except for proper names should be wr tten n lowercase. 

The abbrev at ons and stat st cal cr ter a n the table should be expla ned below the table as g ven n the 

example. 

Table 1. Compar son of Major NLP Techn ques Used n the Av at on Industry 

NLP 

TECHNIQUE 

Av at on 

Appl cat on 

Area 

Advantages L m tat ons Case Study 

( n Av at on) 

Reference 

Text Class f cat on Automat c 

class f cat on 

of ASRS 

reports 

H gh 

class f cat o

n accuracy; 

Demonstrate

d 

appl cab l ty 

n 

operat onal 

env ronment

s. 

Requ res b g 

data w th good 

label ng; an 

mbalance 

between classes 

may degrade 

performance 

425 ASRS 

reports n a 

un vers ty 

fl ght tra n ng 

program were 

d v ded nto 

three 

categor es, 

and an F  

score of over 

0.90% was 

obta ned 

(work ng only 

w th n the 

nst tut onal 

nfrastructure) 

(New & 

Wallace, 2025) 
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Top c Model ng Explorat on of 

dom nant 

themes n 

av at on 

safety reports 

Extract ng 

themat c 

structures 

from 

extens ve 

collect ons, 

qu ckly 

dent fy ng 

general 

trends 

w thout the 

need for 

human 

label ng 

Hyperparameter 

sett ng (number 

of themes k) s 

challeng ng; 

Mean ngful 

theme 

product on may 

be l m ted n 

very short texts 

Us ng LDA 

and 

transformer-

based 

BERTop c on 

NTSB and 

ASRS reports, 

human factors 

and techn cal 

fault themes 

were 

automat cally 

d scovered n 

acc dent 

scenar os. 

(Jonk et al., 

2023) 

Named Ent ty 

Recogn t on 

(NER) 

Convers on of 

cr t cal terms 

n fl ght 

safety reports 

nto structured 

data 

Automat c 

extract on of 

cr t cal 

equ pment, 

procedures, 

weather 

cond t ons, 

etc. It 

fac l tates 

the further 

steps of 

nformat on 

extract on. 

General NER 

models are not 

fl ght-dome 

compat ble; 

F ne-tun ng large 

language models 

requ res h gh 

computat onal 

resources. 

Ent t es such 

as a rcraft 

types, 

manufacturers

, and error 

factors were 

dent f ed 

w th over 

90% accuracy 

us ng the 

BERT-based 

Av at on-

BERT-NER 

model, as 

demonstrated 

n a 2024 

study us ng 

real and 

synthet c 

av at on 

safety reports. 

(Chandra et al., 

2024) 
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Deep Learn ng-

Based 

Class f cat on 

Phase 

class f cat on 

of av at on 

nc dent 

reports 

H gh 

ach evement 

n complex 

language 

patterns by 

captur ng 

long 

dependenc e

s; Automat c 

feature 

learn ng. 

Large dataset for 

educat on; 

Computat onal 

and memory 

costs are h gh 

In the study 

presented n 

arX v, LSTM, 

B-LSTM, 

GRU, and 

S mpleRNN 

were 

compared; 

LSTM gave 

the best result 

w th an 

accuracy of 

87% and a 

s m lar F  

score. 

(Nanyonga, 

Wasswa, W ld, 

2025) 

Safety Aud t 

Report 

Class f cat on 

Automat c 

categor zat on 

of c v l 

av at on 

nspect on 

reports 

Free aud t 

reports from 

manual 

workload; 

Reduces the 

need for 

attr bute 

eng neer ng. 

The problem of 

expla nab l ty of 

model 

components, and 

Data pr vacy 

concerns 

In the study 

publ shed n 

MDPI, a new 

class f cat on 

method was 

proposed on 

the reports of 

the Ch na 

C v l Av at on 

Superv s on 

D rectorate, 

stat st cally 

outpac ng the 

ex st ng 

techn ques. 

(Xu et al., 2024) 
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Phase-of-Fl ght 

Class f cat on 

Determ nat on 

of fl ght phase 

n a r 

acc dent/ nc d

ent reports 

Fl ght phase 

extract on 

w th h gh 

accuracy; 

He went 

d rectly nto 

dec s on 

support 

systems. 

Errors n cases 

of semant c 

amb gu ty; 

Uneven phase 

d str but on can 

affect 

performance 

ResNet and 

sRNN were 

compared on 

27,000 NTSB 

reports; sRNN 

ach eved an 

accuracy of 

over 68%, 

prov d ng 

super or ty n 

phase 

class f cat on. 

(Nanyonga, 

Wasswa, Molloy 

et al., 2025) 

Superv sed ML Categor zat o

n of fl ght 

nc dents as 

" nc dents" vs 

"ser ous 

nc dents" 

A 

compar son 

of d fferent 

class cal ML 

algor thms 

and 

mbalanced 

data 

techn ques, 

such as 

SMOTE, 

was tested. 

The SMOTE 

appl cat on may 

reduce 

performance on 

some models; 

Accuracy s st ll 

around 80% 

In the web-

based 

appl cat on 

developed by 

S ow (2025), 

Random 

Forest gave 

the best 

results w th an 

accuracy of 

0.77% and 

F =0.78. 

(S ow, 2025) 

Knowledge 

Graphs 

Model ng of 

causal and 

temporal 

connect ons 

between 

acc dent 

reports 

It presents 

complex 

acc dent 

cha ns n a 

v sual and 

quest onable 

structure, 

and s ngles 

out mult ple 

report l nks. 

Relat onsh p 

labeled data 

requ rement, 

Graph cs 

scalab l ty 

The 

prototype, 

developed n 

collaborat on 

w th Tanguy 

et al. (2016) 

produced an 

nfograph c 

by extract ng 

RDF tr plets 

from ASRS 

nc dent 

reports. 

(Tanguy et al, 

2016) 
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Hybr d Rule-

Based & ML 

Cr t cal 

procedure 

non-

compl ance 

determ nat on

s 

Scalab l ty 

of ML 

w thout 

m ss ng 

expert rules; 

ML 

remed at on 

f t appl es 

a bad rule. 

The automated 

ASRS 

process ng 

system, 

publ shed n 

SAGE 

Publ cat ons, 

uses a 

comb nat on of 

rules and ML 

components to 

prov de h gh-

accuracy r sk 

detect on. 

Comb n ng 

rule-based 

reason ng 

w th mach ne 

learn ng 

enhances r sk 

detect on 

accuracy 

wh le 

ma nta n ng 

the 

nterpretab l t

y and expert 

knowledge 

ntegrat on 

cruc al for 

cr t cal 

dec s on-

mak ng. 

(Garc²a, S., 

Luengo, J., & 

Herrera, F., 

2016) 

XAI & Act ve 

Learn ng 

Present ng the 

reasons for 

model 

proposals: 

Eff c ent 

learn ng from 

low-label 

data. 

Accelerates 

expert 

approval; 

reduces the 

cost of 

label ng; 

Acceptance 

s h gh n 

safety-

cr t cal 

areas. 

Increases human 

surve llance; 

XAI output 

qual ty may 

fluctuate 

depend ng on the 

model. 

Expla nable 

AI techn ques 

l ke SHAP 

fac l tate 

expert 

feedback 

dur ng act ve 

learn ng, 

accelerat ng 

model 

approval and 

reduc ng 

label ng costs, 

part cularly n 

safety-cr t cal 

appl cat ons, 

though the 

qual ty of 

explanat ons 

depends on 

the model 

used. 

(Lundberg & 

Lee, 2017; 

Holz nger et al., 

2019) 

 

Text Class f cat on: Structured Categor zat on w th H gh Accuracy 

Text class f cat on prov des h gh accuracy n the automat c analys s of unstructured safety reports and 

forms the bas s of dec s on support systems. For example, F1 scores exceed ng 0.90 n ASRS report 
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class f cat on demonstrate the operat onal rel ab l ty of th s techn que. However, the heavy rel ance on 

labeled data and class mbalance ssues may l m t the model's general zab l ty. Therefore, data qual ty 

and d vers ty are of cr t cal mportance. 

The var able name and style should be cons stent w th those n the equat on, nclud ng symbols and 

equat ons n the text. Equat ons should be centered and typed n Cambr a Math w th 11 font s ze. All 

equat on symbols must be clearly and comprehens bly def ned. 

 

Named Ent ty Recogn t on (NER): Doma n-Spec f c Informat on Extract on 

NER s effect ve n transform ng av at on safety and ma ntenance reports nto structured data by 

extract ng key ent t es such as a rcraft type, manufacturer, and cause of fa lure. The success of models 

l ke Av at on-BERT-NER, exceed ng 90%, shows the r potent al n av at on-spec f c contexts. However, 

general NER models lack sens t v ty to av at on term nology, requ r ng f ne-tun ng w th sector-spec f c 

datasets. 

Top c Model ng: D scover ng Latent Themes n Unstructured Reports 

Top c model ng techn ques help dent fy recurr ng themes n large volumes of ma ntenance logs or 

nc dent reports. The automat c extract on of human factors and techn cal fault themes from ASRS and 

NTSB data exempl f es ts usefulness n trend analys s and strateg c plann ng. However, the 

nterpretab l ty of the generated top cs rel es on human nput, and the class f cat ons are not always 

def n t ve. 

Sent ment Analys s: Passenger Feedback w th Amb gu ty R sk  

Although not expl c tly l sted n Table 1, sent ment analys s s commonly used n DSS appl cat ons to 

evaluate passenger compla nts and sat sfact on. Th s techn que offers qu ck ns ghts but may lead to 

m s nterpretat ons when appl ed to techn cal texts, espec ally due to neutral or doma n-spec f c language.  

Text Summar zat on: Enhanc ng Eff c ency for T me-Cr t cal Dec s ons  

Text summar zat on supports dec s on-makers under t me constra nts by condens ng lengthy reports. 

However, the r sk of semant c loss and contextual naccurac es requ res support from more soph st cated 

and doma n-adapted models. Al gnment w th av at on-spec f c vocabulary s cruc al.  

Deep Learn ng Models: H gh Performance w th Computat onal Demands  

Deep learn ng-based class f cat on approaches, such as LSTM var ants, perform well n captur ng 

complex l ngu st c patterns. However, they demand large datasets and computat onal resources. 

Add t onally, the lack of expla nab l ty can l m t the r use n safety-cr t cal env ronments. 

XAI and Act ve Learn ng: Interpretab l ty and Expert Interact on  

Expla nable AI techn ques prov de ns ght nto the reason ng beh nd model outputs, ncreas ng 

acceptab l ty n h gh-stakes env ronments. Act ve learn ng reduces label ng costs by leverag ng 

unlabeled data. However, these systems requ re human superv s on, and the qual ty of the outputs var es 

depend ng on the model. 

In conclus on, each NLP techn que has spec f c advantages and l m tat ons depend ng on the data types 

and operat onal context n av at on. Thus, techn que select on for dec s on support systems should be 

context-sens t ve. In the future, hybr d approaches that ntegrate mult ple techn ques may offer more 

hol st c and rel able analys s capab l t es. 
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DISCUSSION AND CONCLUSION 

Th s study has explored the ntegrat on of Natural Language Process ng (NLP) techn ques nto Dec s on 

Support Systems (DSS) n the context of fl ght operat ons and av at on safety. Through a comparat ve 

analys s of d verse NLP techn quesðrang ng from text class f cat on and named ent ty recogn t on to 

top c model ng and deep learn ng modelsð t has become ev dent that each method has un que strengths 

and constra nts depend ng on the nature of the data and operat onal needs. 

The f nd ngs h ghl ght that text class f cat on and named ent ty recogn t on (NER) are part cularly 

effect ve n transform ng unstructured safety reports nto act onable ntell gence. Top c model ng and 

text summar zat on techn ques further support strateg c dec s on-mak ng by reveal ng latent patterns and 

condens ng complex data. However, successfully mplement ng these methods depends on access to 

doma n-spec f c datasets, h gh-qual ty label ng, and computat onal resources. In l ght of these ns ghts, 

the follow ng recommendat ons are proposed: 

1. Context-Spec f c Techn que Select on: Av at on organ zat ons should match NLP techn ques to 

the r operat onal needsðfor nstance, us ng NER for ma ntenance logs and text class f cat on for 

nc dent report ng systems. 

2. Hybr d Model Development: Comb n ng rule-based and mach ne learn ng approaches (e.g., 

Hybr d NER or XAI-supported class f cat on) can balance accuracy and nterpretab l ty n safety-

cr t cal appl cat ons. 

3. Investment n Doma n-Spec f c Data: Bu ld ng or access ng annotated av at on corpora w ll 

enhance the effect veness of NLP models ta lored to av at on term nology and context. 

4. XAI Integrat on for Transparency: Expla nable AI (XAI) components should be embedded n 

DSS to ensure human operators understand and trust model outputs, espec ally n safety-sens t ve 

contexts. 

5. Scalable System Des gn: DSS arch tectures should be flex ble enough to ncorporate evolv ng 

NLP tools w thout comprom s ng data ntegr ty, speed, or rel ab l ty. 

Ult mately, th s study aff rms the transformat ve potent al of NLP-based DSS n advanc ng proact ve 

r sk management, enhanc ng operat onal safety, and enabl ng data-dr ven dec s on-mak ng n av at on. 

Future research may focus on real-t me NLP ntegrat on w th fl ght data mon tor ng systems and 

val dat ng hybr d models n l ve operat onal sett ngs. 
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Abstract 

 

Develop ng prof c ent fl ght plann ng sk lls const tutes a cornerstone of comprehens ve p lot tra n ng. 

Modern fl ght schools are ncreas ngly leverag ng spec al zed software to mpart cr t cal competenc es. 

However, select ng tools that al gn w th teach ng object ves poses a d st nct challenge. Th s research 

presents a comparat ve analys s of contemporary fl ght plann ng software, focus ng on assess ng ts 

su tab l ty and effect veness w th n the context of fl ght school tra n ng curr cula. The study ntroduces 

a set of cr ter a deemed essent al for an educat onal env ronment and ut l zes th s set to assess a select on 

of software appl cat ons. These nclude the follow ng: academ c value n demonstrat ng fundamental 

plann ng pr nc ples, ease of use for nov ce p lots, accuracy of a rcraft performance calculat ons, 

ntegrat on of data (weather, NOTAMs) for nstruct onal ntegr ty, relevance to typ cal tra n ng a rcraft 

fleets, and l cens ng models su table for educat onal nst tut ons. The analys s focuses on how these 

software tools fac l tate the learn ng and pract cal appl cat on of fl ght plann ng processes by ab- n t o 

p lots. The research exam ned these parameters to dent fy the software features and funct onal t es that 

support student learn ng outcomes. Th s study a ms to furn sh fl ght schools w th ev dence-based 

gu dance to fac l tate the select on and ntegrat on of software that has been demonstrated to 

s gn f cantly enhance the qual ty and eff cacy of p lot educat on n fl ght plann ng. 

Key words: Fl ght Plann ng Software, P lot Tra n ng, Av at on Educat on, Fl ght Schools, P lot Tra n ng 

Organ zat ons. 

INTRODUCTION 

The development of prof c ent fl ght plann ng sk lls const tutes a cornerstone of comprehens ve p lot 

tra n ng, equ pp ng student p lots w th the foundat onal ab l t es to ensure safe and eff c ent fl ght 

operat ons (Federal Av at on Adm n strat on, 2016; Internat onal C v l Av at on Organ zat on, 2012). 

H stor cally, th s ntr cate process was taught through manual calculat ons and paper-based chart ng, 

methods that, wh le fundamental, are ncreas ngly supplemented and, n some cases, replaced by d g tal 

solut ons. Modern fl ght schools are progress vely leverag ng spec al zed software to mpart these 

cr t cal competenc es, recogn z ng the potent al of technology to enhance the learn ng exper ence and 

operat onal eff c ency (Salas et al., 2012). However, the prol ferat on of such tools presents a d st nct 

challenge: select ng software that reflects contemporary av at on pract ce and al gns seamlessly w th 

establ shed teach ng object ves and the learn ng trajectory of ab- n t o p lots. 
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   The complex ty of choos ng the r ght software stems from the d verse educat onal and techn cal 

demands placed upon t. Fl ght plann ng s a core sk ll n p lot educat on, and the d g tal tools adopted 

must prov de robust support for ts nstruct on. Th s study addresses the cr t cal need for a systemat c 

evaluat on of contemporary fl ght plann ng software, focus ng spec f cally on ts su tab l ty and 

effect veness w th n fl ght school tra n ng curr cula. The pr mary a m s to compare ava lable software 

appl cat ons by exam n ng the r educat onal value n demonstrat ng fundamental plann ng pr nc ples, 

alongs de the r techn cal features, such as the accuracy of a rcraft performance calculat ons and the 

ntegrat on of essent al real-t me data, nclud ng weather and Not ces to A rmen (NOTAMs). Th s 

research s part cularly concerned w th al gn ng these tools w th the needs of ab- n t o p lots, who requ re 

ntu t ve nterfaces and clear pedagog cal pathways. By emphas z ng the software's pract cal benef ts, 

ths study a ms to reassure fl ght schools and adm n strators of the value of the r nvestment and nst ll 

conf dence n the r dec s on-mak ng process. 

   Integrat ng educat onal technology, such as fl ght plann ng software, offers s gn f cant potent al for 

enabl ng exper ent al learn ng env ronments. Such env ronments are cruc al n av at on tra n ng, where 

the pract cal appl cat on of theoret cal knowledge s paramount. S mulat ons and nteract ve d g tal tools 

have been demonstrated to foster deeper learn ng and enhance the retent on of complex procedures 

(Kolb, 2015; Mayer, 2017). From a pedagog cal standpo nt, Cogn t ve Load Theory (CLT) suggests that 

nstruct onal tools must be des gned to avo d overwhelm ng learners w th excess ve or poorly presented 

nformat on, allow ng them to focus on master ng core concepts (Sweller, 1988). Furthermore, 

construct v st learn ng parad gms advocate for scenar o-based plann ng, wh ch allows students to 

act vely construct the r understandng by engag ng w th real st c problems, a feature that well-des gned 

software can fac l tate (P aget, 1970; Vygotsky, 1978). 

   The s gn f cance of th s study l es n ts potent al to furn sh fl ght schools w th ev dence-based 

gu dance, support ng nformed software adopt on and ntegrat on strateg es. By dent fy ng software 

features and funct onal t es that demonstrably enhance student learn ng outcomes n fl ght plann ng, th s 

research a ms to contr bute to the overall qual ty and eff cacy of p lot educat on. The scope of th s 

nvest gat on s centered on tools appl cable to the n t al phases of p lot tra n ng, spec f cally for a rcraft 

fleets typ cally ut l zed by fl ght schools. A recogn zed l m tat on of th s research s ts evaluat on of 

software tools ant c pated to be ava lable and relevant n the 2025 t meframe, acknowledg ng the 

dynam c nature of software development. Th s study seeks to prov de a t mely and pert nent analys s to 

a d educat onal nst tut ons n nav gat ng the evolv ng landscape of fl ght plann ng technology. However, 

t s mportant to note that the f nd ngs and recommendat ons of th s study may not fully apply to future 

software developments beyond the 2025 t meframe. 

L terature Rev ew 

The ntegrat on of d g tal tools and software nto p lot tra n ng has become ncreas ngly prevalent, 

espec ally for tasks such as fl ght plann ng. Modern fl ght schools now leverage a range of technolog es 

to enhance educat onal outcomes and operat onal prof c ency. Th s rev ew synthes zes recent stud es on 

fl ght plann ng software and related d g tal solut ons n av at on educat on, h ghl ght ng the r 

pedagog cal effect veness, technolog cal capab l t es, and, most mportantly, the cruc al role of ev dence-

based software select on n al gn ng w th tra n ng goals.  

   Inan and Gunes (2024) explored the prom s ng use of v rtual real ty (VR) technology n p lotage 

tra n ng and compared t w th real fl ght performance. The r f nd ngs demonstrate that VR env ronments 

can effect vely m m c real fl ght scenar os, suggest ng that mmers ve technolog es hold great potent al 
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as valuable complements to trad t onal fl ght plann ng exerc ses by strengthen ng spat al and procedural 

understandng.  

   Guevarra et al. (2022) ntroduced an AI-dr ven fl ght nstructor system des gned to teach student p lots 

through behav oral clon ng. Th s system analyzes student errors and offers correct ve feedback, 

underl n ng the potent al for ntell gent software to support fl ght plann ng educat on through adapt ve 

learn ng mechan sms.  

   Volz and Dorne ch (2020) delved nto the del cate balance between automated fl ght plann ng tools 

and the preservat on of p lotsô manual plann ng and cogn t ve sk lls. The r research underscores the 

mportance of ma nta n ng a balance, reassur ng fl ght tra n ng organ zat ons about the cruc al 

cons derat on of preserv ng foundat onal sk ll development when select ng educat onal software.  

  Zhu et al. (2024) conducted a comparat ve study on Ch nese p lot tra n ng pract ces both domest cally 

and abroad. The r analys s, wh ch ncluded software use n curr culum des gn, found that exposure to 

d verse d g tal platforms enr ched tra nees' adaptab l ty and competence n real-world operat ons.  

  We , Fang, and L u (2022) developed a s x-degree-of-freedom tra n ng s mulator a med at ncreas ng 

real sm n p lot tra n ng. Wh le not focused exclus vely on plann ng, the s mulatorôs ntegrat on of fl ght 

data and scenar o-based tasks reflects broader trends toward ncorporat ng real-t me data, an essent al 

cr ter on for evaluat ng fl ght plann ng software.  

  Kelemen, Pol shchuk, Kelemen, and Sabo(2023) proposed a hybr d assessment model us ng fuzzy 

log c and expert systems to evaluate student p lotsô outcomes. Th s model emphas zes object v ty and 

al gnment w th d dact c systems, support ng the not on that fl ght plann ng tools should al gn w th clear 

educat onal performance metr cs.  

  Lastly, Pray tno et al. (2023) developed a web-based fl ght s mulator management system to support 

nstruct onal overs ght. The r systemôs user-fr endl ness and data ntegrat on capab l t es reflect 

character st cs that fl ght plann ng software should possess to be su table for educat onal sett ngs.  

Collect vely, these stud es underscore the mult faceted nature of evaluat ng fl ght plann ng tools for p lot 

educat on. Key themes nclude usab l ty, accuracy, nstruct onal relevance, and the capac ty to re nforce 

essent al sk lls w thout over-rel ance on automat on. As fl ght schools ncreas ngly rely on technology 

to del ver the r curr culum, the ev dence-based select on of plann ng software rema ns cr t cal to 

ensur ng pedagog cal ntegr ty and student competency. 

MATERIAL and METHODS 

Th s study employed a comparat ve descr pt ve analys s des gn to systemat cally evaluate and compare 

contemporary fl ght plann ng software appl cat ons based on the r su tab l ty for ab- n t o p lot tra n ng 

curr cula. The a m was to assess how effect vely these tools support student p lots' learn ng and pract cal 

appl cat on of fl ght plann ng processes. The thoroughness of the evaluat on process, wh ch ncluded 

hands-on test ng by evaluators fam l ar w th fl ght plann ng pr nc ples and ab- n t o tra n ng 

requ rements, ensures the rel ab l ty and trustworth ness of the research's conclus ons, prov d ng fl ght 

schools w th a secure foundat on for the r dec s on-mak ng. 

   A purpos ve sampl ng strategy was ut l zed to select f ve prom nent fl ght plann ng software 

appl cat ons for evaluat on: ForeFl ght, SkyDemon, RocketRoute, Garm n FltPlan, and Jeppesen 

Fl teDeck. These appl cat ons were chosen based on the r w despread ava lab l ty, establ shed presence 

w th n the general av at on commun ty, and comprehens ve feature sets relevant to fl ght school 
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operat ons as of 2025. The select on a med to represent a range of popular tools currently ut l zed or 

cons dered for ntegrat on nto p lot tra n ng programs. 

   Data collect on nvolved hands-on test ng of each selected software appl cat on by evaluators fam l ar 

w th fl ght plann ng pr nc ples and ab- n t o tra n ng requ rements. A standard zed fl ght plann ng 

scenar o was developed to ensure cons stency and comparab l ty across the evaluat ons. Th s scenar o 

s mulated a typ cal V sual Fl ght Rules (VFR) cross-country tra n ng fl ght, a common exerc se for 

student p lots. The parameters for th s scenar o, nclud ng a rcraft performance character st cs, were 

based on a ub qu tous tra n ng a rcraft, the Cessna 172, to reflect ts everyday use n fl ght school fleets. 

   An evaluat on rubr c was met culously developed to gu de the hands-on test ng and ensure a structured, 

cons stent assessment of each software appl cat on aga nst predef ned cr ter a. These cr ter a were 

deemed essent al for an effect ve educat onal env ronment and ncluded: 

 1- Academ c Value: Th s cr ter on evaluated the software's nstruct onal clar ty, ts effect veness n 

demonstrat ng fundamental fl ght plann ng pr nc ples such as route select on, fuel calculat on, and 

we ght and balance, as well as ts capac ty to support the pedagog cal object ves nherent n ab- n t o 

tra n ng. 

2- Ease of Use: Emphas z ng the ntu t veness of the user nterface, the systemat c progress on of 

plann ng processes ntegrated nto the software, and the comprehens ve learn ng curve for nov ce p lots 

w th m n mal pr or exposure to d g tal fl ght plann ng tools. 

3- Accuracy: Th s nvolved evaluat ng the accuracy of the softwareôs a rcraft performance 

calculat ons (e.g., t me en route, fuel consumpt on, takeoff and landng d stances) aga nst establ shed 

a rcraft data and manual computat on methods. 

4- Integrated Data: Th s cr ter on r gorously evaluated the coherence, t mel ness, and presentat on 

qual ty of ntegrated aeronaut cal data, w th a part cular emphas s on real-t me meteorolog cal 

nformat on such as METARs, TAFs, and graph cal weather representat ons, alongs de Not ces to 

A rmen (NOTAMs). These elements are deemed essent al for ma nta n ng nstruct onal ntegr ty and 

foster ng real st c scenar o-based learn ng env ronments. 

5- Relevance to Tra ner A rcraft: Th s study evaluated the comprehens veness of the softwareôs 

a rcraft database, w th a part cular emphas s on ts capab l ty to support standard tra n ng a rcraft fleets 

beyond the Cessna 172, as well as the ease w th wh ch users can custom ze a rcraft prof les. 

6- Educat onal L cens ng Model: Th s assesses the ava lab l ty, su tab l ty, and affordab l ty of 

l cens ng opt ons for educat onal nst tut ons, nclud ng student l censes, bulk subscr pt ons, and spec f c 

academ c programs prov ded by software vendors.  

The qual tat ve and quant tat ve data collected through the rubr c-based, scenar o-dr ven assessments 

were subsequently analyzed through a comparat ve descr pt ve approach. Th s analys s concentrated on 

d scern ng the strengths and weaknesses of each software appl cat on n accordance w th the 

predeterm ned evaluat on cr ter a. The pr mary a m was to underscore part cular features and 

funct onal t es that substant ally bolster or may mpede student learn ng outcomes n fl ght plann ng, 

thereby offer ng fl ght schools ev dence-based ns ghts to nform the r software select on process. 

RESULTS 

An evaluat ve compar son of f ve fl ght plann ng software platforms, ForeFl ght, SkyDemon, 

RocketRoute, Garm n FltPlan, and Jeppesen Fl teDeck, was conducted based on scholarly value, ease 
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of use, accuracy, data ntegrat on, a rcraft relevance, and the ava lab l ty of educat onal l cens ng (see 

Table 1). 

 ForeFl ght and SkyDemon emerged as the most su table platforms for educat onal contexts. 

ForeFl ght demonstrated h gh educat onal value, accuracy, and strong relevance to a rcraft operat ons. 

It was the only software rated "Excellent" for data ntegrat on and also offers educat onal l cens ng, 

mak ng t h ghly v able for nst tut onal use. SkyDemon, wh le sl ghtly less comprehens ve n ntegrat on 

capab l t es, excelled n ease of use, marked as "Very H gh" and ma nta ned h gh rat ngs across other 

categores, part cularly benef c al for new learners due to ts user-fr endly nterface and access ble 

learn ng curve. 

 RocketRoute presented moderate performance n nearly all categor es, represent ng a m d-t er 

solut on. Wh le t does not outperform n any spec f c doma n, t offers a balanced prof le w th moderate 

educat onal value, usab l ty, and ntegrat on. 

 Garm n FltPlan rece ved the lowest scores n academ c value and data ntegrat on. Although t has 

h gh relevance for a rcraft and educat onal l cens ng ava lab l ty, ts l m tat ons n accuracy, part cularly 

regard ng real-t me NOTAM and weather nformat on, make t a less effect ve tool n educat onal 

env ronments. 

 Jeppesen Fl teDeck demonstrated a h gh degree of accuracy and effect ve data ntegrat on, 

effect vely al gn ng w th the requ rements of Instrument Fl ght Rules (IFR) tra n ng. Nevertheless, t 

encountered challenges related to ease of use and restr ct ons n educat onal l cens ng. Wh le ts 

advanced features are deally su ted for prof c ent users, the substant al learn ng curve and barr ers to 

access b l ty reduce ts appl cab l ty w th n educat onal sett ngs. 

Overall, the f nd ngs underscore ForeFl ght as the most robust and pedagog cally valuable tool, followed 

closely by SkyDemon. The analys s reveals a clear correlat on between ease of use, data ntegrat on, and 

educat onal su tab l ty, h ghl ght ng the need for transparent and access ble nst tut onal l cens ng across 

all platforms evaluated. 

Table 1. Comparat ve Evaluat on of Fl ght Plann ng Software for P lot Tra n ng Contexts  

Software 
Academic 

Value 

Ease of 

Use 
Accuracy 

Data 

Integration 

Aircraft 

Relevance 

Educational 

Licensing  

ForeFlight 

 

High 

 

High 

 

Very 

High 

Excellent High 

Available 

SkyDemon 
High 

 

Very 

High 

High Good High 
Available 

RocketRoute 

 

Moderate 

 

 

Moderate 

 

 

Moderate 

 

 

Moderate 

 

 

Moderate 

 

Limited 

Garmin FltPlan Low Moderate Moderate Low High Available 

Jeppesen FliteDeck 

 

Moderate 

 

 

Low 

 

High 

 

 

High 

 

 

Moderate Limited 
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DISCUSSION and CONCLUSION 

The f nd ngs of th s study suggest that ForeFl ght and SkyDemon are the most pedagog cally al gned 

fl ght plann ng tools for ab- n t o av at on tra n ng programs. The r h gh scholarly value, ease of use, 

and strong data ntegrat on capab l t es pos t on them as effect ve platforms for enhanc ng learn ng 

outcomes (see Table 1). In part cular, ForeFl ghtôs except onal data ntegrat on and real-t me accuracy 

features make t espec ally su table for structured av at on educat on. At the same t me, SkyDemonôs 

ntu t ve des gn lowers the entry barr er for nov ce learners, contr but ng to a steeper early learn ng 

curve. 

   A key ns ght from the evaluat on s that effect ve educat onal software must str ke a balance between 

techn cal prec s on and usab l ty. Wh le platforms such as Jeppesen Fl teDeck offer advanced IFR 

features and h gh data f del ty, the r l m ted ease of use and restr cted educat onal l cens ng s gn f cantly 

h nder the r effect veness n entry-level tra n ng. S m larly, tools l ke Garm n FltPlan, though h ghly 

relevant to a rcraft operat ons, fall short n academ c ut l ty due to l m ted ntegrat on and lower data 

rel ab l ty. 

   The d scourse add t onally underscores the paramount s gn f cance of curr culum ntegrat on. Even 

the most prof c ent software w ll exh b t subopt mal performance f t s not ncorporated w th n a well-

structured syllabus. Early and cons stent engagement w th d g tal plann ng tools enhances competency-

or ented learn ng and cult vates operat onal fam l ar ty among students. Consequently, the pedagog cal 

advantage l es not solely n the select on of appropr ate software but also n ts pract cal mplementat on 

w th n nstruct onal frameworks. 

Recommendat ons 

To max m ze student outcomes and al gn w th tra n ng object ves, the follow ng recommendat ons are 

proposed: 

1- Adopt ForeFl ght or SkyDemon as the pr mary software platforms for ab- n t o fl ght tra n ng, 

based on the r educat onal effect veness and l cens ng ava lab l ty. 

2- Partner w th vendors to negot ate ta lored educat onal l cens ng agreements support ng 

nst tut onal access and long-term scalab l ty. 

3- Integrate software tra n ng d rectly nto the curr culum, ensur ng students ga n pract cal 

exposure from the outset of the r av at on educat on. 

4- Implement regular evaluat ons of d g tal tools as technology and regulatory standards evolve, 

ma nta n ng al gnment w th both ndustry needs and educat onal goals. 

In conclus on, fl ght plann ng software should not be v ewed as anc llary, but as an ntegral part of 

modern p lot educat on. When properly selected and embedded, tools l ke ForeFl ght and SkyDemon 

can mean ngfully enhance both techn cal understandng and operat onal read ness of future av ators. 
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Abstract 

 

The use of both cont nuous and categor cal observed var ables n a measurement model as m xed data 

types s becom ng ncreas ngly mportant, espec ally n med cal, soc al and behav oral sc ences. 

S mulat on stud es generally address whether the observed var ables are categor cal or cont nuous 

var ables. Bayes an s mulat on stud es for both cont nuous and categor cal observed var ables have 

made s gn f cant contr but ons to th s f eld. However, the performance of est mat on techn ques used n 

class cal statst cs s unknown. In the current study, t s a med to nvest gate the performance of the 

Robust Max mum L kel hood-MLR est mat on techn que, wh ch has robust correct ons. The ent re 

structure of the measurement model and the sample s ze were determ ned by cons der ng the l terature 

f nd ngs. The model has three latent var ables, and the factor load ngs are between 0.8 and 0.6, and the 

correlat on coeff c ent of the latent var ables s pre-ass gned as 0.3. Four observed var ables are 

determ ned for each latent var able, and t s ensured that the categor cal and cont nuous var ables are 

ncluded n a latent var able together. The sample s ze s determ ned as 200, 500 and 1000 un ts. Data 

generat on process was carr ed out by means of Mplus 8.3 program. B as, mean absolute b as (MAB) 

and relat ve b as (RB) were used n determ n ng MLR performance. Accord ng to the f nd ngs, n the 

sample s ze of 200 un ts, there were RB values exceed ng 5-6% n some factor load ngs, wh le n 500 

un ts, b as values decreased and RB values fell below 3%. In the sample s ze of 1000 un ts, t was 

observed that all b as values approached zero. In the correlat on between factors, a b as of 6.7-6.9% 

was observed n 200 un ts, wh le th s value decreased to around 3% n 500 un ts. In the sample s ze of 

1000 un ts, all b ases also approached zero n correlat on. Accord ng to these f nd ngs, t can be 

nterpreted that a med um level and above sample s ze of 500 un ts s requ red for the use of MLR n a 

measurement model w th a m xed varable structure. 

Key words: Measurement Models, M xed Data Types, MLR, Monte Carlo S mulat on. 

INTRODUCTION 

In Structural Equat on Model (SEM) stud es, more than one model s put forward by pract t oners and 

then data s collected to est mate and compare these models. Thus, the one that prov des the best 

cons stency w th the theory s selected from the ava lable f nd ngs. Pract t oners generally do not only 

look for a good f t between the model and the data, but also are nterested n the est mat on of the 

parameters that the model has. The reason for th s s tuat on s that parameter est mates are d rectly 

related to the content of the theory of nterest. Whether the cons stency n the theory s ach eved w th 

the est mat on results s very mportant for the research (Lal , 2018). 

SEM has become the most frequently used techn que w th the long-term use of pract t oner research 

n terms of evaluat ng the cons stenc es n the theory and develop ng mportant hypotheses. Desp te the 

years, the default Most L kely -ML method s st ll used n frequently used package programs (e.g., 

AMOS). By ensur ng mult var ate normal ty n the l ght of cont nuous data, ML g ves the expected 

nformat on matr x and the standard errors of the parameter est mates and the model's f t values w th the 
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l kel hood rat o test (Bollen, 1989). Th s s tuat on was f rst stud ed by Sattora and Bentler n 1994, and 

many stud es were carr ed out n the follow ng per od (Bentler & Yuan, 1999; Yuan & Bentler, 1997, 

2000). Now, some SEM packages (e.g., Mplus; Muth®n & Muth®n, 2016) calculate standard errors us ng 

the observed nformat on matr x nstead of the expected nformat on matr x. 

The data of many researchers generally cons st of categor cal data, prov ded that t s not the major ty. 

In general, the data s of 5-7 L kert type. In th s case, although the use of est mat on techn ques used n 

the case of cont nuous var ables (e.g., ML) s not recommended, they are st ll used (Rhemtulla et al., 

2012). Est mat on techn ques recommended for the use of cont nuous var ables perform as well as 

est mat on techn ques recommended for the presence of categor cal var ables (e.g., D agonally We ghted 

Least Squares- DWLS) when the number of categor es decreases (Savale , 2021). 

Many researchers are not only unaware of current developments but also obta n the r f nd ngs w th 

nappropr ate techn ques regardless of the type of data and model structure at hand. Th s s tuat on causes 

the doors that w ll contr bute to the ex st ng hypotheses n theory to be closed. For example, n many 

branches of sc ence that frequently use the concept of latent var ables, the measurement model does not 

have to be e ther categorcal or cont nuous. For example, n measur ng the concept of job embeddedness 

(Hom et al., 2009; M tchell et al., 2001), both cont nuous and categor cal observed var ables should be 

used. Wh le the number of years an nd v dual has worked can be g ven as a cont nuous var able, the 

frequency of customer contact can be g ven as a categor cal var able n a f ve-po nt L kert type. A s m lar 

s tuaton can be seen n the treatment of substance add ct on n psychology. In measur ng alcohol 

add ct on, the age of f rst use, the amount of alcohol consumed n a week can be g ven as cont nuous 

var ables; and the frequency of weekly alcohol consumpt on can be g ven as categor cal var ables. 

Aga n, a s m lar s tuat on can be seen n the measurement of pol t cal econom c r sk structure (Qu nn, 

2004). Wh le gross domest c product s treated as a cont nuous var able, jud c al ndependence and 

poverty can be g ven as ord nal categor cal var ables. Many appl cat ons n med cal and soc al sc ences 

use both categor cal and cont nuous var ables together n measurement models (D emer & L , 2012; Lee 

& Xu, 2003; L , 2021; Song et al., 2007; Zhou et al., 2014). 

In add t on to the mportance of us ng m xed var ables n measurement models, there s not much 

s mulat on or appl cat on on wh ch est mat on techn que s a better techn que. Because most of the 

stud es are e ther for categor cal var ables or for cont nuous var ables (Maydeu-Ol vares, 2017; L , 

2016a, 2016b). There are s mulat on stud es us ng the Bayes an approach on th s subject (Lee & Zhu, 

2000; Fahrme r & Raach, 2007; Qu nn, 2004; Saman  & Ganjal , 2011; Song & Lee, 2001). However, 

th s ssue has not yet been clar f ed as a result of ntens ve stud es n class cal stat st cs (L , 2021). 

The current study a ms to measure the performance of the MLR techn que, wh ch s a robust vers on 

of the ML techn que that pract t oners often use, n the case of m xed observed var ables n measurement 

models. The reasons why techn ques used for ord nal var ables are not selected nstead of MLR are as 

follows. The f rst s to ntroduce pract t oners to the robust vers on of a techn que they are mostly 

fam l ar w th. In fact, wh le MLR s appl ed for cont nuous var ables and cases where there s no 

normal ty, there are s mulat on stud es that state that t g ves good results when there s a dev at on from 

normal ty and s res stant to th s s tuat on. The last s that t s seen as a good alternat ve to DWLS, wh ch 

uses polycr t cal correlat on when the number of response categor es of the observed var able s more 

than 5 to 7 (L , 2021; Rhemtulla et al., 2012; Yang-Wallent n et al., 2010). 

MATERIAL AND METHODS 

Mater al 
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The measurement model n the study has three latent var ables and for th s structure, the number of 

categor cal and cont nuous var ables, sample s ze, and factor load ngs were used n all select on 

processes from L  (2021). L  (2021) expla ned all select on processes by support ng them w th l terature 

f nd ngs n h s study. There s a s m lar use n th s study and the select on processes are as follows (L , 

2021): 

Number of Categor cal Var ables: When we look at the stud es that have been conducted, t s seen 

that categor cal observed var ables have f ve or more answers. In th s case, there s a su table ground to 

use MLR. 

Select on n the Number of Cont nuous and Categor cal Var ables: Here, when a med um-s zed scale 

development phase s cons dered, a total of 4 observed var ables belong ng to three latent var ables are 

g ven n the CFA model. However, the rat o of cont nuous var ables to categor cal var ables s 

determ ned as follows. In the f rst latent var able, there are three cont nuous var ables and one categor cal 

var able. In the second, th s rat o s two. In the th rd latent var able, there are three categor cal varables 

and one cont nuous var able. 

Determ n ng Factor Load ngs and Correlat ons: In s mulat on stud es (e.g., Forero and Maydeu-

Ol vares, 2009), a homogeneous select on process s usually used n factor load ngs, but t s very 

d ff cult to meet th s s tuat on w th real data. At th s po nt, factor load ngs for both cont nuous and 

categor cal observed var ables were selected between 0.8 and 0.6. Correlat ons between factors were 

determ ned as 0.3. 

Sample S ze: As n many other s mulat on stud es, the small sample s ze n the current study was 

cons dered as 200 un ts, wh le the med um s ze was determ ned as 500 un ts and the large sample s ze 

as 1000. 

The path d agram of the study model s g ven n F gure 1. 

 

F gure 1. Path d agram of the model  

Methods 

The Collect on of the Data 

Data generat on process was produced w th the help of Mplus 8.3 for 200, 500 and 1000 samples w th 

Monte Carlo method and 1000 repl cat ons. Data s symmetr c and there s no m ss ng data. In l ne w th 

the purpose of the study, 6 of the 12 observed var ables were cons dered cont nuous and 6 were 

cons dered categor cal and product on was prov ded. 

Stat st cal Analys s 
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In measur ng MLR performance, the factor load ngs and the closeness of the correlat on values between 

the factors to the prev ously ass gned values were of nterest. In measur ng th s closeness, b as, mean 

absolute b as (MAB) and relat ve b as (RB) values were exam ned. 

RESULTS 

W th Monte Carlo s mulat on of sample s zes of small (N = 200), med um (N = 500) and large (N = 

1000) us ng Mplus 8.3, a power of 0.80 was obta ned dur ng the data generat on phase and the 

subsequent analys s phase, nclud ng factor load ngs and correlat ons. The model f t values were as 

follows. 

Table 1. Model f t values accord ng to sample s zes 

Sample Estimator ɢĮ/df (sd) CFI (sd) TLI (sd)  SRMR (sd) RMSEA (sd) 

200 MLR 53.723/51 (10.860) 0.990 (0.014) 0.994 (0.026) 0.043 (0.005) 0.017 (0.017) 

500 MLR 52.413/51 (10.219) 0.997 (0.005) 0.999 (0.010) 0.027 (0.003) 0.009 (0.010) 

1000 MLR 52.246/51 (10.022) 0.998 (0.002) 0.999 (0.005) 0.019 (0.002) 0.006 (0.007) 

The f t values of the model n each sample s ze appear to be qu te good (Schermelleh-Engel et al., 

2003). W th th s result, factor load ngs and correlat on f nd ngs between factors were passed. The 

f nd ngs are g ven n Tables 2 and 3. For the evaluat on of the nformat on n these tables where b ases 

are d scussed, based on prev ous s mulat on stud es (Bandalos, 2002; Curran et al., 1996; Flora & 

Curran, 2004; Kaplan, 1989; Yang-Wallent n et al., 2010), t was cons dered that a relat ve b as of less 

than 5% s ns gn f cant, a b as between 5-10% nd cates a moderate level of b as, and a b as greater than 

10% nd cates a s gn f cant b as. 

Table 3. Factor load ngs b as mab and rb 

Ind cator Sample S ze B as RB MAB 

X1 200 -0.05 -0.06250 0.05 

X1 500 -0.02 -0.02500 0.02 

X1 1000 0.00 0.00000 0.00 

X2 200 -0.02 -0.02857 0.02 

X2 500 -0.01 -0.01429 0.01 

X2 1000 0.00 0.00000 0.00 

X3 200 -0.02 -0.03333 0.02 

X3 500 -0.01 -0.01667 0.01 

X3 1000 0.00 0.00000 0.00 

Y1 200 -0.01 -0.01786 0.01 

Y1 500 0.00 0.00000 0.00 

Y1 1000 0.00 0.00000 0.00 

X4 200 -0.04 -0.05000 0.04 
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Table 3. Cont nued 

Ind cator Sample S ze B as RB MAB 

X4 500 -0.02 -0.02500 0.02 

X4 1000 -0.01 0.00000 0.01 

X5 200 -0.03 -0.04286 0.03 

X5 500 -0.01 -0.01429 0.01 

X5 1000 0.00 0.00000 0.00 

Y2 200 -0.02 -0.03077 0.02 

Y2 500 -0.01 -0.01538 0.01 

Y2 1000 0.00 0.00000 0.00 

Y3 200 -0.03 -0.05263 0.03 

Y3 500 -0.01 -0.01754 0.01 

Y3 1000 0.00 0.00000 0.00 

X6 200 -0.04 -0.05797 0.04 

X6 500 -0.02 -0.02899 0.02 

X6 1000 0.00 0.00000 0.00 

Y4 200 -0.03 -0.04615 0.03 

Y4 500 -0.02 -0.03077 0.02 

Y4 1000 0.00 0.00000 0.00 

Y5 200 -0.02 -0.03509 0.02 

Y5 500 -0.01 -0.01754 0.01 

Y5 1000 0.00 0.00000 0.00 

Y6 200 -0.02 -0.04082 0.02 

Y6 500 -0.01 -0.02041 0.01 

Y6 1000 0.00 0.00000 0.00 

The b ases for factor load ngs decreased as the sample s ze ncreased and approached zero. Th s 

showed that a b ased est mat on was made n small sample s zes, wh le n large s zes (N=1000) the b as 

almost approached zero. In part cular, t s seen that the relat ve b as of the x1 var able n the 200-un t 

sample s ze s 6.25%, wh le th s b as s 0.000 n the 1000-un t volume. 
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Table 4. Factor correlat ons b as mab and rb 

Correlat on Sample S ze B as          RB MAB 

F1_F2 200 -0.02 -0.06667 0.02 

F1_F2 500 -0.01 -0.03333 0.01 

F1_F2 1000 0.00 0.00000 0.00 

F1_F3 200 -0.02 -0.06667 0.02 

F1_F3 500 -0.01 -0.03333 0.01 

F1_F3 1000 0.00 0.00000 0.00 

F2_F3 200 -0.02 -0.06897 0.02 

F2_F3 500 -0.01 -0.03448 0.01 

F2_F3 1000 0.00 0.00000 0.00 

The correlat on values between the factors also resulted n a s m lar way to the factor load ngs. In 

small samples, RB had the h ghest value of 6.89%. Even th s result s below the 10% b as. V sual outputs 

for the correlat ons between factors and factor load ngs were also obta ned accord ng to the sample s zes. 

F gures 2. 3. 4. 5. are g ven. 

 

 F gure 2. Relat ve b as for nd cator x1 x2 x3 x4 and y1  
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F gure 3. Mean absolute b as for nd cator x1 x2 x3 x4 and y1 

 

 

F gure 4. Relat ve b as for correlat ons 

 

 

F gure 5. Mean absolute b as for correlat ons 

Only the v suals of some var ables are g ven for the factor load ngs. When these v suals and the data 

belong ng to the tables are exam ned, t s seen that a sample s ze of more than 500 un ts s actually 

suff c ent. A s m lar s tuat on s seen n the correlat on between the factors. When t s des red to d splay 

the s tuat on aga nst sample s ze w th a s ngle v sual for MAB and RB, F gure 6 and F gure 7 w ll be 

suff c ent. 
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F gure 6. MAB and RB n factor load ngs  

 

 

 

F gure 7. MAB and RB n factor correlat ons  

DISCUSSION AND CONCLUSION 

There s a use of m xed var ables n many measurement models n soc al sc ences. DWLS, developed 

for categor cal var ables n the l terature, has begun to become popular w th ts very robust correct ons 

n appl cat ons. At th s po nt, MLR, wh ch s a strong method aga nst dev at on from normal ty, s also 

expected to perform well n m xed var ables. The analys s performed n the current study addressed the 

performance of MLR n measurement models where both categor cal and cont nuously observed 

var ables are present only from the perspect ve of sample s ze. The study has l m tat ons n many po nts 

n th s respect. These are many def c enc es such as not address ng standard error est mates, ch-square 

f t stat st cs, dev at on from normal ty and m ss ng data. In th s respect, the study only focused on the 

b as values of MLR aga nst the sample s ze. However, the fact that the b ases n th s study have small 

values makes MLR attract ve for SEM appl cat ons. When the b as f nd ngs obta ned are exam ned, t s 

seen that they have s m lar results to L  (2021), who conducted a more comprehens ve study. 

If the l m tat ons of the current study are taken nto account n future stud es, the performance of 

MLR can be observed better. In add t on, the establ shed model cons sts of only a measurement model. 
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At th s po nt, f the model structures frequently used by SEM pract t oners are cons dered, more 

attract ve and useful research f nd ngs can be revealed. 
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Abstract 

 

The increase in global carbon dioxide (CO2) emissions represents a significant threat to climate change 

and environmental sustainability. It is evident that emissions originating from the transportation sector, 

in particular, contribute significantly to greenhouse gas emissions. Consequently, the development of 

decision support systems that can accurately estimate the amount of CO2 emissions based on technical 

and structural vehicle data is imperative. In this study, the open dataset consisting of 7,385 samples of 

passenger vehicles registered in Canada was utilised to estimate the CO2 emission per kilometer by 

means of three different deep learning models. The models examined are Long Short-Term Memory 

(LSTM), Gated Recurrent Unit (GRU) and Simple Recurrent Neural Network (RNN) architectures. Each 

model was trained and tested on the same dataset, utilising both the 70-15-15 fixed data splitting method 

and 5-fold cross-validation. RĮ, Mean Square Error (MSE) and Root Mean Square Error (RMSE) metrics 

were utilised in performance evaluation. The findings indicated that all models demonstrated the 

capacity to make predictions with a high degree of accuracy; however, the LSTM model exhibited 

superior performance with regard to overall success, generalizability, and error rates. The findings 

demonstrate the efficacy of recurrent neural networks in processing structured data that is devoid of 

time series, thereby underscoring their potential for generating data-driven insights that inform 

sustainable transportation policies. 

Key words: Deep learning, CO  emission prediction, LSTM, GRU, RNN 

INTRODUCTION 

Global cl mate change s tr gger ng env ronmental and soc oeconom c cr ses worldw de due to 

ncreas ng greenhouse gas em ss ons. In th s context, carbon d ox de (CO ) em ss ons have an mportant 

share espec ally n the transport sector and have become one of the focal po nts of cl mate pol c es (Guo, 

Kou, & He, 2024; Abdulmal k & Sr vastava, 2023). Motor veh cles em t s gn f cant amounts of CO  to 

the atmosphere through the d rect consumpt on of foss l fuels, wh ch not only ncreases env ronmental 

pollut on but also poses ser ous threats to energy eff c ency and susta nable transport systems (Verma et 

al., 2024). 

In recent years, art f c al ntell gence and data sc ence-based approaches have been ncreas ngly used 

to analyse and pred ct env ronmental var ables. These methods have the potent al to produce successful 

pred ct ons, espec ally n h gh-d mens onal and non-l near data structures (Goodfellow, Beng o, & 

Courv lle, 2016). Deep learn ng techn ques have stronger general sat on capab l ty compared to 
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trad t onal mach ne learn ng algor thms thanks to the r mult-layered structure and can successfully 

model complex patterns (He et al., 2024; Khal d et al., 2024). 

In the l terature, class cal regress on models or convent onal mach ne learn ng algor thms are 

generally preferred n stud es that est mate CO  em ss ons us ng techn cal data of veh cles (Kumar, S nha 

& Ranjan, 2022). However, recurrent neural network (RNN)-based models stand out w th the r powerful 

learn ng capab l t es even for data that do not conta n t me dependence or sequent al structure. In 

part cular, arch tectures such as Long Short Term Memory (LSTM) and Gated Recurrent Un t (GRU) 

can learn long-term dependenc es more eff c ently by m n m z ng problems such as grad ent fad ng 

(Hochre ter & Schm dhuber, 1997; Cho et al., 2014). 

Th s study a ms to develop deep learn ng models that pred ct CO  em ss ons per k lometer from the 

techn cal character st cs of veh cles us ng an open dataset of veh cles reg stered n Canada. In th s 

context, three d fferent recurrent arch tectures-RNN, LSTM and GRU-were evaluated and the r 

performance was compared by tra n ng each model w th both f xed data spl tt ng (70-15-15) and 5-fold 

cross-val dat on methods. The performance of the models was analyzed through regress on metr cs such 

as coeff c ent of determ nat on (RĮ), Mean Square Error (MSE) and Root Mean Square Error (RMSE). 

Th s study reveals how effect ve deep learn ng models can be n env ronmental data analys s such as 

CO  em ss on est mat on and presents a data-dr ven approach that can contr bute to susta nable 

transportat on pol c es (Khal d et al., 2024; Kohav , 1995). 

MATERIAL AND METHODS 

Th s study a ms to est mate the amount of CO  em ss ons per k lometer us ng techn cal data of passenger 

veh cles reg stered n Canada. The dataset used was obta ned from the Canad an government's open data 

sources and publ shed on the Kaggle platform. Th s dataset, wh ch ncludes var ous veh cle models 

produced between 2014-2020, conta ns a total of 7385 observat ons and 12 var ables. 

Data Character st cs and Preprocess ng 

The target var able to be est mated s ñCO2 Em ss ons (g/km)ò. The ndependent var ables nclude 

techn cal var ables such as eng ne d splacement (L), number of cyl nders, transm ss on type, veh cle 

class, fuel type and urban/h ghway/comb ned fuel consumpt on (L/100 km). The ñFuel Consumpt on 

Comb (mpg)ò column was excluded from the analys s as t was found to conta n ncorrect convers ons 

(Patel, 2024; Wang, Zhang & Chen, 2024). 

Pr or to model ng, categor cal var ables were converted nto numer cal form us ng one-hot encod ng. 

All numer cal attr butes were normal zed n the range [0,1] us ng the M nMaxScaler techn que. The 

dataset was randomly d v ded nto 70% tra n ng, 15% val dat on and 15% test ng subsets. 

Model Arch tectures 

The same bas c arch tecture s used n all models. In the three-layer sequent al structure, the f rst 

recurrent layer cons sts of 512 un ts and the t me d mens on s preserved w th the return_sequences=True 

parameter. The subsequent layers conta n 256 and 128 un ts. To prevent overf tt ng, a 20% dropout s 

appl ed after each recurrent layer. Then, two dense layers w th 64 and 32 neurons respect vely are added 

and the model s completed w th a s ngle neuron regress on output. The ReLU act vat on funct on was 

used n all models and only the recurrent layer type was changed to obta n the LSTM, GRU and RNN 

var ants. 
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Three d fferent deep learn ng arch tectures are evaluated n the study: S mple RNN, LSTM and GRU. 

The models are tra ned under the same data process ng and arch tectural structure and a comparat ve 

performance analys s s performed. 

S mple Recurrent Neural Network (RNN) 

The S mple Recurrent Neural Network s the bas c recurrent neural network developed to model short-

term dependenc es n sequent al data. It produces a new output at each t me step, tak ng nto account the 

prev ous output. Although th s structure s effectve n captur ng short correlat ons, t may be nsuff c ent 

for learn ng long-term dependenc es due to problems such as grad ent d sappearance (Goodfellow, 

Beng o & Courv lle, 2016). Although the RNN arch tecture s character zed by ts computat onal 

s mplc ty, ts l m ted memory capac ty can be a performance d sadvantage for more complex data 

patterns. 

Long Short Term Memory (LSTM) 

LSTM was developed to overcome the nab l ty of the RNN structure to model long-term relat ons. 

LSTM cells can control the flow of nformat on through nput, forget and output gates, allow ng the 

network to dec de wh ch nformat on to keep and wh ch to forget. Th s mechan sm ncreases the stab l ty 

of the learn ng process by prevent ng the loss of grad ents over t me (Hochre ter & Schm dhuber, 1997). 

LSTM s a prom nent model n terms of accuracy and general zab l ty, espec ally n h gh-d mens onal 

and complex data sets. 

Gated Recurrent Un t (GRU) 

GRU has a t me-dependent learn ng mechan sm s m lar to the LSTM arch tecture, but w th a s mpl f ed 

structure w th fewer parameters. By organ z ng the flow of nformat on through update and forget gates, 

GRU can offer s m lar performance w th a lower computat onal load compared to LSTM. It can prov de 

effect ve results w th fast tra n ng and low error, espec ally for small and med um-s zed data sets (Cho 

et al., 2014). 

Common Arch tecture and Tra n ng Deta ls 

The same network structure s adopted n all three models. There are three recurrent layers w th 512, 

256 and 128 un ts, followed by dense layers w th 64 and 32 neurons and a s ngle regress on output. A 

20% dropout was appl ed after each recurrent layer to avo d overf tt ng. In all layers, ReLU was used as 

the act vat on funct on and Adam as the opt m zat on algor thm. Mean Squared Error (MSE) was used 

as the loss funct on and the tra n ng process was controlled w th an early stopp ng strategy based on 

val dat on loss. 

S nce the data structure does not nclude t me ser es, the model nput format was converted nto a 

three-d mens onal tensor (number of samples, t me step, number of attr butes) to ensure the appl cab l ty 

of sequent al models. 

Evaluat on Method 

In order to evaluate the performance of the models developed n th s study, two d fferent val dat on 

strateg es were appl ed: f xed data spl tt ng method and 5-fold cross-val dat on. 

In the f rst method, the dataset was randomly d v ded nto 70% tra n ng, 15% val dat on and 15% 

test ng subsets. The tra n ng process was performed w th only tra n ng and val dat on data, wh le the 

overall performance of the model was evaluated on ndependent test data. Th s method was used to 

measure the performance on a s ngle test set of the model on a spec f c data spl t. 
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As the second method, 5-Fold Cross-Val dat on was appl ed. In th s method, the data set s d v ded 

nto f ve equal parts; n each layer, a d fferent part s used as test data, wh le the rema n ng four parts are 

reserved for tra n ng. In each round, the model was retra ned and the test performances were calculated. 

The results were averaged to determ ne the overall model performance. Th s approach prov ded a more 

object ve measure of the general zab l ty and stab l ty of the model across d fferent data spl ts (Kohav , 

1995). 

In both evaluat on strateg es, four bas c regress on metr cs were used to compare model performance: 

R2, MAE, MSE, RMSE. The comb nat on of these two methods prov ded more rel able results by 

observ ng both the performance on a s ngle test set on a spec f c data spl t and the overall general zab l ty 

of the model. 

RESULTS 

In th s study, three d fferent deep learn ng models cons st ng of RNN, LSTM and GRU arch tectures 

were developed to pred ct the carbon d ox de (CO ) em ss on value per k lometer from the techn cal 

spec f cat ons of veh cles. To ensure a fa r compar son, all models shared an dent cal arch tectural 

conf gurat on, vary ng only n the type of recurrent un t employed. In th s way, the performance of the 

models s comparable under equal cond t ons. 

The tra n ng process was performed accord ng to two d fferent evaluat on strateg es. F rst, the dataset 

was d v ded nto tra n ng, val dat on and test sets w th a f xed proport on (70%-15%-15%) and the 

class cal spl tt ng method was appl ed. Secondly, the 5-Fold Cross-Val dat on method was used to 

evaluate model general zab l ty more rel ably. 

In both strateg es, the pred ct ve success of the models was evaluated us ng regress on performance 

metr cs: RĮ, MSE and RMSE. The test results based on the f xed data spl t are summar zed n Table 1 

and the cross-val dat on results are summar zed n Table 2. 

Table 1. Regression performance comparison of LSTM, GRU and RNN models on fixed test set 

Model R2 RMSE MSE 

LSTM 0.9804 8.2203 67.5732 

RNN 0.9846 7.2859 53.0841 

GRU 0.9855 7.0679 49.9547 

 

Table 2. 5-fold cross-validation results of LSTM, GRU and RNN 

Model R2 RMSE MSE 

LSTM 0.9766 8.928 80.044 

RNN 0.9725 9.68 93.94 

GRU 0.9691 10.2637 105.7944 

 

F gures 1 to 3 llustrate the comparat ve al gnment between actual and pred cted CO  em ss ons 

across the three arch tectures. These f gures show the d str but on between the actual and pred cted CO  

em ss on values of the LSTM, GRU and RNN models, respect vely. 
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Figure 1. Actual vs. Predicted CO  Emissions using the LSTM Model 

 

 

Figure 2. Actual vs. Predicted CO  Emissions using the GRU Model 

 

Figure 3. Actual vs. Predicted CO  Emissions using the RNN Model 

 

DISCUSSION AND CONCLUSION 

In th s study, RNN, LSTM and GRU based deep learn ng models des gned to pred ct CO  em ss ons 

based on the techn cal character st cs of veh cles are evaluated. All models were des gned n the same 

network structure and only the recurrent layer type was changed, thus prov d ng an object ve bas s for 
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model compar sons. Performance measurements were performed us ng both f xed data part t on and 5-

fold cross-val dat on methods, thus observ ng both mmed ate and general zable performance. 

Accord ng to the results, the LSTM and GRU models outperformed the class cal RNN structure. In 

part cular, the LSTM model produced more stable results w th lower errors n cross-val dat on scenar os. 

Th s s d rectly related to the ab l ty of LSTM and GRU to capture more complex ntr ns c dependenc es. 

Although the dataset used does not conta n t me ser es n the class cal sense, the structural and 

sequent al relat onsh ps embedded between attr butes (e.g. eng ne d splacement, fuel type, number of 

cyl nders, fuel consumpt on, etc.) make sequent al nformat on process ng advantageous. In th s context, 

recurrent neural network arch tectures are cons dered more su table for learn ng h dden dependenc es n 

such data. Convolut onal arch tectures, on the other hand, are more prone to learn ng spat al patterns, 

result ng n l m ted mpact on such tabular and non-sequent al data structures. Therefore, structures such 

as LSTM and GRU are better su ted for model ng correlat ons between features and mprov ng 

pred ct on accuracy. 

Moreover, the h gh success rates obta ned w th f xed data part t on ng are sl ghtly reduced compared 

to cross-val dat on, suggest ng that rel ance on nd v dual data part t ons may be m slead ng and that 

model performance should be cons stently tested on d fferent subsets of data. 

As a result of th s study, t was observed that LSTM and GRU arch tectures can prov de h gh accuracy 

not only n t me ser es data but also n non-sequent al data w th structural relat onsh ps. In th s context, 

recurrent neural networks can be cons dered as powerful tools n d fferent appl cat on areas such as 

env ronmental mpact analys s, susta nable transportat on model ng and em ss on est mat on n the 

automot ve ndustry. Future mprovements may nclude the ntegrat on of broader datasets and 

nterpretab l ty techn ques. 

References 

Abdulmal k, R., & Sr vastava, G. (2023). Forecast ng of transportat on-related CO  em ss ons n Canada 

w th d fferent mach ne learn ng algor thms. Open Access Journal of Art f c al Intell gence and 

Mach ne Learn ng, 3(2). 

Cho, K., van Merr ±nboer, B., Gulcehre, C., Bahdanau, D., Bougares, F., Schwenk, H., & Beng o, Y. 

(2014). Learn ng phrase representat ons us ng RNN encoderïdecoder for stat st cal mach ne 

translat on. arX v prepr nt arX v:1406.1078. 

Goodfellow, I., Beng o, Y., & Courv lle, A. (2016). Deep learn ng. MIT Press.  

Guo, X., Kou, R., & He, X. (2024). Towards carbon neutral ty: Mach ne learn ng analys s of veh cle 

em ss ons n Canada. Susta nab l ty, 16(23), 10526. https://do .org/10.3390/su162310526 

He, Y., Chen, J., Wu, J., L , J., & Lu, M. (2024). A mach ne learn ng model based on GRU and LSTM 

to pred ct the env ronmental parameters n a layer house, tak ng CO  concentrat on as an example. 

Sensors, 24(1), 244. https://do .org/10.3390/s24010244 

Hochre ter, S., & Schm dhuber, J. (1997). Long short-term memory. Neural Computat on, 9(8), 1735ï

1780. https://do .org/10.1162/neco.1997.9.8.1735 

Khal d, M. A., Rehman, R., Naz r, M., Shahzad, F., Zameer, A., & Mehmood, A. (2024). Deep learn ng 

model based pred ct on of veh cle CO  em ss ons w th eXpla nable AI ntegrat on for susta nable 

env ronment. Sc ent f c Reports, 14(1), 2249. https://do .org/10.1038/s41598-025-87233-y 

Kohav , R. (1995). A study of cross-val dat on and bootstrap for accuracy est mat on and model 

select on. In Proceed ngs of the 14th Internat onal Jo nt Conference on Art f c al Intell gence (Vol. 2, 

pp. 1137ï1143). Morgan Kaufmann. https://dl.acm.org/do /10.5555/1643031.1643047 



II. Internat onal Data Sc ence and Informat on Technolog es 

Congress (INFTEC 2025) Budapest/Hungary May 22-23, 2025 

 

116 

 

Kumar, P., S nha, R. K., & Ranjan, R. (2022). Pred ct ng CO  em ss ons by veh cles us ng mach ne 

learn ng. In Proceed ngs of the 3rd Internat onal Conference on Intell gent Eng neer ng and 

Management (ICIEM 2022) (pp. 197ï207). Spr nger. https://do .org/10.1007/978-3-031-08651-8_18 

Patel, R. (2024). Fuel data correct on gu de for transportat on analyt cs. Transport Canada Techn cal 

Report. 

Verma, A., Routhu, L. C., Ch grupaat , R., Choubey, A., M sra, R., & S ngh, T. N. (2024). B g data-

dr ven long term accurate CO  em ss on forecast ng us ng advanced recurrent neural networks. In 

2024 IEEE Internat onal Conference on B g Data (pp. 4438ï4447). IEEE. 

https://do .org/10.1109/B gData62323.2024.10825045 

Wang, H., Zhang, L., & Chen, Y. (2024). Data preprocess ng n veh cle fuel eff c ency model ng. Journal 

of Env ronmental Data Sc ence, 8(1), 22ï35. 

  

https://doi.org/10.1109/BigData62323.2024.10825045


II. Internat onal Data Sc ence and Informat on Technolog es 

Congress (INFTEC 2025) Budapest/Hungary May 22-23, 2025 

 

117 

 

Is Manual Feature F lter ng St ll Necessary After Automated Extract on? A 

Comparat ve Study 

 

Emre Del baĸ1* 

 
1 S vas Cumhur yet Un vers ty, Graduate School of Natural and Appl ed Sc ences, Department of 

Art f c al Intell gence and Data Sc ence, 58140, S vas, T¿rk ye  

 

*Correspond ng author e-ma l: edel bas@cumhur yet.edu.tr 

 

Abstract 

 

This study investigates whether manual dimensionality reduction techniques (in particular 

VarianceThreshold (VT)) applied to features automatically extracted by unsupervised methods such as 

Autoencoder and UMAP can improve classification performance. The experiments are performed on 

two structurally different datasets: the low-dimensional and regularised Dry Bean dataset and the high-

dimensional and artificially generated Madelon dataset. Five modelling scenarios were evaluated for 

each dataset: classification with raw data, dimensionality reduction with Autoencoder and UMAP, and 

versions with VT applied to these representations. The results show that in the Dry Bean dataset, 

automatic feature extraction preserves the classification performance, and the application of VT does 

not contribute significantly. In contrast, in the Madelon dataset, automatic feature extraction 

significantly reduced accuracy and subsequent VT filtering could not compensate for this loss. These 

findings suggest that interventions such as VT are not universally beneficial and are highly dependent 

on the structure of the dataset and the quality of the learnt representations. The study highlights that 

post-inference filtering should be applied in a way that is sensitive to the data context and not rote 

learning. 

Keywords: Automated Feature Extraction, Dimensionality Reduction, Variance Threshold, Autoencoder, 

Classification Performance 

INTRODUCTION 

W th the prol ferat on of deep learn ng-based models, automated feature extract on approaches have 

become an essent al component of mach ne learn ng appl cat ons. These approaches generate model 

nputs by der v ng abstract ons from data w thout manual saton, thus automat ng the trad t onal feature 

eng neer ng process. However, n many cases where these automat cally extracted features have h gh 

d mens onal ty and nformat on redundancy, they can adversely affect class f cat on performance. 

Therefore, n recent stud es, t has been stated that apply ng techn ques such as d mens onal ty 

reduct on or feature select on after automat c feature extract on can ncrease the class f cat on 

performance and make the model more nterpretable. For example, G l-R os et al. (2024) showed that 

89% success was ach eved w th only 4 features by f lter ng 473 mage-based automat cally extracted 

features w th evolut onary algor thms, wh ch revealed that h gh-d mens onal automat c representat ons 

can be opt m zed w th aggress ve reduct on. Moslem  & Jamsh d  (2025) reported that the feature 

select on they appl ed by preserv ng man fold structures n Autoencoder-based automat c feature 

extract on s gn f cantly mproved both the class f cat on accuracy and the NMI score. Wang et al. (2023) 

stated that they ach eved s gn f cant d mens onal ty reduct ons w thout loss of accuracy by comb n ng 

transformat on and select on n mult d mens onal automat c features w th SUP/GOSUP approaches. The 
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GB-AFS method presented by Lev n & S nger (2023) was able to ach eve full accuracy w th only a 7ï

30% feature subset w thout any parametr c adjustments and prov ded resource sav ngs. B glar  et al. 

(2020) reported that 92% accuracy was ach eved w th a d mens onal ty reduct on of up to 99% w th 

progress ve feature select on n the small sample-h gh d mens onal ty scenar o. Wang et al. (2022) stated 

that select ng only mean ngful features n deep learn ng-based recommendat on systems ncreases 

performance. Meepagan thage & N colescu (2025) showed that feature select on w th dec s on trees n 

RNN, GRU and LSTM-based systems prov des max mum performance n the 70% subset. Pad lha et 

al. (2021) po nted out that mult d mens onal automat c feature f lter ng w th Boruta algor thm prov des 

a s gn f cant contr but on to model performance. 

On the other hand, there are also stud es that argue that ntervent on after automat c feature extract on 

s unnecessary. B har e (2020) stated that feature select on becomes mean ngless n deep learn ng 

models, espec ally n arch tectures such as RNN, and only prov des l m ted contr but on n feedforward 

structures. Bosch (2021) reported that automat c feature f lter ng can reduce the explanatory ab l ty of 

the model n the absence of user ntervent on and s neffect ve.  

Cons der ng all these stud es, the quest on of the extent to wh ch d mens onal ty reduct on or feature 

select on appl cat ons after automat c feature extract on are mean ngful s st ll controvers al, depend ng 

on the s ze of the dataset, the feature d strbut on structure, and the nature of the automat c extract on 

method. Th s study exper mentally evaluates the effect of manual f lter ng ntervent on w th 

Var anceThreshold (VT) after automat c feature extract on w th Autoencoder and UMAP on two 

d fferent datasets and quest ons the contr but on of th s ntervent on to the class f cat on performance. 

MATERIAL AND METHODS 

Datasets 

In th s study, two d fferent datasets were used to evaluate the effect veness of manual f lter ng 

ntervent ons after automat c feature extract on. The datasets were obta ned from the UCI Mach ne 

Learn ng Repos tory, wh ch s w dely used and accepted for comparat ve analyses n the l terature: 

¶ Dry Bean Dataset: It s a med um-s zed and balanced dataset cons st ng of 16 numer cal 

features and 7 classes. It allows mult-class class f cat on based on the phys cal propert es of 

agr cultural products. 

¶ Madelon Dataset: It s a h gh-d mens onal and art f c ally generated dataset cons st ng of 500 

numer cal features and 2 classes. Due to ts complex structure, t s frequently used to test the 

performance effects of methods such as d mens onal ty reduct on and feature select on. 

These two datasets were spec f cally selected to observe how the ntervent on after automat c feature 

extract on produces results on d fferent data types. 

Preprocess ng and Representat on Transformat ons 

F ve bas c scenar os were cons dered for each dataset: 

1. D rect class f cat on w th raw data (reference model) 

2. Automat c d mens onal ty reduct on w th Autoencoder (AE) 

3. Manual f lter ng w th Var anceThreshold (VT) after AE 

4. D mens onal ty reduct on w th UMAP 

5. Manual f lter ng w th VT after UMAP 
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S nce there were no m ss ng values n the data preprocess ng stage, d rect normal zat on was appl ed. 

All features were subjected to z-score scal ng w th StandardScaler(). Class labels coded as Ñ1 n 

the Madelon dataset were relabeled as 0 and 1. 

The rema n ng feature numbers after the d mens onal ty reduct on steps are summar zed n the table 

below: 

Table 3. Feature dimensionality before and after reduction for each dataset and method. 

Dataset Rae AE AE + VT UMAP UMAP + VT 

Dry Bean 16 8 8 8 8 

Madelon 500 32 31 32 32 

Autoencoder arch tecture was created w th Keras l brary and cod ng was performed w th layers such as 

nput d mens on Ÿ 256 Ÿ 128 Ÿ 32. Decoder has a symmetr c structure. Transformat on was 

performed for UMAP us ng umap-learn l brary w th n_components=8 (Dry Bean) and 

n_components=32 (Madelon) parameters. VT process was appl ed w th 

sklearn.feature_selection.VarianceThreshold funct on us ng threshold=0.01 

threshold value. Th s threshold s a med at el m nat ng features w th almost zero var ance. 

Class f cat on and Evaluat on Method 

The XGBoost model was preferred for class f cat on n all scenar os. Th s model was espec ally 

preferred due to ts low tra n ng t me and h gh success n small-med um s zed data sets. It can also 

prov de performance on low-d mens onal representat ons result ng from VT w thout be ng prone to 

over-learn ng. 

XGBoost class f ers were created w th use_label_encoder=False and eval_metr c='logloss' 

parameters, and for each scenar o, the data was d v ded nto 80% tra n ng - 20% test, preserv ng the 

class balance (strat fy=y). 

The model performance was evaluated w th the follow ng two bas c metr cs: 

¶ Accuracy: The overall accuracy rate reflects the overall success of the model on all classes. 

¶ F1-score: It s the harmon c average of the prec s on and recall values, and s part cularly 

sens t ve to the poss b l ty of class mbalance. 

A macro average F1-score was calculated for the Dry Bean data set, and a b nary F1-score was 

calculated for the Madelon. 

Thanks to th s methodolog cal structure, class f cat on performance n d fferent d mens onal ty 

reduct on and f lter ng scenar os can be compared d rectly by follow ng the same exper mental protocol 

on both datasets. 

RESULTS 

In th s sect on, the class f cat on performances of f ve d fferent model ng scenar os appl ed on the Dry 

Bean and Madelon datasets are presented and evaluated comparat vely. Accuracy and F1-score are used 

as performance cr ter a, and the effect veness of the d mens onal ty reduct on steps for each scenar o s 

also nterpreted n terms of the number of features and class f cat on success. 

Dry Bean Dataset Results 
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Class f cat on performances of f ve scenar os appl ed on the Dry Bean dataset are as shown n Table 2: 

Table 4. Classification performance on the Dry Bean dataset across five feature processing scenarios. 

Dimensionality is preserved post-VT 

Scenar o Feature Count Accuracy F1-score 

Raw (XGBoost) 16 0.9225 0.9225 

Autoencoder 8 0.9218 0.9219 

Autoencoder + VT 8 0.9148 0.9148 

UMAP 8 0.9104 0.9103 

UMAP + VT 8 0.9104 0.9103 

These results show that automat c d mens onal ty reduct on methods such as AE and UMAP can 

preserve the class f cat on performance w th very l ttle loss. However, VT ntervent on d d not cause a 

change n the number of features and d d not affect the performance s nce the var ance of the selected 

features was suff c ent n th s data. Th s nd cates that ntervent on on automat cally extracted 

representat ons may be unnecessary n data w th med um s ze and regular d str but on n stat st cal terms. 

Madelon Dataset Results 

The results for the Madelon dataset, wh ch cons sts of h gh-d mens onal and art f c al features, are g ven 

n Table 3: 

Table 3. Class f cat on performance on the Madelon dataset. AE and UMAP s gn f cantly reduce 

performance, and VT f lter ng has no measurable benef t. 

Scenar o Feature Count Accuracy F1-score 

Raw (XGBoost) 500 0.8000 0.8104 

Autoencoder 32 0.5725 0.5778 

Autoencoder + VT 31 0.5725 0.5778 

UMAP 32 0.5300 0.5459 

UMAP + VT 32 0.5300 0.5459 

In th s scenar o, automat c feature extract on methods caused s gn f cant nformat on loss, and 

class f cat on performance decreased dramat cally. AE and UMAP outputs were nsuff c ent, and VT 

f lter ng could not prov de any mprovement on these outputs. Th s s tuat on reveals that n some cases, 

automat c feature extract on already produces scattered and mean ngless representat ons, and trad t onal 

ntervent ons on them may be neffect ve. The results of both datasets and scenar os are v sual zed n the 

graph n F gure 1. As seen n F gure 1, the Madelon dataset shows a s gn f cant decrease n accuracy 

after AE and UMAP transformat ons. 
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Figure 4. Comparison of classification accuracy across five dimensionality reduction strategies for 

both datasets. 

 

DISCUSSION AND CONCLUSION 

Th s study systemat cally evaluated the effects of manual d mens onal ty reduct on ntervent ons appl ed 

after automat c feature extract on on class f cat on performance on two d fferent datasets. The results of 

f ve scenar os appl ed to the Dry Bean and Madelon datasets show that data structure and d mens onal ty 

play a dec s ve role n the effect veness of the ntervent on. 

In the exper ments conducted on the Dry Bean dataset, automat c d mens onal ty reduct on 

techn ques such as Autoencoder and UMAP y elded results very close to the or g nal accuracy level, and 

t was observed that VT f lter ng d d not contr bute to these representat on forms. At f rst glance, 

apply ng automat c feature extract on on such a dataset may seem unnecessary. However, the nclus on 

of such datasets n the study s mportant n terms of exper mentally demonstrat ng not only successful 

ntervent ons but also unnecessary ntervent ons. S nce Dry Bean has h gh data qual ty and a balanced 

d str but on, t has been shown that unnecessary transformat ons appl ed on such structures do not 

contr bute to performance, but may also create add t onal burden n terms of model s mpl c ty and 

computat onal cost. Th s scenar o was evaluated as a reference to quest on whether the ntervent on s 

really necessary. 

The s tuat on s qu te d fferent n the Madelon dataset. Automat cally extracted representat ons 

s gn f cantly reduced the class f cat on success and the VT appl cat on could not compensate for th s 

loss. Th s result reveals that models such as Autoencoder and UMAP may not be able to obta n 

suff c ently nformat ve features n h gh-d mens onal and art f c ally der ved data and that n th s case, 

trad t onal f lter ng methods may not make a mean ngful contr but on. In other words, the reason for the 

decrease n success may not be only the neffect veness of VT but also the nadequacy of the automat c 

nference process tself. 

In th s context, t should be kept n m nd that automat c feature extract on models are des gned not 

only for d mens on reduct on but also to enr ch data representat ons. However, f the extracted 

representat ons are not mean ngful enough, the reduct on processes appl ed on them also become 

neff c ent. Therefore, espec ally n h gh-d mens onal and no sy data such as Madelon that do not carry 
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nformat on, f ltrat ons performed w thout evaluat ng the qual ty of the extracted representat ons may 

be neffect ve. 

In general, the f nd ngs obta ned show that the effect veness of the ntervent ons made after automat c 

nference depends on the character st cs of the data set, the nformat on carry ng power of the 

representat ons and the sens t v ty of the target class f cat on model. Th s study exper mentally 

demonstrates that ntervent on strateg es such as ñpost-autoencoder VTò or ñpost-UMAP f lter ngò, 

wh ch are w dely suggested n the l terature, are not val d for every data structure. As a result, th s study 

suggests that a caut ous and data-dr ven approach should be adopted aga nst general z ng statements n 

the l terature regard ng the benef ts of ntervent on after automat c feature extract on. Espec ally n 

med um-s zed structures where model performance s stable, unnecessary f lterng steps can have 

negat ve consequences n terms of both process ng load and model s mpl c ty. On the other hand, 

whether the decrease n success s due to the weakness of automat c extract on or the nappropr ateness 

of the ntervent on method should be evaluated separately, and further stud es should reveal th s 

d st nct on methodolog cally. 
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Abstract 

 

Qual ty control processes play a p votal role n the agr cultural ndustry. The prec s on and eff c ency 

w th wh ch these processes are executed have a d rect mpact on the success of product on systems. 

Open-source dataset from Kaggle.com featur ng var ous m lk qual ty attr butes was ut l zed n th s 

research. The dataset encompasses both phys cal and sensory qual ty nd cators nclud ng pH, 

temperature, taste, odor, fat content, color, and dens ty rat o. A comb nat on of s mple graph cal tools 

and advanced mult var ate v sual zat on techn ques was appl ed for stat st cal analys s of data. M ss ng 

values were dent f ed dur ng the data preprocess ng phase and outl ers were flagged, therefore data 

was standard zed. Several b ometr c v sual zat on techn ques were employed, such as Pr nc pal 

Component Analys s (PCA), dendrograms w th heatmaps, boxplots and radar charts. PCA was 

nstrumental n exam n ng the relat onsh ps between samples and var ables n a two-d mens onal format. 

Meanwh le, dendrograms and heatmaps helped uncover clusters of samples that shared s m lar qual ty 

character st cs. Radar charts offered a comprehens ve representat on of the qual ty prof les for 

nd v dual samples. In conclus on, the study llustrates that v sual zat on s not only a method for 

present ng data but also serves as a powerful component of dec s on support systems. The study 

evaluates the pract cal ty, clar ty, and usefulness of mult var ate data analys s techn ques us ng m lk 

qual ty parameters. The strateg c use of b ometr c v sual zat on tools for analyz ng complex agr cultural 

products stands out as a strateg c contr but on toward the d g tal advancement of agr culture. 

Key words: Biometric analysis, Visualization, Milk quality, PCA, Clustering, Heatmap  

INTRODUCTION 

In recent years, the rap d ncrease n data volumes and nformat on sources, along w th the fact that th s 

data has become more processable, has s gn f cantly elevated the mportance and usage of data-dr ven 

approaches. The format on of large data sets n the agr culture and l vestock sectors and the growth of 

analyzable quant tat ve and qual tat ve data have led to a greater need for such approaches n dec s on-

mak ng processes. Challenges faced n agr culture, the decl n ng number of farmers able to address these 

ssues, and the ncrease n product on have made t harder to closely mon tor act v t es. As a result, the 

presence of dec s on support systems has become essent al (Par sa et al., 2021; Garg uolo et al., 2018). 

B ometr c data obta ned from l v ng organ sms, wh ch reveal d fferences between observat ons, are 

w dely used n dec s on support systems. A s gn f cant amount of b ometr c data s collected n var ous 

f elds such as agr culture, l vestock, health, and eng neer ng. V sual z ng th s data supports rap d and 

effect ve nformat on exchange among dec s on-makers and s gn f cantly enhances the eff c ency of 

these systems. 

Accord ngly, Ghazal  et al. (2022) emphas zed that the v sual zat on techn ques of dec s on support 

systems play an mportant role n fac l tat ng nformat on commun cat on between researchers and 

dec s on-makers. V sual dec s on support systems help to better understand complex and mult var ate 

mailto:figenyildiz@siirt.edu.tr
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data structures through v sual techn ques such as color codes, graph cs, and network maps. Th s prov des 

a new perspect ve n agr culture and l vestock. The techn que comb nes the process ng power of modern 

computers w th v sual capab l t es to better support analyses. Interact ve v sual zat ons make t eas er to 

understand d fferent data structures and volumes. They synthes ze the nformat on w th n data structures 

and make the analys s process more eff c ent. 

In agr culture, v sual zat on tools are h ghly benef c al n processes such as effect vely present ng 

forecasts n d fferent areas, track ng new products, manag ng pests, and apply ng rr gat on and 

fert l zers. Agr cultural v sual zat on tools play a cruc al role n support ng dec s on-mak ng processes 

n prec s on agr culture. Numerous stud es n the l terature have demonstrated the benef ts of 

v sual zat on n agr cultural pract ces, such as color cod ng, network mapp ng, and pest management 

(Htun et al., 2022). Accord ng to Meng and colleagues (2025), b ometr c data are personal and harmless. 

These b ometr c data can be d g tally recorded and processed us ng computer v s on techn ques. 

Consequently, although th s study does not d rectly use an mal structures, t a ms to nterpret b ometr c 

nd cators such as m lk qual ty data n a d g tal env ronment. 

MATERIAL AND METHODS 

Mater al 

In th s study, a mult var ate dataset related to m lk qual ty parameters was ut l zed. The dataset, obta ned 

from Kaggle.com, cons sts of a total of 1,059 observat ons, each represent ng an nd v dual m lk sample 

(Cpluzshr jayan, 2020). The dataset ncludes the follow ng var ables: pH ï the pH level of the m lk, 

Temperature (ÁC) ï the temperature of the sample, Taste ï taste evaluat on score (0 = bad, 1 = good), 

Odor ï odor evaluat on score (0 = bad, 1 = good), Fat (%) ï fat content, Turb d ty ï turb d ty score, 

Colour ï color scale value, and Grade ï overall qual ty class f cat on (Low, Med um, H gh). There are 

no m ss ng observat ons n the dataset. Therefore, no data preprocess ng was conducted to handle 

m ss ng values. 

Methods 

The Collect on of the Data 

Each row n the dataset represents a m lk sample, for wh ch phys cochem cal (pH, temperature, fat 

content, turb d ty, color) and sensory (taste, odor) propert es have been measured. In add t on, an overall 

qual ty assessment has been conducted for each sample, and th s evaluat on has been class f ed as a 

nom nal var able (Grade: Low, Med um, H gh). 

Stat st cal Analys s 

In th s study, var ous b ometr c data v sual zat on techn ques were appl ed to explore patterns n the 

dataset, dent fy, group, and nterpret qual ty classes. The methods used n th s study nclude: PCA B plot 

(Pr nc pal Component Analys s), wh ch v sual zes the relat onsh ps between var ables and the 

d str but on of samples n a reduced two-d mens onal space from the or g nal mult var ate space; 

Heatmap and Dendrogram, wh ch v sually represent the nfluence of var ables on samples through color 

ntens ty and group m lk samples w th s m lar character st cs; Radar Chart, wh ch enables comparat ve 

analys s of qual ty classes based on var ables; and Boxplot, wh ch compares the central tendency and 

d spers on character st cs of d str but ons across classes. In total, four methods were ut l zed. All 

analyses were conducted us ng R vers on 4.5.0, w th the help of popular R packages such as ggplot2, 

pheatmap, cluster, fmsb, and dplyr. Numer cal var ables were transformed nto a standard normal 

d str but on (z-score standard zat on) before analys s, wh le categor cal var ables were converted nto 

factor type (R Core Team, 2024). 
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RESULTS 

In th s study, a mult var ate m lk qual ty dataset was evaluated us ng b ometr c data v sual zat on 

techn ques. By explor ng the patterns w th n the dataset, the d st nct on between m lk qual ty classes 

was stat st cally demonstrated. 

1. Pr nc pal Component Analys s (PCA) 

As a result of the pr nc pal component analys s (PCA) appl ed to m lk qual ty parameters, t was 

determ ned that the f rst two pr nc pal components expla ned 45.6% of the var ance. Thus, the 

mult d mens onal dataset was summar zed and v sual zed n two d mens ons. 

F gure 1 presents the PCA B plot graph of the dataset. Upon exam n ng the graph, t s observed that 

the var ables Fat, Odor, Taste, and Colour have a negat ve nfluence along D m1, wh le Temperature and 

pH have a pos t ve nfluence along D m2. H gh-qual ty samples showed a strong correlat on w th the 

Fat, Odor, and Taste parameters. Med um-qual ty samples exh b ted a moderate correlat on w th Colour 

and pH. Low-qual ty samples demonstrated a pos t ve correlat on w th pH and Temperature parameters. 

In l ght of th s nformat on, t s ev dent that m lk qual ty classes exh b t d st nct patterns, and these 

d fferences can be clearly dent f ed through PCA analys s. 

 

F gure 1. B plot graph c of M lk Qual ty Parameters 

In Table 1, Pr nc pal Component Analys s (PCA) was appl ed to generate the b plot graph. Numer cal 

var ables were scaled us ng z-score standard zat on and reduced to two pr nc pal components us ng the 

prcomp() funct on. The result ng components were v sual zed w th a b plot graph us ng the 

fv z_pca_b plot() funct on. In the graph, both the samples (observat ons) and var ables are represented 

n a two-d mens onal plane. Qual ty classes are d st ngu shed by colors, and ell pses were added to better 

llustrate the d str but on of each class. The code was executed us ng R vers on 4.5.0 (R Core Team, 

2024) w th the help of the factoextra and ggplot2 packages. 
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Table 1. R Code for Generat ng a B plot Graph c of M lk Qual ty Parameters 

milk  <- read.csv  

head(milk) 

install.packages("factoextra") 

install.packages("ggplot2") 

library(factoextra) 

library(ggplot2) 

milk <- read.csv("C:/data/milknew.csv")  

milk$Grade <- as.factor(milk$Grade) 

num_data <- milk[, c("pH", "Temperature", "Taste", "Odor", "Fat", "Turbidity", "Colour")] 

scaled_data <- scale(num_data) 

pca_result <- prcomp(scaled_data, center = TRUE, scale. = TRUE) 

group <- milk$Grade 

p <- fviz_pca_biplot(pca_result, 

                     geom.ind = "point", 

                     col.ind = group,           

                     palette = "Set2", 

                     addEllipses = TRUE,     

                     label = "var",             

                     repel = TRUE, 

                     title = "PCA Biplot ï Milk quality grade") 

windows() 

print(p)   (R Core Team, 2024) 

2. Heatmap 

The heatmap created based on standard zed Z-scores of m lk qual ty parameters s shown n F gure 2. 

H erarch cal cluster ng was appl ed to both samples and var ables to reveal s m lar t es. 

The orange, green, and purple colored bands n F gure 2 nd cate the classes to wh ch the samples 

belong. Orange represents the low-qual ty class, purple nd cates the med um-qual ty class, and green 

corresponds to the h gh-qual ty class. From the f gure, t s observed that most of the low-qual ty group 

samples are clustered at the bottom of the heatmap. These samples have h gh scores n terms of pH and 

Temperature, but low scores n Fat, Odor, and Taste parameters. Add t onally, the heterogeneous 

clusterng structure of th s group suggests a h gh level of nternal var at on. Fat, Odor, and Taste 

parameters are observed to have h gh values n h gh-qual ty samples. The presence of dark blue colors 

n these parameters nd cates that th s qual ty group s d st nctly and cons stently separated. When 

exam n ng the med um-qual ty group samples, t s seen that they are spread over a w der area compared 

to both the low- and h gh-qual ty groups. An exam nat on of the var ables related to m lk qual ty 

parameters n the heatmap shows that they have an mpact on qual ty class f cat on. The var ables Fat, 

Taste, and Odor are not only h gh n h gh-qual ty samples but also cluster closely together, nd cat ng 

s m lar var ance values. Among the samples, these three var ables tend to ncrease and decrease together. 

From a model ng perspect ve, us ng these three var ables together enhances pred ct ve power. pH 

and Temperature cluster n a d fferent group and have h gh scores n low-qual ty classes. 
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F gure 2. The heatmap related to m lk qual ty parameters. 

The R code presented n Table 2 was used to standard ze the numer cal data related to m lk qual ty 

parameters and to v sual ze t through a heatmap. Us ng the pheatmap package, h erarch cal cluster ng 

was appl ed to both the samples (rows) and the var ables (columns), allow ng structural s m lar t es and 

d st nct ons among qual ty classes to be d splayed through color ntens ty. The code was mplemented 

n R vers on 4.5.0 (R Core Team, 2024). 

Table 2. R Code for Generat ng a Heatmap of M lk Qual ty Parameters 

install.packages("pheatmap")   

library(pheatmap) 

num_data <- milk[, c("pH", "Temperature", "Taste", "Odor", "Fat", "Turbidity", "Colour")] 

scaled_data <- scale(num_data)  

ē<-pheatmap(scaled_data, 

         cluster_rows = TRUE,     

         cluster_cols = TRUE, 

         show_rownames = FALSE, 

         show_colnames = TRUE, 

         main = "Heatmap graphic for milk quality parameters", 

         color = colorRampPalette(c("navy", "white", "firebrick3"))(50)) 

windows() 

print(ē)    (R Core Team, 2024) 

 

3. Radar chart 

Radar charts are an effect ve tool for compar ng d fferent classes on the same scale and for v sually 

represent ng mult d mens onal data. The chart features a c rcular ax s, around wh ch var ables are 

d splayed w thout the need for a f xed order. Th s allows structural d fferences between classes to be 

eas ly observed. Radar charts enable the s multaneous compar son of var ables w th n a s ngle graph. 

Moreover, they offer the ab l ty to summar ze h gh-d mens onal data w th n a compact v sual space. 

They are part cularly effect ve compared to trad t onal charts when a hol st c exam nat on of sm lar t es 

and d fferences between classes s requ red (Se de et al., 2022). 
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F gure 3. Radar chart for the milk quality dataset 

The R code presented n Table 3 was used to create a radar chart a med at compar ng the average 

values of m lk qual ty parameters across d fferent qual ty classes. The data was v sual zed us ng the 

fmsb package, and the averages of seven qual ty var ables (pH, Temperature, Turb d ty, Colour, Fat, 

Odor, Taste) were calculated for each qual ty class (H gh, Med um, Low). Then, the radarchart() funct on 

was employed to generate a mult d mens onal v sual prof le of the classes based on the var ables. The 

code was executed us ng R vers on 4.5.0 (R Core Team, 2024) and the fmsb package. 

Table 3. R Code for Generat ng a radar graph cs of M lk Qual ty Parameters 

install.packages("fmsb") 

library(fmsb) 

milk <- read.csv("C:/data/milknew.csv")   

head(milk) 

radar_data <- aggregate(cbind(pH, Temperature, Turbidity, Colour, Fat, Odor, Taste) ~ Grade, 

data = milk, FUN = mean) 

rownames(radar_data) <- radar_data$Grade 

radar_data$Grade <- NULL 

max_values <- apply(radar_data, 2, max) 

min_values <- apply(radar_data, 2, min) 

radar_plot_data <- rbind(max_values, min_values, radar_data) 

radarchart(radar_plot_data, 

           axistype = 1, 

           pcol = c("red", "blue", "green"),  

           pfcol = c(rgb(1,0,0,0.2), rgb(0,0,1,0.2), rgb(0,1,0,0.2)),   

           plwd = 2, cglcol = "grey", cglty = 1, axislabcol = "black", 

           vlcex = 0.9 

) 

legend("topright", legend = rownames(radar_data), col = c("red", "blue", "green"), 

       lty = 1, lwd = 2, bty = "n")  (R Core Team, 2024) 

 

F gure 3 presents a radar chart dep ct ng the m lk qual ty parameters. Th s chart enables the 

compar son of qual ty classes (H gh, Med um, Low) n terms of qual ty parameters. It s constructed 

based on the average values of each qual ty class, wh ch are dsplayed after be ng normal zed accord ng 
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to the standard Z-scores. On the r ght s de of the chart, the qual ty classes are nd cated us ng four 

d fferent colors. In th s chart, red represents the h gh-qual ty class, wh le the green l ne denotes the 

med um-qual ty class. The h gh-qual ty class exh b ts the hghest values for the var ables Taste, Odor, 

Fat, and Colour, suggest ng that these m lk samples possess super or prof les n terms of taste, smell, fat 

content, and color. Conversely, m lk samples n the low-qual ty class have h gh values n Temperature, 

Turb d ty, and Colour. The elevated Temperature and Turb d ty nd cate that th s group s def ned by 

negat ve qual ty parameters. The med um-qual ty class d splays ntermed ate values across all var ables 

and presents a balanced d str but on. Th s suggests that the med um class serves as a trans t onal group 

between the two extremes. 

Radar charts clearly llustrate the d st nct on among qual ty classes based on m lk qual ty parameters. 

Spec f cally, Taste, Odor, and Fat stand out as key nd cators n d st ngu sh ng the h gh-qual ty class. 

Meanwh le, parameters such as Temperature, pH, and Turb d ty are nd cat ve of the low-qual ty class. 

Th s mult d mens onal v sual zat on allows d fferences between classes to be d scerned not only 

numer cally but also v sually. Add t onally, the chart contr butes to dent fy ng mean ngful patterns that 

can be used n pred ct ve models. Such mult var ate v sual zat ons serve a prel m nary role, part cularly 

n evaluat ng var able select on and class separat on power for mach ne learn ng-based class f cat on 

models. 

Radar charts are part cularly effect ve tools for v sual z ng and nterpret ng nter-class patterns n 

mult var ate data (Joll ffe & Cad ma, 2016; Se de et al., 2022). These charts reveal the overall structure 

of classes at a glance, fac l tat ng pattern recogn t on. The radar chart used n ths study, alongs de other 

mult var ate v sual zat on techn ques such as b plots, boxplots, and heatmaps, offers d verse perspect ves 

on the same dataset, support ng dec s on-mak ng systems. S m larly, the concept of ntegrat ng mult ple 

data sources proposed by Javad  and Far na (2020) n the context of s gnal process ng and data fus on 

n radar networks s real zed n th s study through the jo nt nterpretat on of d fferent graph cal 

representat ons. 

Radar systems emphas ze sensor management and knowledge-dr ven nference mechan sms for 

eff c ent ut l zat on of l m ted resources (Javad  & Far na, 2020). L kew se, the s multaneous use of 

var ous graph cal summar es n th s study a ms to extract max mum nformat on from l m ted 

observat ons and prov de dec s on-makers w th enhanced v sual ns ght. The radar chart effect vely 

v sual zes the structural d fferences among qual ty classes based on var ables. To further support these 

f nd ngs and explore var able d str but ons n more deta l, boxplots dep ct ng the parametr c d str but on 

by qual ty class were also ut l zed. 

1. Boxplot 

The chart v sual zes the d str but ons of seven d fferent qual ty parameters (Colour, Fat, Odor, pH, Taste, 

Temperature, Turb d ty) across m lk qual ty classes (h gh, med um, low) us ng boxplots. It prov des a 

comparat ve presentat on of how each var able's values are d str buted among the qual ty classes. F gure 

4 d splays the boxplot chart of the m lk qual ty parameters. 

Upon exam n ng F gure 4, the Colour parameter s h gher n the h gh-qual ty class, wh le t s lower 

n the low and med um classes. The Fat content appears to be s m lar across all classes, show ng no 

s gn f cant d st ngu sh ng d fferences. The Odor var able s elevated n the low-qual ty class but rema ns 

lower n the other classes. The pH level s h gher n the low-qual ty class compared to the other qual ty 

classes. The Taste parameter s cons stent across all classes, w th no observable d st nct ve d fferences. 

Temperature s notably h gher n the low-qual ty class. Turb d ty shows h gh levels n both the low and 

h gh-qual ty classes, whereas t s s gn f cantly lower n the med um-qual ty class. 
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The chart llustrates that the low-qual ty group tends to have h gher values n terms of pH, 

temperature, and odor, wh le the h gh-qual ty group d splays a more homogeneous and cons stent 

d str but on n terms of color, taste, and fat. The med um-qual ty class, on the other hand, occup es 

ntermed ate values for many var ables, serv ng as a trans t onal category. 

 

 

F gure 4. Boxplot graph c for m lk qual ty parameters 

The R code prov ded n Table 4 generates boxplots to v sually compare the d str but on of var ables 

n the m lk qual ty dataset across qual ty classes (H gh, Med um, Low). The code was mplemented 

us ng R vers on 4.5.0 (R Core Team, 2024) along w th the ggplot2 and t dyr l brar es. 

Table 4. R Code for Generat ng a Boxplot Graph c of M lk Qual ty Parameters 

# install.packages("ggplot2") 

library(ggplot2) 

milk <- read.csv("C:/data/milknew.csv")   

library(tidyr) 

milk_long <- pivot_longer(milk, 

                          cols = c(pH, Temperature, Turbidity, Colour, Fat, Odor, Taste), 

                          names_to = "Parameter", 

                          values_to = "Value") 

ggplot(milk_long, aes(x = Grade, y = Value, fill = Grade)) + 

  geom_boxplot(alpha = 0.7, outlier.color = "red", outlier.size = 1.5) + 

  facet_wrap(~Parameter, scales = "free", ncol = 3) + 

  labs(title = "Boxplot for milk quality parameters", 

       x = "Grade", y = "Value") + 

  theme_minimal() + 

  theme(legend.position = "none", 

        strip.text = element_text(size = 12, face = "bold"), 

        plot.title = element_text(hjust = 0.5, size = 14, face = "bold"))  (R Core Team, 2024) 
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DISCUSSION AND CONCLUSION 

In th s study, var ous b ometr c v sual zat on techn ques such as radar charts, b plots, boxplots, and 

heatmaps were used to enable a comprehens ve analys s of m lk qual ty data. The select on of these 

techn ques s supported by l terature f nd ngs suggest ng that they enhance usersô ab l ty to perce ve 

cluster structures more effect vely (Ventoc lla and R ve ro, 2020). 

Wh le the radar chart clar f es v sual d st nct ons among qual ty classes, the heatmap successfully 

h ghl ghts w th n-class var at ons. The results al gn w th PCA and h erarch cal cluster ng analyses, 

nd cat ng that the qual ty classes separate n harmony w th the natural patterns w th n the data. Notably, 

the var ables Fat, Odor, and Taste serve as the most d st nct ve parameters for dent fy ng the h gh-

qual ty class, wh le pH and Temperature are strongly assoc ated w th low qual ty. The med um-qual ty 

class exh b ts a hybr d structure, funct on ng as a trans t on between low and h gh-qual ty groups. 

These f nd ngs show that b ometr c v sual zat on methods not only contr bute to data analys s but also 

funct on as effect ve tools that can be ntegrated w th class f cat on algor thms and dec s on support 

systems. Add t onally, they strengthen the flow of nformat on by offer ng clear, understandable, and 

nterpretable analys s outputs to users. 

In l ght of these f nd ngs, future da ry process ng fac l t es and qual ty control laborator es could 

develop rap d evaluat on systems based on such v sual analyses. V sual zat on outputs of th s k nd can 

be used n mach ne learn ng models to enhance model expla nab l ty and ncrease user trust. These 

approaches can be ncorporated nto mob le agr cultural appl cat ons or web-based dec s on support 

systems to prov de s mpl f ed dec s on-mak ng support for farmers. 

Test ng s m lar mult var ate v sual zat on techn ques on d fferent an mal-based products (e.g., meat, 

eggs, da ry der vat ves) would mprove the general zab l ty of the method. New d mens onal ty 

reduct on techn ques could be comparat vely evaluated aga nst trad t onal methods. V sual z ng 

uncerta nt es (e.g., conf dence ntervals, fuzzy class f cat on) would enhance the robustness of dec s on 

support systems. 

In conclus on, b ometr c v sual zat on techn ques have the potent al not only to serve as analyt cal 

tools but also as ntegral components of educat onal, operat onal, and strateg c dec s on-mak ng 

processes.. 
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¥zet 

Eĵ t mde yēllardēr s¿regelen geleneksel yaklaĸēmlar, ­oĵu zaman ºĵrenc  baĸarēsēnē sēnav puanlarē ve 

hazērbulunuĸluk d¿zeyler yle sēnērlē ­er­evelerde deĵerlend rm ĸt r. Ancak g¿n¿m¿zde hem sēnēf ­  

gºzlemler hem de d j tal ºĵrenme platformlarē sayes nde elde ed len ver  ­eĸ tl l ĵ , artēk ºĵretmenler n 

sadece ñne ºĵret ld ĵ òne deĵ l, ñºĵrenc n n nasēl ºĵrend ĵ òne da r daha der n b r farkēndalēk 

gel ĸt rmes n  gerekt r yor. Bu ­alēĸma, b¿y¿k ver  ve ver  madenc l ĵ  g b  ara­larla bu farkēndalēĵēn 

nasēl s stemat k b r ­gºr¿ye dºn¿ĸt¿r¿leb leceĵ n  kuramsal b r ­er­eve ­ nde tartēĸmayē 

ama­lamaktadēr. 

Geleneksel yºntemler n ºneml  b r kēsētē, ºĵrenc n n b reysel ºĵrenme s¿rec ne da r d nam kler  gºz ardē 

etmes  ve ºĵret m s¿rec n  genellemeler ¿zer nden ĸek llend rmes d r. Oysa ­gºr¿ ded ĵ m z ĸey, sadece 

ver  anal z nden ­ēkan sonu­lar deĵ l, aynē zamanda nsan davranēĸlarēnē, duygularēnē ve karar alma 

mekan zmalarēnē anlamlandērmaya yºnel k der nlemes ne b r kavrayēĸtēr. Ps koloj k araĸtērmalar, 

b rey n kend  ºĵrenme s¿rec ne da r farkēndalēk kazandēk­a mot vasyonunun ve ºĵrenme kal tes n n 

arttēĵēnē gºstermekted r. Bu durum, eĵ t mde ­gºr¿ ¿ret m n n yalnēzca tekn k b r kazanēm deĵ l, aynē 

zamanda pedagoj k b r zorunluluk olduĵunu ortaya koymaktadēr. 

Bu baĵlamda, ºĵretmen n rol¿ de dºn¿ĸmekted r. Ķ­gºr¿ temell  b r eĵ t m anlayēĸēnda ºĵretmen n 

yalnēzca b lg  aktarēcē deĵ l, ver y  anlamlandērab len, ºĵrenc  davranēĸlarēnē yorumlayab len ve 

b reysel farklēlēklara gºre stratej  gel ĸt reb len b r rehber olmasē beklen r. Bu da ºĵretmen 

yeterl l kler n n ver  okuryazarlēĵē, d j tal anal z ve et k deĵerlend rme g b  yen  boyutlarla yen den 

tanēmlanmasēnē gerekt r r. 

Sonu­ olarak bu b ld r , b¿y¿k ver  ve ver  madenc l ĵ n n sunduĵu tekn k mk©nlarēn eĵ t m 

s stemler nde y¿zeysel anal zler n ºtes ne ge­erek nasēl anlamlē ­gºr¿lere dºn¿ĸt¿r¿leb leceĵ n  

tartēĸmakta; bu dºn¿ĸ¿m¿n hem ºĵrenc  baĸarēsē hem de ºĵretmen yeterl l ĵ  a­ēsēndan nasēl b r 

parad gma deĵ ĸ m ne ĸaret ett ĵ n  kuramsal b r bakēĸ a­ēsēyla ortaya koymaktadēr. 

Anahtar Kel meler: Ķ­gºr¿ tabanlē eĵ t m, ¥ĵretmen yeterl l kler , B¿y¿k ver , Ver  madenc l ĵ 

1. GĶRĶķ 

21. y¿zyēlda eĵ t m n en bel rg n ºzell ĵ , b lg y  ezberlemekten z yade b lg den anlam ­ēkarab lme, yan  

­gºr¿ ¿reteb lme becer s d r. Ķ­gºr¿, sadece gºzlem ya da ver ye dayalē b r anlayēĸ deĵ l; aynē zamanda 

eĵ t m s¿re­ler ne da r karmaĸēk ºr¿nt¿ler  fark edeb lme ve geleceĵe da r anlamlē ­ēkarēmlarda 

bulunab lme yet s d r (S emens, 2005). Bu baĵlamda, eĵ t mde ­gºr¿ ¿ret m , b reysel ºĵrenmey  

der nleĸt ren ve kurumsal gel ĸ m  yºnlend ren temel b r d namk hal ne gelm ĸt r. 
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Geleneksel eĵ t m parad gmalarē, genell kle ºĵretmen n b lg  aktarēcē rol¿ne odaklanmakta, 

ºĵrenc y  se pas f b lg  alēcēsē konumuna yerleĸt rmekted r (Fre re, 1970). Oysa, d j tal ­aĵēn 

gereks n mler , ºĵrenmen n ­ok daha etk leĸ ml , k ĸ selleĸt r lm ĸ ve ver ye dayalē b r ĸek lde 

yapēlandērēlmasēnē zorunlu kēlmaktadēr. Bu dºn¿ĸ¿m¿n merkez nde b¿y¿k ver  (b g data) ve ver  

madenc l ĵ  (data m n ng) kavramlarē yer almaktadēr. Eĵ t m ortamlarēnda ¿ret len d j tal ver ler n anal z 

ed lmes yle, hem ºĵrenc  baĸarēsē hem de ºĵret m tasarēmē a­ēsēndan anlamlē ­gºr¿ler 

gel ĸt r leb lmekted r (B enkowsk , Feng & Means, 2012). 

Ancak bu teknoloj k ara­larēn etk l  kullanēlab lmes , yalnēzca tekn k yeterl l kle deĵ l, aynē zamanda 

saĵlam b r kuramsal ­er­eve le m¿mk¿nd¿r. Bug¿ne dek yapēlan b r­ok ­alēĸmada, ver  madenc l ĵ n n 

eĵ t msel baĵlamda kullanēmē, ­oĵunlukla stat st ksel baĸarē tahm nler yle sēnērlē kalmēĸtēr (Romero & 

Ventura, 2020). Oysa, ver den ­gºr¿ye ge­ ĸ ­ n, eĵ t m parad gmasēnēn da yapēsal olarak yen den 

d¿ĸ¿n¿lmes  gerekmekted r. Bu ­alēĸma, sºz konusu yen den yapēlanmayē kuramsal d¿zlemde ele 

almayē ama­lamaktadēr. 

Aĸaĵēda ver len Tablo 1, eĵ t mde ver  akēĸēnēn geleneksel ve ­aĵdaĸ yaklaĸēmlardak  yer n  

gºrselleĸt rmekted r: 

Tablo 1. Geleneksel ve Ver  Tabanlē Eĵ t m Parad gmalarēnēn Karĸēlaĸtērēlmasē 

Paradigma Bilgi kaynaĵē ¥ĵretmen rol¿ ¥ĵrenci rol¿ Ķ­gºr¿ kaynaĵē 

Geleneksel Kitap/ ¥ĵretmen Bilgi aktarēcē Pasif alēcē Gºzleme dayalē 

Veri tabanlē 
Dijital ºĵrenme 

verisi 
Analist/ Rehber Aktif katēlēmcē 

Algoritmik/ 

Kavramsal 

 

Bu ­alēĸmada, ºncel kle eĵ t mde ­gºr¿ ¿ret m n n kuramsal temeller  ncelenecek, ardēndan b¿y¿k 

ver  ve ver  madenc l ĵ  ara­larēnēn bu s¿rec  nasēl dºn¿ĸt¿rd¿ĵ¿ ortaya konacaktēr. Son olarak, mevcut 

eĵ t m parad gmalarēnēn sēnērlarē tartēĸēlarak, ver  temell  ­gºr¿ ¿ret m n  merkeze alan alternat f b r 

kuramsal yen den yapēlandērma ºner lecekt r. 

2. KURAMSAL ARKA PLAN VE LĶTERAT¦R TARAMASI 

Eĵ t mde ­gºr¿ ¿ret m , sadece b l ĸsel s¿re­lerle a­ēklanamayacak kadar ­ok katmanlē ve s stem k b r 

yapēya sah pt r. Ķ­gºr¿, klas k b lg  ed nme s¿re­ler nden farklē olarak, b rey n yen  durumlarla 

karĸēlaĸtēĵēnda mevcut b lg  yapēlarēnē dºn¿ĸt¿rmes n  saĵlayan b r b l ĸsel yen den yapēlanma s¿rec d r 

(Sternberg, 1985). Bu baĵlamda, eĵ t mde ­gºr¿ ¿ret m n n temellend r leceĵ  kuramsal ­er­eveler, 

b l ĸsel ps koloj , yapēlandērmacē ºĵrenme kuramē ve baĵlantēcēlēk (connect v sm) g b  ­aĵdaĸ 

yaklaĸēmlarē ­ermel d r. 

¥ncel kle, yapēlandērmacē ºĵrenme kuramē, b rey n b lg y  pas f olarak almak yer ne, akt f olarak 

yapēlandērdēĵēnē savunur. P aget (1970) ve Vygotsky (1978) g b  kuramcēlarēn ºnc¿l¿ĵ¿nde gel ĸen bu 

yaklaĸēm, ºĵrenmen n b rey n deney mler  ¿zer nden nĸa ed ld ĵ n  ºne s¿rer. Vygotskyôn n ñyakēnsal 

gel ĸ m alanēò kavramē, ºzell kle ver yle zeng nleĸen ºĵrenme ortamlarēnda ºĵrenc ye uygun rehberl k 

saĵlandēĵēnda ­gºr¿ ¿ret m n n nasēl tet kleneb leceĵ n  gºstermekted r. 

Bununla b rl kte, d j tal ­aĵda ºĵrenme s¿re­ler n  anlamak ­ n baĵlantēcēlēk kuramē ºneml  b r 

kuramsal temel sunar. S emens (2005) tarafēndan gel ĸt r len bu kuram, b lg n n artēk b reysel hafēzada 
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deĵ l, aĵlar ve ver  s stemler  aracēlēĵēyla er ĸ len b r yapēda olduĵunu savunur. Bu baĵlamda, ­gºr¿ 

¿ret m , ver ler arasēnda baĵlantē kurma ve ºr¿nt¿ler  tanēma becer s yle doĵrudan l ĸk l d r. 

Aĸaĵēda ver len ķek l 1, eĵ t mde ­gºr¿ ¿ret m n  etk leyen baĸlēca kuramsal alanlarē ve ver yle olan 

etk leĸ mler n  ºzetlemekted r: 

 

B l ĸsel Ps koloj 

 

 

   Yapēlandērmacē ¥ĵrenme Kuramē   Baĵlantēcēlēk 

 

 

Ver  Tabanlē ¥ĵrenme 

 

 

Ķ­gºr¿ ¦ret m 

ķek l 1. Eĵ t mde Ķ­gºr¿ ¦ret m n  ķek llend ren Kuramsal Temeller 

Ver  madenc l ĵ  tekn kler n n eĵ t m ortamlarēna entegrasyonu se, bu kuramsal ­er­evelerle b rl kte 

anlam kazanēr. Romero ve Ventura (2020), eĵ t msel ver  madenc l ĵ  alanēndak  uygulamalarēn yalnēzca 

tahm nleme modeller ne odaklanmamasē gerekt ĵ n , aynē zamanda ºĵrenme s¿re­ler n n der nlemes ne 

anlaĸēlmasē ­ n yorumlayēcē modeller n de gel ĸt r lmes  gerekt ĵ n  vurgular.  

Bununla b rl kte, aĸaĵēdak  gºrsel, eĵ t msel ver  madenc l ĵ  ve ºĵrenme anal t ĵ  (EDM/LA) 

s¿re­ler n n ĸley ĸ n , ver n n nasēl ¿ret ld ĵ n  ve hang  aktºrler tarafēndan nasēl kullanēldēĵēnē detaylē 

b ­ mde ºzetlemekted r. Bu yapē, ºner len kuramsal model n ĸlemes n  m¿mk¿n kēlan temel 

mekan zmalarē da tems l etmekted r. 
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ķek l 2. Eĵ t msel ver  ¿ret m , ĸlenmes  ve b lg ye dºn¿ĸ¿m s¿rec n n genel akēĸē. (Romero, C., & 

Ventura, S., 2020 ) 

Benzer ĸek lde, Baker ve Inventado (2014), ­gºr¿ ¿ret m n  m¿mk¿n kēlan ºĵrenme anal t ĵ  

modeller n n, eĵ tsel karar mekan zmalarēnē dºn¿ĸt¿rd¿ĵ¿n¿ fade etmekted r. 

Aĸaĵēda ver len Tablo 2, l terat¿rde ºne ­ēkan ver  madenc l ĵ  yaklaĸēmlarēnē ve ­gºr¿ ¿ret m yle 

olan l ĸk ler n  ºzetlemekted r: 

 

Tablo 2. Ver  Madenc l ĵ  Yºntemler n n Ķ­gºr¿ ¦ret m ne Katkēsē 

Yºntem Temel kullanēm alanē Ķ­gºr¿ye katkēsē 

K¿melenme (Clustering) ¥ĵrenci profillemesi ¥r¿nt¿ Tespiti 

Sēnēflandērma (Classification) Baĸarē tahmini Riskli gruplarēn belirlenmesi 

Regresyon Not tahmini, s¿re analizi 
¥ĵrenme davranēĸlarēnēn 

zamanla analizi 

Metin madenciliĵi A­ēk u­lu yanētlarēn analizi Kavramsal anlayēĸēn izlenmesi 

 

Ķ­gºr¿ kavramē, sadece eĵ t mde deĵ l; pazarlama, reklamcēlēk ve davranēĸsal kna g b  alanlarda da 

etk l  b ­ mde kullanēlmaktadēr. ¥zell kle t¿ket c  davranēĸlarēnē anlamaya ve dºn¿ĸt¿rmeye yºnel k 

stratej lerde, ­gºr¿ler duygusal baĵ kurma, farkēndalēk yaratma ve uzun s¿rel  marka sadakat  oluĸturma 

amacēyla ºne ­ēkmaktadēr (Duncan & Mor arty, 1998). ¥rneĵ n, Doveôun ñGer­ek G¿zell kò 

kampanyasē, kadēnlarēn toplumsal g¿zell k algēsēyla kurduĵu duygusal l ĸk y  hedef alarak, marka 

mesajēnē toplumsal b r ­gºr¿ye yaslamēĸtēr. Benzer ĸek lde, OMOônun ñK rlenmek G¿zeld rò sloganē, 

­ocuklarēn ºzg¿rce oynama hakkē ¿zer nden ebeveynlerle baĵ kurarken; Dar¿ĸĸafakaônēn ñOlmasa da 
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Olurò kampanyasē, baĵēĸ­ēlarēn t¿ket m alēĸkanlēklarēyla v cdan  sorumluluklarēnē buluĸturan g¿­l¿ b r 

­gºr¿y¿ kullanmaktadēr. Bu ºrnekler, ­gºr¿n¿n sadece b lg ye deĵ l, der n nsanlēk hal ne da r b r 

anlayēĸa dayandēĵēnē ve bu yºn¿yle eĵ t m n de temel yapē taĸlarēndan b r  olab leceĵ n  gºstermekted r. 

Bu bulgular doĵrultusunda, ­gºr¿ ¿ret m  yalnēzca b reysel b r z h nsel s¿re­ deĵ l, aynē zamanda 

ver ye dayalē, ­ok boyutlu ve kuramsal olarak desteklenm ĸ b r yen den yapēlanma s¿rec olarak 

deĵerlend r lmel d r. Bu da eĵ t mde yen  b r parad gmanēn nĸasēnē zorunlu kēlmaktadēr. 

3. KURAMSAL YAKLAķIM VE MODEL ¥NERĶSĶ 

Eĵ t mde ­gºr¿ ¿ret m n  merkeze alan kuramsal yen den yapēlandērma, yalnēzca pedagoj k lkelerle 

deĵ l; aynē zamanda ver n n anlamlandērēlmasē s¿rec ne da r s stem k b r anlayēĸla nĸa ed lmel d r. Bu 

baĵlamda, ºner len yaklaĸēm ¿­ temel eksen ¿zer ne oturtulmaktadēr: (1) B l ĸsel Ķnĸa, (2) Ver  Tabanlē 

Gºzlem ve (3) S stem k Yorumlama. Bu eksenler, b rl kte ĸled ĵ nde, hem ºĵrenc  merkezl  hem de 

ver yle beslenen b r ­gºr¿ ekos stem  oluĸturur. 

3.1. BĶLĶķSEL ĶNķA 

B l ĸsel kuramlar, ºzell kle yapēlandērmacē ºĵrenme ve yakēnsak gel ĸ m model , b rey n b lg y  

­evres yle etk leĸ me g rerek dºn¿ĸt¿rd¿ĵ¿n¿ savunur (Bruner, 1996; Vygotsky, 1978). Bu baĵlamda 

­gºr¿, ºĵrenen n daha ºncek  b lg  ºr¿nt¿ler n  yen den ºrg¿tlemes yle oluĸur. Bu s¿rec n 

tet kleneb lmes  ­ n, ºĵrenme ortamlarēnēn esnek, ver yle zeng nleĸt r lm ĸ ve anlamlandērmaya a­ēk 

olmasē gerek r. 

 

 

3.2. VERĶTABANLI G¥ZLEM 

B l ĸsel s¿re­ler n yalnēzca gºzleme ya da sēnavlara dayalē deĵ l, d j tal zler (log kayētlarē, yanēt s¿reler , 

kaynak kullanēmē g b ) ¿zer nden anal z ed lmes , ºĵrenme davranēĸlarēnē ­ok katmanlē ĸek lde 

deĵerlend rmey  m¿mk¿n kēlar (S emens & Long, 2011). Bu anal zler, ver  madenc l ĵ  ve ºĵrenme 

anal t ĵ  tekn kler yle desteklend ĵ nde, yalnēzca ney n ºĵren ld ĵ  deĵ l, nasēl ºĵren ld ĵ  ve ne zaman 

­gºr¿ye dºn¿ĸt¿ĵ¿ de zleneb l r h©le gel r (Clow, 2013). 

3.3. SĶSTEMĶK YORUMLAMA 

Ver  anal z n n anlamlē ­gºr¿lere dºn¿ĸmes , yorumlama s¿rec n n pedagoj k, et k ve sosyal 

baĵlamlarla b rl kte deĵerlend r lmes yle m¿mk¿nd¿r. Salt ver  odaklē kararlar, ºĵrenme s¿rec n  

nd rgemec  kēlab l r. Bu nedenle ºner len model, yorumlama s¿re­ler n n ­ok d s pl nl  ve ­ok katmanlē 

b r yapē ­er s nde ele alēnmasēnē savunur (Buck ngham Shum & Ferguson, 2012). 

 

3.4. MODELĶN G¥RSEL TEMSĶLĶ 

Aĸaĵēda sunulan model, ­gºr¿ ¿ret m n  merkezde konumlandērmakta ve ¿­ temel b leĸen n etk leĸ ml  

yapēsēnē yansētmaktadēr: 

 

 

 

 

 

 

 

ķek l 3. Eĵ t mde Ķ­gºr¿ ¦ret m ne Dayalē Kuramsal Model 

B l ĸsel Ķnĸa 

Ķ­gºr¿ ¦ret m 

S stem k Yorumlama Ver  Gºzlemleme 
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Bu model n ºne ­ēkardēĵē nokta, ­gºr¿n¿n ne yalnēzca b reysel ne de yalnēzca algor tm k b r ­ēktē 

olmadēĵē; aks ne b l ĸsel s¿re­ler le ver  anal t ĵ  arasēndak  etk leĸ mden doĵan d nam k b r yapē 

olduĵudur. ¥ĵret m tasarēmcēlarē, pol t ka yapēcēlar ve araĸtērmacēlar a­ēsēndan bu model, ­gºr¿ odaklē 

b r eĵ t m s stem  tasarēmē ­ n referans ­er­eves  sunmaktadēr. 

4. TARTIķMA VE DEĴERLENDĶRME 

¥ner len kuramsal model, ­gºr¿ ¿ret m n  eĵ t m s stem n n merkez ne yerleĸt rerek, geleneksel b lg  

aktarēcē yaklaĸēmē sorgulamakta ve ver  destekl , b l ĸsel der nl ĵ  olan b r ºĵrenme anlayēĸēnē 

savunmaktadēr. Bu yºn¿yle model, klas k eĵ t m parad gmalarēndan ºneml  ºl­¿de ayrēlmaktadēr. 

¥zell kle ºĵretmen-ºĵrenc  l ĸk s nde gºzlemlenen otor te merkezl  yapē, bu modelde yer n  ver ye 

dayalē rehberl k ve katēlēmcē ºĵrenme d nam kler ne bērakmaktadēr. 

S emens (2005) tarafēndan gel ĸt r len baĵlantēcēlēk kuramē da benzer b ­ mde, ºĵrenmen n artēk 

b rey n z h nsel kapas tes ne deĵ l, aĵlar ¿zer nden er ĸ len b lg ye baĵlē olduĵunu savunur. Ancak 

baĵlantēcēlēk kuramē ­oĵunlukla b lg ye er ĸ m yollarēna odaklanērken, bu ­alēĸmada ºner len model, 

b lg n n z h nde nasēl yapēlandēĵē ve ver yle nasēl yen den ¿ret ld ĵ ne da r daha b¿t¿nc¿l b r yaklaĸēm 

sunmaktadēr. 

Baker ve Inventado (2014), ºĵrenme anal t ĵ  uygulamalarēnēn ­oĵunlukla baĸarē tahm n  ve r skl  

ºĵrenc  tesp t  g b  yansal (react ve) kullanēm alanlarēna odaklandēĵēnē fade etmekted r. Bu durum, 

ver ye dayalē s stemler n potans yel n  sēnērlamaktadēr. Bu baĵlamda, ºner len model n temel 

katkēlarēndan b r , ºĵrenme ver ler n n yalnēzca ºl­¿m ve denet m ama­lē deĵ l, aynē zamanda b l ĸsel 

gel ĸ m  yºnlend ren ­gºr¿ler ¿retme amacēyla kullanēlab leceĵ n  gºstermes d r. 

Ancak bu model n uygulanab l rl ĵ  bazē koĸullara baĵlēdēr. Ķlk olarak, okullarda ver  okuryazarlēĵē 

sev yes n n artērēlmasē gerekl d r. ¥ĵretmenler n yalnēzca pedagoj k deĵ l, aynē zamanda temel ver  

anal z  ve yorumlama becer ler ne de sah p olmasē beklenmekted r (W ll amson, 2017). Ķk nc s , ­gºr¿ 

¿ret m n  destekleyecek d j tal altyapēlar ve et k ver  pol t kalarē gel ĸt r lmel ; ºĵrenc  mahrem yet  ve 

ver  g¿venl ĵ  ºn planda tutulmalēdēr (Slade & Pr nsloo, 2013). 

Aĸaĵēdak  tablo, ºner len model n geleneksel ºĵret m anlayēĸē ve mevcut ver  tabanlē modellerle 

karĸēlaĸtērmalē olarak g¿­l¿ ve sēnērlē yºnler n  ºzetlemekted r: 

Tablo 3. ¥ner len Model n D ĵer Yaklaĸēmlarla Karĸēlaĸtērmalē Deĵerlend rmes 

Kriter Geleneksel Model 
¥ĵrenme Analitiĵi 

(mevcut) 

¥nerilen Ķ­gºr¿ 

Modeli 

¥ĵrenen rol¿ Pasif Tepkisel Aktif - Yorumlayēcē 

Veri kullanēmē Yok Tanēsal-Tahminsel Yorumlayēcē- ¦retici 

Kuramsal dayanak Davranēĸ­ēlēk Biliĸsel+ Nicel 
Yapēlandērmacēlēk+ 

Sistemik 

Ķ­gºr¿ ¿retimi Gºzleme Dayalē Otomatik ­ēkarēm Kavramsal- Anlamlē 

Uygulama sēnērlēlēklarē Pedagojik Dogmalar Teknik yetersizlik 
Veri okuryazarlēĵē- 

Etik 
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Sonu­ olarak, bu model n baĸarēyla uygulanab lmes  hem teknoloj k altyapēnēn hem de nsan 

kaynaĵēnēn bu dºn¿ĸ¿me hazēr olmasēna baĵlēdēr. Ķ­gºr¿ odaklē b r yaklaĸēm, sadece s stemler  deĵ l, 

aynē zamanda eĵ t mc ler n d¿ĸ¿nme b ­ m n  de dºn¿ĸt¿rmey  gerekt r r. Bu noktada, ver yle ĸek llenen 

yen  eĵ t m parad gmalarēnēn hem teknoloj k hem de felsef  b r yen den yapēlanmayē zorunlu kēldēĵē 

sºyleneb l r. 

5. SONU¢ VE ¥NERĶLER 

Bu ­alēĸma, eĵ t mde ­gºr¿ ¿ret m n  ver  temell  ºĵrenme ortamlarēyla l ĸk lend ren ºzg¿n b r 

kuramsal model ºnerm ĸt r. G r ĸ bºl¿m¿nde vurgulandēĵē ¿zere, d j talleĸen ºĵrenme ortamlarē, 

yalnēzca b lg ye er ĸ m  deĵ l; bu b lg den anlam ¿ret m n  de merkez´ b r becer  hal ne get rm ĸt r. Bu 

baĵlamda, ­gºr¿ ¿ret m ; b l ĸsel nĸa s¿re­ler , ver  gºzlem  ve s stem k yorumlamanēn etk leĸ ml  

yapēsēnda ortaya ­ēkan, ­ok boyutlu b r ºĵrenme ­ēktēsē olarak ele alēnmēĸtēr. 

Kuramsal arka planda yapēlandērmacē ºĵrenme, baĵlantēcēlēk ve ver  okuryazarlēĵē g b  temel 

kavramlar ¿zer nden model n dayandēĵē ­er­eve ortaya konmuĸ; ardēndan bu model n, geleneksel eĵ t m 

parad gmalarēna alternat f oluĸturacak b ­ mde nasēl yapēlandēĵē ĸek l ve tablolarla gºrselleĸt r lm ĸt r. 

Tartēĸma bºl¿m¿nde se, mevcut ver  anal t ĵ  uygulamalarēyla karĸēlaĸtērmalē anal z yapēlmēĸ, ºner len 

model n g¿­l¿ yºnler  ve sēnērlēlēklarē somut b ­ mde deĵerlend r lm ĸt r. 

Bu doĵrultuda aĸaĵēdak  ºner ler hem pol t ka gel ĸt r c ler hem de uygulayēcēlar ­ n yol gºster c  

n tel kted r: 

5.1. UYGULAYICILAR Ķ¢ĶN ¥NERĶLER 

¶ ¥ĵretmen eĵ t m  programlarēnda ver  okuryazarlēĵē ve temel ºĵrenme anal t ĵ  becer ler  yer 

almalēdēr. ¥ĵretmenler n, ºĵrenc ler n davranēĸsal ver ler n  sadece raporlama amacēyla deĵ l, 

pedagoj k kararlar almak ­ n kullanab lmeler  desteklenmel d r (W ll amson, 2017). 

¶ Ķ­gºr¿ ¿ret m n  teĸv k eden ºĵrenme ortamlarē tasarlanmalēdēr. Bu ortamlar; ºĵrenc n n anlam 

kurma s¿rec n  destekleyen, sorgulama temell , d j tal ver ye er ĸ m  kolay ve ºĵretmen 

rehberl ĵ n  ­eren yapēlarda olmalēdēr (Bruner, 1996). 

 

5.2. POLĶTĶKA GELĶķTĶRĶCĶLER Ķ¢ĶN ¥NERĶLER 

¶ Ulusal eĵ t m s stemler ne ver  temell  karar alma k¿lt¿r¿ kazandērēlmalē, okullarda d j tal 

ºĵrenme ver ler n n anlamlē b ­ mde toplanmasē ve yorumlanmasē ­ n g¿venl  ve et k 

­er­eveler oluĸturulmalēdēr (Slade & Pr nsloo, 2013). 

¶ ¥ĵrenme anal t ĵ  s stemler n n t car leĸt r lm ĸ deĵ l, eĵ t msel olarak anlamlē kullanēmē teĸv k 

ed lmel d r. S stemler sadece baĸarē sēralamasē ¿retmek yer ne, ºĵrenc ler n d¿ĸ¿nme 

b ­ mler n  ve kavramsal gel ĸ mler n  zleyeb lmel d r (Ferguson, 2012). 

5.3. ARAķTIRMACILAR Ķ¢ĶN ¥NERĶLER 

¶ ¥ner len kuramsal model n farklē eĵ t m d¿zeyler nde ( lkokul, l se, y¿ksekºĵret m) uygulamalē 

araĸtērmalarla test ed lmes gerekl d r. Bu t¿r ­alēĸmalar, model n ge­erl l ĵ n  ve etk l l ĵ n  

ortaya koyarak kuramsal ­er­even n g¿­lend r lmes n  saĵlar. 

¶ Ķ­gºr¿ ¿ret m n n ºl­¿leb l r gºstergeler n n bel rlenmes, eĵ t m ver s n n sadece n cel deĵ l, 

n tel boyutlarēnēn da kapsanmasēnē saĵlayacaktēr. Bu noktada karma yºntem (m xed-methods) 

yaklaĸēmlarēna ht ya­ duyulmaktadēr. 
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Sonu­ olarak, bu ­alēĸma, eĵ t mde ­gºr¿ ¿ret m n  d j tal ver  ­aĵēnēn gerekl l kler yle uyumlu 

b ­ mde yen den kuramsallaĸtērmayē hedeflem ĸt r. Teknoloj k ara­larēn anlamlē pedagoj k 

s¿re­lerle b¿t¿nleĸmes  sayes nde, yalnēzca daha baĸarēlē deĵ l; aynē zamanda daha eleĸt rel 

d¿ĸ¿nen, anlam kurab len ve farkēndalēĵē y¿ksek b reyler yet ĸt rmek m¿mk¿n olacaktēr. 
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Abstract 

Cortinarius (Pers.) Gray is the largest and taxonomically most complex genus in the order Agaricales, 

comprising nearly 5,000 species worldwide. Cortinarius species form ectomycorrhizal associations with 

coniferous, deciduous trees as well as herbaceous plants from various families. The species are named 

Cortinarius due to the initial development of the basidiocarp surrounded by a cortina, which is short-

lived and initially covers all the gills that gradually disappear as the fruiting body develops. The 

morphological similarities and cryptic species within the genus cause species delimitation problems. 

Thus, molecular methods are very crucial in species identification and nomenclature. Nuclear Internal 

Transcribed Spacer (nrITS) gene region is a universal DNA barcoding region due to its high 

evolutionary rates and effectively used for Cortinarius species identification. Additional barcoding 

regions, such as the subunits of RNA polymerase II (RPB1, RPB2) and the large subunit of ribosomal 

RNA (nLSU) are used especially in distinguishing closely related species. With the advent of molecular 

studies, taxonomic classification of fungal species has become more reliable and phylogenetic 

relationships of many species have been resolved within the genus Cortinarius. 

Key words: Cortinarius phylogeny, DNA barcode, nrITS, Molecular phylogenetic analysis  

N¿kleer Ķ­ Transkripsiyonel Boĸluk (nrITS) Bºlgesine Dayalē Cortinarius 

(Basidiomycota, Agaricales) Cinsinin Filogenetik ¢ēkarēmē 

 

¥zet 

Cortinarius (Pers.) Gray, Agaricales takēmēnēn en b¿y¿k ve taksonomik olarak en karmaĸēk cinsidir ve 

d¿nyada yaklaĸēk 5.000 t¿r¿ kapsamaktadēr. Cortinarius t¿rleri iĵne yapraklē, yaprak dºken aĵa­lar ile 

otsu bitkileri de barēndēran bir­ok familyaya ait bitkilerle ektomikorizal iliĸki kurarlar. Cortinarius 

olarak isimlendirilme, bu cinse ait t¿rlerin geliĸimin ilk evresinde t¿m lamelleri kaplayan, kēsa ºm¿rl¿ 

bir kortina ile ­evrili bazidiokarba sahip olmalarēndan kaynaklanēr. T¿rler arasē morfolojik benzerlikler 

ve kriptik t¿rlerin varlēĵē bu cinse ait t¿rlerin tanēmlanmasēnē zorlaĸtērmaktadēr. Bu nedenle, molek¿ler 

yºntemlere dayalē t¿r teĸhisi ve adlandērmasēnda b¿y¿k ºnem arz etmektedir. ¢ekirdek N¿kleer Ķ­ 

Transkripsiyonel Boĸluk (nrITS) gen bºlgeleri, y¿ksek evrimsel hēzlarēndan dolayē evrensel bir barkod 

olarak kabul edilmekte ve Cortinarius t¿rlerinin belirlenmesinde etkili bir ĸekilde kullanēlmaktadēr. Ek 

olarak, RNA polimeraz II alt birimleri (RPB1, RPB2) ve ribozomal RNA'nēn b¿y¿k alt birimi (nLSU) 

gibi barkod bºlgeleri ºzellikle birbirine yakēn t¿rlerin ayrēmēnda kullanēlmaktadēr. Molek¿ler 

­alēĸmalarēn geliĸmesiyle birlikte, mantar t¿rlerinin taksonomik sēnēflandērmasē daha g¿venilir hale 

gelmiĸtir ve Cortinariusôa ait bir­ok t¿r¿n filogenetik iliĸkileri ortaya konmuĸtur.  

Anahtar Kelime: Cortinarius filogenesi, DNA barkodu, nrITS, Molek¿ler filogenetik analiz 

mailto:senay.sengul@gop.edu.tr
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GĶRĶķ 

Cort nar us (Pers.) Gray, Bas d omycota ĸubes ne baĵlē, Agar cales takēmē, Cortinariaceae famlyasēnēn 

b r ¿yes  olan, en b¿y¿k ve en fazla s non me sah p mantar c ns d r (Kalichman ve ark., 2020). Kuzey 

ve g¿ney yarēm k¿rede yayēlēm gºsteren ve d¿nyada yaklaĸēk 5000'den fazla t¿re sahip olduĵu ifade 

edilmektedir (Index Fungorum, 2025).  ¥zellikle son yēllarda ivme kazanan molek¿ler ­alēĸmalar ile bu 

cinse ait yaklaĸēk 3000ôi ge­erli t¿r olarak kabul gºrmektedir (Liimatainen ve ark., 2022). ¥nceleri, 

Cortinariaceae fam lyasē altēnda Cort nar us (Pers.) Gray tek b r c ns olarak kabul ed lmekteyd . Ancak 

Cortinariaceae fam lyasēnēn molek¿ler rev zyonu ve yen  sēnēflandērēlmasē le bu fam lya g¿n¿m¿zde 10 

c ns le tems l ed lmekted r; Cortinarius (Pers.) Gray, Phlegmacium (Fr.) W¿nsche, Thaxterogaster 

Singer, Calonarius Niskanen & Liimat., Aureonarius Niskanen & Liimat., Cystinarius Niskanen & 

Liimat., Volvanarius Niskanen & Liimat., Hygronarius Niskanen & Liimat., Mystinarius Niskanen & 

Liimat. ve Austrocortinarius Niskanen & Liimat. (Liimatainen ve ark., 2022). Ayrēca, Cortinarius 

(Pers.) Gray c ns  11 alt cinse ayrēlmaktadēr; Cortinarius, Camphorati Liimat., Niskanen & Ammirati, 

Dermocybe (Fr.) Trog, Illumini Liimat., Niskanen & Kytºv., Infracti Niskanen & Liimat., Iodolentes 

Niskanen & Liimat., Leprocybe M.M. Moser, Myxacium (Fr.) Trog, Orellani (M.M. Moser) Gasparini, 

Paramyxacium M.M. Moser & E. Horak ve Telamonia (Fr.) Trog. 

Cort nar us c ns  mantarlar ektom kor zal olup C staceae, Caesalp n aceae, D pterocarpaceae, 

Fagaceae, Malvaceae, Myrtaceae, Nothofagaceae, P naceae, Rhamnaceae, Rosaceaea ve Sal caceae 

fam lyalarēna a t b tk ler le b rl kte bulunmaktadērlar (Frßslev ve ark., 2005, 2006; Garn ca ve ark., 

2005; Brandrud ve ark., 2018; Soop ve ark., 2019; L mata nen ve ark., 2022, L u ve ark., 2024). ¢oĵu 

t¿r zeh rl  olmakla b rl kte bazēlarē kºt¿ kokulu, jelat n ms  b r y¿zeye sah p olmalarē neden yle 

beslenme amacēyla terc h ed lmezler. Bu c ns t¿rler n n gen­ ºrnekler nde ĸapka le sap arasēnda, 

lameller n  ºrten ñkort naò olarak adlandērēlan ve zamanla baz d yokarp gen ĸled k­e kaybolan perdeye 

sah p olmalarē neden yle c ns n sm  ñperdel ò anlamēna gelen Cort nar us olarak adlandērēlmēĸ ve lk 

defa Fr es (1836-1838) tarafēndan kullanēlmēĸtēr. Kort na ºzell ĵ  dēĸēnda, paslē kahvereng  spor zler ne 

sah p olmalarē, sporlarēnda f l zlenme gºzenekler n n olmamasē veya gevĸek per sporyum yapēsēna sah p 

olmalarē Cort nar us c ns ne a t en temel ºzell klerd r (Pe ntner ve ark., 2004). ķapkalarē genell kle 

konveks, y¿zeyler  kuru, peks , f br lºz veya yapēĸkan, saplarē s l ndr k veya ­omak ĸekl nde ve 

tabanlarēnda ĸ ĸk nl k gºr¿lmekted r. Bu bel rt len ºzell kler, Cort nar us mantarlarēnē d ĵerler nden 

ayērmak ve tanēmlamak ­ n kullanēlan en karater st k makroskob k ºzell klerd r. Ancak t¿rler  arasēnda 

morfoloj k ve m kroskob k ºzell kler n ­ok benzer olmasē, kr pt k t¿rler n bulunmasē, bu c nse a t 

t¿rler n tanēmlanmasēnē zorlaĸtērmaktadēr. Bu y¿zden, sadece morfoloj k ºzell klere dayanarak 

Cort nar us c ns  mantar t¿r tanēmlamasēnēn yapēlmasē, aynē s mler n farklē t¿rler ­ n kullanēlmasēna 

ve yanlēĸ s mlend rmeler n yapēlmasēna, dolayēsēyla, bu c nse a t t¿r sayēsēnda artēĸa neden olmaktadēr. 

Son yēllarda molek¿ler yºntemler n kullanēlmasēyla b rl kte molek¿ler mantar taksonom s  

­alēĸmalarē hēz kazanmēĸtēr. Bel rl  gen d z ler , DNA barkodu olarak kulllanēlarak, mantar t¿rler n n 

tanēmlanmasēna ve f logenet k l ĸk ler n n anlaĸēlmasēna yardēmcē olmaktadēr. ķu anda t¿r d¿zey nde 

taksonom de en yaygēn kullanēlan gen bºlges , mantarlar ­ n evrensel b r barkod bel rtec  olarak 

ºner len n¿kleer ­ transkr ps yonel boĸluk (nrITS) bºlges d r (Schoch ve ark., 2012). Klas k 

taksonom n n b r tamamlayēcēsē olarak, nrITS gen bºlges ne a t molek¿ler ver ler, Cort nar us t¿rler n n 

f logenet k l ĸk ler  tahm n etmek kullanēlmaktadēr. 

Molek¿ler Yºntemlere Dayali Mantar T¿r Teĸhisi 

Cortinarius cinsi, y¿ksek t¿r ­eĸitliliĵi ve morfolojik benzerlikler nedeniyle taksonomik a­ēdan olduk­a 

karmaĸēk bir gruptur. Bu nedenle, molek¿ler belirte­lerin kullanēmē, bu cinsin t¿r d¿zeyinde ayrēmē ve 
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filogenetik sēnēflandērēlmasē a­ēsēndan b¿y¿k ºnem taĸēmaktadēr. (Liimatainen ve ark., 2014; 

Liimatainen ve ark., 2022). 2012 yēlēna kadar mantar taksonomisine yºnelik molek¿ler ­alēĸmalar 

yapēlmēĸ olsa da, Schoch ve ark. (2012)ônēn, yaklaĸēk 700 mantar numunesinin ­alēĸēldēĵē kapsamlē bir 

araĸtērmada, altē gen bºlgesini DNA barkodlama i­in kullanmēĸ, bunlardan ºzellikle n¿kleer i­ 

transkripsiyonel boĸluk (nrITS) bºlgesinin, farklē mantar taksonlarēnda t¿r i­i ve t¿rler arasē 

varyasyonlarē belirleyebilen en baĸarēlē barkod olarak belirlemiĸlerdir. Bu ­alēĸma sonucunda, nrITS gen 

bºlgesinin, diĵer mitokondriyal gen bºlgelerine (ºrnek: sitokrom c oksidaz altbirim 1) de alternatif 

olabilecek ve mantar taksonomik ­alēĸmalarē i­in daha g¿venilir bir barkod olduĵu ortaya konmuĸtur. 

Bºylelikle, nrITS gen bºlgesine dayalē mantar taksonom k l ĸk ler n ve genet k varyasyonun 

bel rlenmes  ­alēĸmalarē olduk­a ºnem kazanmēĸtēr. 

ITS gen bºlges , 5.8S gen  tarafēndan ayrēlmēĸ olan ITS1 ve ITS2 bºlgeler n  ­er r ve nrDNA tekrar 

b r m ndek  18S (SSU) ve 28S (LSU) genler  arasēnda yer alēr (ķek l 1). ITS bºlgeler n n u­ bºlgeler nde 

18S ve 28S genler  olduk­a korunmuĸtur ve bu korunmuĸ bºlgelere karĸēlēk gelen d z lerden pr merler 

d zayn ed lmekted r (Wh te ve ark., 1990). 

 

 

   

 

 

ķekil 1. ITS gen bºlgesi ve sēklēkla kullanēlan primerlerin gen ¿zerindeki pozisyonlarē 

 

ITS bºlges ne dayalē t¿r teĸh s  ­ n sēklēkla kullanēlan pr merler Tablo1ôde ver lm ĸt r. Bu pr mer 

­ ftler  yaklaĸēk 450-700 baz ­ ft  arasēnda d z  elde ed lmes n  saĵlar. ITS gen bºlges n n n speten k¿­¿k 

olmasē Pol meraz Z nc r Reaks yonu (PZR) le ­oĵaltēlmasēnda kolaylēk saĵlar. 

Tablo 1. Mantar DNA barkodlama ­alēĸmalarēnda kullanēlan ITS gen bºlges ne a t pr mer d z ler 

Gen 

Bºlgesi 

Primer 

Adē 
Primer Sekansē Referans 

ITS 

 

ITS1 

(Forward) 
TCCGTAGGTGAACCTGCGG 

White ve ark., 1990 

ITS5 

(Forward) 
GGAAGTAAAAGTCGTAACAAGG 

ITS2 

(Reverse) 
GCTGCGTTCTTCATCGATGC 

ITS3 

(Forward) 
GCATCGATGAAGAACGCAGC 

ITS4 

(Reverse) 
TCCTCCGCTTATTGATATGC 

 

Molek¿ler yºntemlere t¿r teĸh s nde zlen lecek adēmlar ķek l 2ôde ver lmekted r. Buna gºre t¿r 

teĸh s nde lk adēm mantar ºrnekler n n toplanmasēdēr. Doĵal hab tatlarēnda toplanan mantarlar 

m kroskob k ve molek¿ler ­alēĸmalarda kullanēlmak ¿zere muhafaza ed lmeler  gerek r. Laboratuvar 

ortamēnda mantar numunes nden DNA ekstraks yonu ger­ekleĸt r l r. Bu aĸamada genell kle mantar ­ n 

DNA zolasyon k tler  kullanēlmaktadēr. Elde ed len genom k DNA, yukarēda bel rt len pr mer 
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­¿ftler n n kullanēldēĵē Pol meraz Z nc r Reaks yonu (PZR) le ­oĵaltēlarak ¿r¿n elde ed lmekted r. PZR 

¿r¿n varlēĵē tey t ed ld kten sonra Sanger sekanslama le ¿r¿n¿n DNA d z s  elde ed l r. B yo nformat k 

anal zler n lk aĸamasēnda, elde ed len PZR ¿r¿n d z s n n Nat onal Center for B otechnology 

Informat on (NCBI) ver tabanlarēnda BLASTn le araĸtērēlēr. ¢alēĸēlan mantar t¿r¿ le ver tabanlarēnda 

bug¿ne kadar ­alēĸēlan mantar t¿rler ne a t barkod d z ler  karĸēlaĸtērēlarak en benzer olanlar bel rlen r. 

T¿rler arasēndak  akrabalēk lĸk s n n ortaya konmasē ­ n f logenet k aĵa­ ­ z m  gerekl d r. B r t¿re a t 

elde ed len DNA d z s n n doĵruluĵu, genet k l ĸks n n anlaĸēlmasē ancak f logenet k anal zler n 

desteĵ yle saĵlanēr.  

ķekil 2. Mantar t¿r tanēmlamasēnda izlenecek molek¿ler adēmlar 

Cort nar us c ns  mantar t¿r teĸh s nde nrITS gen bºlges ne dayalē f logenet k ayērēm ­oĵu t¿r ­ n 

yeterl  sonu­larēn elde ed lmes ne olanak saĵlamaktadēr (Fajarn ngs h, 2016; Garn ca ve ark., 2016; 

Soop ve ark., 2019; ķeng¿l Dem rak ve T¿rkekul, 2021; L mata nen ve ark., 2020, 2022; Kaygusuz, 

2022; Zhang ve ark., 2023; ķeng¿l Dem rak ve ark., 2024). Daha ºnce mofoloj k olarak bel rlenm ĸ 

b r­ok Cort nar us t¿r¿n molek¿ler yºntemler le rev zyonu ger­ekleĸt r lmekted r (L mata nen ve ark., 

2022). D¿nyada b r­ok mantar t¿r¿n¿n yen  kayēt olarak ver lmes nde molek¿ler destekl  t¿r teĸh s n n 

yapēlmasē gerekmekted r. 

Bazē durumlarda, mantar taksonom k ­alēĸmasē ­ n k l  barkodlama s stemler n n de kullanēlmasē 

ºner lmekted r (Schoch ve ark., 2012). Kapsamlē taksonom k b r ­alēĸmada veya morfoloj k ve ekoloj k 

benzerl ĵ  fazla olan t¿rlerde, k  gen bºlges ne dayalē teĸh s yapmak en doĵrusudur. ¥zell kle, nrITS ve 

r bozomal b¿y¿k alt b r m rRNA (LSU) gen bºlgeler n n b rl kte kullanēlmasē, t¿rler arasē d¿ĸ¿k nrITS 

deĵ ĸkenl ĵ ne sah p taksonlarda genet k ­eĸ tl l ĵ  doĵru bel rleyeb lmek ­ n olduk­a ºneml d r. ¢oklu 

gen bºlges ne dayalē f logenet k ­ēkarēmlarēn yapēlmasē hem teĸh s n g¿ven rl l ĵ n  artērmakta hem de 

ler de yapēlacak ­alēĸmalar ­ n ºneml  molek¿ler ver  saĵlamaktadēr. 

T¿rkiyeôde Cortinarius T¿r Teĸhisine Yºnelik Molek¿ler ¢aliĸmalar 

Yaptēĵēmēz l terat¿r taramasēna gºre, T¿rk yeôde bu zamana kadar 81 l n 46ôs nde 170ôe yakēn 

Cort nar us c ns  mantar keĸfed lm ĸt r. Bu mantarlarēn en yoĵun bulunduĵu bºlge Karaden z bºlges , 

an az bulunduĵu bºlge se Ege ve G¿neydoĵu Anadolu bºlges d r. T¿rk yeôde Cort nar us t¿rler n n 

­oĵu l ste olarak ver lm ĸt r, herhang  morfoloj k ve molek¿ler ver  sunulmamēĸtēr. Bug¿ne kadar 

­alēĸēlan Cort nar us c ns  mantarlarēn yaklaĸēk %70ô  sadece l ste olarak, %23ôe yakēnē sadece 

morfoloj k teĸh se dayalē ve %7ôe yakēnē molek¿ler ve morfoloj k ­alēĸmalarēn sonucunda teĸh s 

ed lm ĸt r. Bu sonu­lar, T¿rk yeôde sadece l ste olarak sunulan veya morfoloj k olarak tanēmlanan ­oĵu 

Cort nar us t¿r¿n¿n doĵruluĵunun tey t ed lmes  gerekl l ĵ n  ortaya koymaktadēr. Kēsētlē olmakla 

b rl kte, molek¿ler yºntemlere dayalē yen  kayēt Cort nar us c ns  mantar t¿rler ­oĵunlukla Trabzon ve 



II. Internat onal Data Sc ence and Informat on Technolog es 

Congress (INFTEC 2025) Budapest/Hungary May 22-23, 2025 

 

146 

 

Tokat ller nden sunulmuĸtur (Tablo 2). T¿rk yeôde Cort nar usôa yºnel k molek¿ler ­alēĸmalarēn 

yeters z olduĵu gºr¿lmekted r. Bu sebeplerden dolayē T¿rk yeôdek  Cort nar us c ns  mantarlarēn 

teĸh s nde molek¿ler tanēmlama yºntemler n n kullanēlmasē olduk­a ºneml d r. 

Tablo 2. T¿rk ye'de molek¿ler yºntemlerle ncelenen Cort nar us c ns  mantarlar 

Cortinarius T¿r¿ Bulunduĵu Bºlge Ķl Referans 

C. bulliardi Karadeniz Bºlgesi Tokat (ķeng¿l Demirak ve T¿rkekul, 2021) 

C. caerulescens Doĵu Anadolu Hakkari (Kalmer ve ark., 2019) 

C. caninus Karadeniz Bºlgesi Trabzon (Sesli, 2020) 

C. cinnamoviolaceus Karadeniz Bºlgesi Trabzon (Sesli ve ¥rt¿c¿, 2020) 

C. conicoumbonatus Karadeniz Bºlgesi Trabzon (Sesli ve Liimatainen, 2018) 

C. dibaphus Marmara Bºlgesi Bursa (Kaygusuz, 2022) 

C. eucaeruleus Karadeniz Bºlgesi Tokat (ķeng¿l Demirak ve ark., 2022) 

C. lilacinovelatus Karadeniz Bºlgesi Tokat (ķeng¿l Demirak ve T¿rkekul, 2021) 

C. rapaceodies Karadeniz Bºlgesi Tokat (ķeng¿l Demirak ve Iĸēk, 2020b) 

C. rufo-olivaceus Karadeniz Bºlgesi Tokat (ķeng¿l Demirak ve ark., 2020a) 

C. strenuipes Karadeniz Bºlgesi Tokat (ķeng¿l Demirak ve ark., 2024) 

C.variegatus Karadenzi Bºlgesi Trabzon (Sesli ve ¥rt¿c¿, 2020) 

 

TARTIķMA VE SONU¢ 

Mantarlar alem nde t¿rler n bel rlenmes  olduk­a karmaĸēk ve hatta mk©nsēz olab lmekted r. Makro- ve 

m kro-morfoloj k ºzell kler n t¿r ayērēmēnda yeters z olmasē, hatta farklē araĸtērmacēlarēn mantarēn 

morfoloj k ºzell kler n  farklē yorumlamasē, bazē t¿rler n farklē s mler altēnda b rden fazla 

adlandērēlmasēna ve mantarlarēn sēnēflandērēlmasēnda karmaĸēklēĵa yol a­maktadēr. Taksonom de her 

c nse a t t p materyal olmasē, t¿r tanēmlamalarēn daha doĵru ve kolay yapēlmasēnē saĵlarken, t p materyal 

olmayan durumlarda t¿r¿ bel rlemek olduk­a zordur. Mantar taksonom k ­alēĸmalarda geleneksel 

yºntemler n (morfoloj k, ekoloj k ve k myasal) yeters z kalmasēndak  olumsuzluk, teknoloj k 

gel ĸmeler n etk s yle azalmakla b rl kte, daha doĵru ve g¿ven l r yaklaĸēmlarēn gel ĸt r lmes ne neden 

olmuĸtur.  

Molek¿ler yaklaĸēmlarēn kullanēlmasēyla b rl kte y¿ksek sev yel  taksonom k gruplarēn ve b¿y¿k 

evr msel soylarēn bel rlenmes , d¿ĸ¿k taksonom k sev yelerde se t¿rler n, kēsm  pop¿lasyonlarēn ve 

b reyler n teĸh s  daha g¿ven l r hale gelm ĸt r (Kēlē­oĵlu ve ¥zko­, 2008). Molek¿ler yºntemlerde 

kullanēlan ñDNA barkoduò, b r t¿rden elde ed len k¿­¿k b r DNA d z s  olup o t¿re ºzg¿l b r DNA 

ver s d r. Dolayēsēyla, t¿re ºzg¿l bu d z ler n ver  tabanlarēndak  t¿m ver lerle karĸēlaĸtērēlmasē le hang  

t¿r olduĵu hakkēnda b lg  ed n lmekted r. Bu y¿zden se­ len barkod genler n n g¿ven rl l ĵ  olduk­a 

ºneml d r.  Mantarlar ­ n pol morf k DNA d z ler nden en yaygēn olarak kullanēlan nrITS gen bºlges , 

mantar t¿rler n n doĵru teĸh s nde en g¿ven l r barkod olarak kabul ed lm ĸt r.  

Cort nar us, d¿nyada kozmopol t daĵēlēma sah p, t¿r a­ēsēndan olduk­a zeng n, t¿rler nde ortak 

morfoloj k karakterler n bulunmasē neden yle t¿r ayērēmē bakēmēndan zorlu b r c nst r. Son yēllarda 

yapēlan ­alēĸmalar, molek¿ler yºntemler le morfoloj k tanēmlamalarēn brl kte kullanēldēĵē t¿r teĸh s n n 

daha g¿ven l r olduĵunu ortaya koymaktadēr (ķeng¿l Dem rak ve T¿rkekul, 2021; L mata nen ve ark., 

2020, 2022). nrITS gen bºlges ne dayalē f logenet k anal zler, Cort nar us c ns n n monof let k olduĵunu 
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gºstermekted r (Pe ntner ve ark., 2004; Garn ca ve ark., 2006; ķeng¿l Dem rak ve T¿rkekul, 2021; 

L mata nen ve ark., 2022; ķeng¿l Dem rak ve ark., 2024). Geleneksel yºntemler n molek¿ler ver lerle 

desteklenmes , Cort nar us taksonom s n n doĵruluĵunu ve g¿ven rl l ĵ n  artērmaktadēr.  

D¿nyada hala keĸfed lmem ĸ Cort nar us c ns  ve farklē mantar t¿rler  olduk­a fazladēr ve ­alēĸēlmamēĸ 

b r­ok lokasyon bulunmaktadēr. Farklē ekoloj k ortamlardan toplanan mantarlarēn ­alēĸēlmasē, daha fazla 

molek¿ler ver ler n paylaĸēlmasēna ve taksonom k b lg ler m z n daha g¿ven l r olmasēna katkēda 

bulunacaktēr. Sonu­ olarak, DNA barkodlama le ger­ekleĸt r len molek¿ler ­alēĸmalar b nlerce yen  

t¿r¿n daha hēzlē, g¿ven l r ve doĵru ĸek lde tanēmlanmasēna katkēda bulunmaktadēr. 
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Abstract 

 

In modern D g tal S gnal Process ng (DSP) systems, ach ev ng eff c ent real-t me f lter ng rema ns a 

cr t cal challenge, espec ally n appl cat ons requ r ng h gh accuracy, low power consumpt on, and 

opt m zed hardware ut l zat on. Trad t onal software-based approaches often fall short when t comes 

to meet ng performance and energy constra nts. F eld-programmable gate arrays (FPGAs) offer a 

prom s ng alternat ve due to the r nherent parallel sm, reconf gurab l ty, and energy eff c ency. 

However, translatng complex DSP algor thms nto eff c ent FPGA mplementat ons requ res careful 

des gn cons derat ons and robust development tools. Th s research addresses these challenges by 

des gn ng and mplement ng a D g tal Butterworth Inf n te Impulse Response (IIR) f lter on an FPGA 

platform us ng the X l nx System Generator. The Butterworth IIR f lter s selected for ts max mally 

flat magn tude response n the passband, mak ng t deal for appl cat ons that demand smooth 

frequency character st cs w th m n mal r pple. Leverag ng the X l nx System Generator enables h gh-

level hardware model ng and rap d prototyp ng, s gn f cantly reduc ng development t me wh le 

ensur ng hardware compat b l ty. The f lter s deployed on an ARTIX-7 FPGA, and ts performance 

s evaluated n terms of resource ut l zat on, spec f cally, lookup tables (LUTs), sl ces, and other 

fundamental FPGA components, as well as dynam c power consumpt on. The mplementat on results 

demonstrate not only the feas b l ty of deploy ng soph st cated DSP algor thms on FPGA hardware 

but also prov de emp r cal ns ghts nto des gn trade-offs related to resource eff c ency and power 

consumpt on. Th s work contr butes to the grow ng body of research n FPGA-based DSP by offer ng 

a pract cal methodology for develop ng power- and resource-eff c ent f lter ng solut ons. 

Key words: D g tal Butterworth Inf n te Impulse Response, F eld-Programmable Gate Arrays, X l nx 

System Generator, D g tal S gnal Process ng 

INTRODUCTION 

Th s study nvest gates the des gn and mplementat on of a D g tal Butterworth Inf n te Impulse 

Response (IIR) f lter on a F eld-Programmable Gate Array (FPGA) platform us ng the X l nx System 

Generator. W th grow ng demands n real-t me s gnal process ng appl cat ons, such as b omed cal 

mon tor ng and commun cat on systems, there s a s gn f cant nterest n real z ng eff c ent d g tal 

f lter ng techn ques that balance performance, resource usage, and power consumpt on. 
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D g tal f lters play a central role n modern s gnal process ng systems by allow ng for the extract on, 

mod f cat on, and enhancement of nformat on from d screte-t me s gnals. Among these, IIR f lters are 

known for the r computat onal eff c ency and ab l ty to model complex frequency responses us ng fewer 

coeff c ents compared to FIR f lters. The Butterworth IIR f lter, n part cular, s pr zed for ts max mally 

flat passband response and s frequently appl ed where s gnal ntegr ty n the passband s cr t cal. 

The a m of th s research s to explore the theoret cal foundat on and pract cal real zat on of a second- 

order Butterworth IIR low-pass f lter us ng a D rect Form II structure. The f lter was des gned us ng 

MATLAB's FDA Toolbox and mplemented on an Art x-7 FPGA board v a X l nx System Generator. 

The study prov des a comprehens ve analys s of resource usage, nclud ng Look-Up Tables (LUTs), 

sl ces, and power consumpt on. Furthermore, real-t me no se reduct on for ECG s gnals was used as a 

pract cal appl cat on to demonstrate system eff c ency and rel ab l ty. 

Th s paper contr butes to the advancement of FPGA-based d g tal s gnal process ng by present ng 

a well-rounded mplementat on p pel ne from f lter des gn to real-world appl cat on. Emphas s s 

placed on system opt m zat on, hardware eff c ency, and the synergy between academ c theory and 

pract cal eng neer ng. 

MATERIAL AND METHODS 

Th s sect on outl nes the mater als, tools, and procedural methodology employed for the des gn and 

mplementat on of a D g tal Butterworth IIR F lter us ng X l nx System Generator on an FPGA platform. 

The process ncludes f lter des gn us ng MATLAB tools, s mulat on n S mul nk, ntegrat on v a X l nx 

System Generator, and deployment on an Art x-7 FPGA board. 

Mater al 

The core hardware component used n th s study was the X l nx Art x-7 FPGA development board, 

wh ch s w dely recogn zed for ts low power consumpt on, compact s ze, and su tab l ty for d g tal 

s gnal process ng (DSP) appl cat ons. In add t on to th s, the follow ng software env ronments and tools 

were ut l zed: 

Å MATLAB R2021a w th S mul nk: For des gn ng and s mulat ng the d g tal f lter. 

Å F lter Des gn and Analys s (FDA) Toolbox: To develop and analyze the f lter structure, 

coeff c ents, and performance parameters. 

Å X l nx System Generator (XSG): A h gh-level tool ntegrated w th S mul nk for translat ng 

f lter des gns nto FPGA-synthes zable blocks. 

Å X l nx ISE Des gn Su te 14.7: For b tstream generat on, synthes s, and FPGA programm ng. 

All s mulat ons and mplementat ons were carr ed out on a standard comput ng workstat on runn ng 

W ndows OS w th suff c ent computat onal capac ty for HDL s mulat on and FPGA comp lat on. 
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Methods 

 

F gure 1. Workflow 

F lter Des gn and Analys s 

The Butterworth f lter s essent al due to ts flat frequency response n the passband. Important for 

adjust ng f lters to uses, f lter des gn spec f cat ons spell out the ntended behav or by establ sh ng 

cr ter a such as passband and stopband frequenc es, r pples, and attenuat on. A second-order 

Butterworth IIR low-pass f lter was des gned us ng the FDA toolbox. The pr mary des gn and the 

parameters are shown below: 

 

 

 

 

F gure 2. F lter Real zat on n FDA 

  

 

Hardware Implementation  

 

 

 

 

System Generator  
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Table 1. F lter Des gn Spec f cat ons 

Sampling Frequency Fs 1000Hz 

Filter Response Low Pass 

Filter order 2 

F cut-off 0.2 

3db point 0.2 

6db point 0.25725 

Table 2. F lter Parameters 

F lter Structure D rect form II 

Number of sect ons 1 

F lter Stab l ty Stable 

L near Phase No 

Des gn Algor thm Butter 
 

 

The f lter specs must be normal zed w th respect to the Nyqu st frequency before they can be used 

n the des gn process. The frequency at wh ch t exper ence a decrease n volume by 3 dB s 200 Hz 

(0.2 * 1000 Hz / 2). We convert th s frequency to a normal zed 3 dB frequency of 0.4 by d v d ng t by 

the Nyqu st frequency (500 Hz). Des gn ng a stable f lter s essent al. All of the poles of a stable IIR 

f lter are w th n the compl cated un t c rcle. In the complex plane, the poles of the Butterworth f lter 

l e on a c rcle of rad us 1. Th s nnate qual ty guarantees stead ness. 

Z-Transform of F lter 

We nvest gate the mathemat cal transformat on that connects the nput and output sequences of a 2nd 

order Butterworth IIR (Inf n te Impulse Response) f lter by way of the Z-Transform (a useful tool for 

analyz ng and represent ng d screte-t me systems l ke d g tal f lters). Its transfer funct on may be 

expressed n the Z-doma n us ng the Z-Transform. The poles and zeros of the f lter are encoded n ts 

transfer funct on, wh ch governs ts operat on n the frequency and t me doma ns. We exam ne the f lter's 

frequency response, stab l ty, and trans ent response, thus hav ng ns ght nto the f lter's future behav or, 

allow ng us to foresee how t w ll process ncom ng s gnals and how the r output w ll change over t me. 

Transfer Funct on Equat on 

The polynom al n the Z-doma n represent ng the f lter's output s d v ded by polynom al n the Z- 

doma n represent ng the f lter's nput to arr ve at the express on for the ga n. 

πȢπφχ ρ  ςᾀρ  ᾀς  

Ὄᾀ  ρ  ρȢρςᾀρ  πȢτρφςᾀς 

For Poles and Zeros 

Mult ply & D v d ng by Z square (eq. 4-1) 

πȢπφχᾀς  ςᾀ  ρ 

Ὄᾀ  
ᾀς  ρȢρςᾀ  πȢτρφς 

ὔέύ ὸέ ὪὭὲὨ ὤὩὶέὩί 
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ᾀς  ςᾀ  ρ  π 

ὤρ  ρ  ὤς  ρ 

ὔέύ ὸέ ὪὭὲὨ ὖέὰὩί 

ᾀς  ρȢρςᾀ  πȢτρφς  π 

ὤρ  πȢυχρ  ὮπȢςωω  ὤς  πȢυχρ  ὮπȢςωω 

Magn tude and Angle for Conjugate poles 

A set of follow ng equat ons represent the magn tude and angle of conjugate poles. 

ὔέύ ὸέ ὪὭὲὨ 

ὓὥὫὲὭὸόὨὩ ):)  Ѝὼς 

 ώς 

):)  πȢφττυτ 

ὔέύ ὸέ ὪὭὲὨ ὃὲὫὰὩ 

ώ 

ÔÁÎ —   

ὼ 

—ρ  πȢτψρψ 

—ρ  πȢτψρψ 

The f lter coeff c ents were generated us ng MATLABôs butter funct on. The des gned f lter's 

stab l ty was ver f ed us ng a pole-zero plot, ensur ng all poles were located w th n the un t c rcle. 

These d fference equat on coeff c ents are the f lter coeff c ents: 

 

F gure 3. F lter Coeff c ents 

Å 

Å 

Å 

Å 

Å 

Å 

Å 

Å 

Å 

Å 

Sect on #1 

Numerator: 

1 

2 

1 

Denom nator: 

1 

-1.998222847291841741679263577680103480816 

0.998224425026400519200819871912244707346 

Ga n: 
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System Generator Implementat on 

 

 

F gure 4. Low Pass IIR Butterworth F lter n X l nx System Generator and Sub-systems 

After f lter des gn, the mplementat on proceeded us ng X l nx System Generator blocks n S mul nk. 

The system was constructed us ng the follow ng XSG modules: 

Å Gateway In: To convert float ng-po nt S mul nk data nto f xed-po nt format for FPGA synthes s. 

Å Delay: To manage s gnal synchron zat on w th n the feedback loop. 

Å Add/Subtract: Ar thmet c blocks to mplement the recurs ve nature of the IIR f lter. 

Å CMult (Constant Mult pl er): Used to apply coeff c ent mult pl cat on n both feedback 

and feedforward paths. 

Å Gateway Out: Converts processed f xed-po nt s gnal back to S mul nk format for analys s. 

Each block corresponds to spec f c elements n the D rect Form II IIR structure. The 

coeff c ent values were manually nserted based on the FDA-generated results. 

ECG S gnal Acqu s t on and No se Reduct on 

To val date the f lter n a pract cal context, an ECG s gnal was processed us ng the des gned Butterworth 

f lter. Data was obta ned from the Phys oNet (Phys oBank ATM) database. The s gnal was f rst mported 

nto MATLAB S gnal Bu lder v a Excel. Key process ng steps ncluded: 

Å S gnal Import from Excel. 

Å Real-t me S mulat on n S mul nk. 

Å F lter ng us ng XSG- mplemented. 

Å IIR f lter Compar son of pre- and post-f ltered ECG s gnals. 
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The major range of nterest s between around 0.5 Hz and 40 Hz. The ECG's P-wave, QRS complex, 

and T-wave all fall w th n th s reg on. Atr al depolar zat on s represented by the P-wave, ventr cular 

depolar zat on by the QRS complex, and ventr cular repolar zat on by the T-wave n a standard 

electrocard ogram. To guarantee correct ECG nterpretat on, h gh-frequency no se over 40 Hz, such as 

muscular art facts and electr cal nterference, must be f ltered away. Overall, t s v tal for correct s gnal 

process ng and s gn f cant cl n cal ns ghts to comprehend the frequency range of ECG data. 

 

F gure 5. Input ECG S gnal n S gnal Bu lder 

Hardware Implementat on 

The complete system was synthes zed and deployed on the FPGA Art x-7 board us ng X l nx ISE 14.7. 

After synthes s, resource ut l zat on was measured n terms of Look-Up Tables (LUTs), Sl ces: Fl p- 

Flops, Clock Cycles and Power Consumpt on (mW). The "Resource Est mator" block from XSG was 

used dur ng s mulat on, and on-ch p FPGA reports were retr eved post- mplementat on. 

To opt m ze performance and reduce power consumpt on, des gn ref nements were appl ed: 

Å D rect Form II structure was preferred for ts memory eff c ency. 

Å P pel n ng was avo ded due to the low order of the f lter. 

Å Clock gat ng techn ques were explored n X l nx ISE 14.7 power analys s tool. 

 

RESULTS 

The des gned second-order Butterworth IIR f lter was successfully synthes zed and mplemented on the 

X l nx Art x-7 FPGA board us ng X l nx System Generator. Th s sect on presents the key performance 

outcomes of the f lter mplementat on, nclud ng s mulat on results, ECG s gnal process ng outputs, 

dev ce ut l zat on stat st cs, t m ng performance, and power consumpt on metr cs. 

S mulat on Results and F lter Response 

The f lter exh b ted a max mally flat magn tude response n the passband and a smooth roll-off n the 

stopband. The phase response was cons stent and showed m n mal d stort on n the passband, wh ch s 

cr t cal for appl cat ons l ke ECG s gnal f lter ng. 

The pole-zero d agram conf rmed the f lterôs stab l ty, w th all poles located w th n the un t c rcle. 

Frequency and t me-doma n analyses were conducted us ng MATLAB, and the group delay rema ned 

largely constant across the passband, conf rm ng the preservat on of phase relat onsh ps. 
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F gure 6. Pole-Zero Plot and Magn tude Response of the F lter 

 

F gure 7. Phase Response and Grouup Delay of the F lter 

We can tell f a f lter s stable by look ng at whether ts poles are w th n or outs de the un t c rcle. 

The magn tude response gradually decreases as the frequency r ses, llustrat ng the f lter's eff c ent 

attenuat on of h gher frequenc es. 

We can see how the phase sh ft of the f lter var es w th frequency by plott ng the phase response. 

When t comes to the t me doma n, d stort on s kept to a m n mum because of the Butterworth f lter's 

character st cally max mum flat magn tude response n the passband, wh ch translates to a smooth and 

cons stent phase response. The group delay of a f lter s revealed by ts phase response analys s. S nce 

a 2nd order Butterworth IIR f lter has a max mum flat magn tude response, the group delay should 

rema n essent ally constant across the passband. 

ECG S gnal F lter ng 

To val date the f lter n a b omed cal context, ECG s gnal data obta ned from Phys oBank ATM was 

processed. The or g nal s gnal conta ned h gh-frequency no se, wh ch was s gn f cantly reduced after 

pass ng through the mplemented Butterworth f lter. The f ltered ECG waveform reta ned all s gn f cant 

features (P-wave, QRS complex, T-wave) wh le effect vely suppress ng no se above the cutoff 

frequency. 
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F gure 8. Input ECG S gnal VS Output F ltered ECG s gnal 

Resource Ut l zat on on FPGA 

Once the des gn was synthes zed n X l nx ISE 14.7 and mplemented on the Art x-7 FPGA, a 

comprehens ve report of resource consumpt on was generated. The follow ng summar zes the 

ut l zat on: 

Table 3. F lter Implementat on Cost 

Number of Multipliers 4 

Number of adders 4 

Number of states 2 

Multiplication per input sample 4 

Addition per input sample 4 

Area n Terms of LUTs 

As llustrated n F gure 9, the FPGA mplementat on ut l zed 3,239 out of 63,400 ava lable LUTs, wh ch 

corresponds to only 5.1% usage. Th s eff c ent ut l zat on conf rms that the f lter arch tecture s h ghly 

opt m zed for hardware deployment. It also suggests that the des gn s scalable and can accommodate 

add t onal log c or parallel process ng paths w th n the same dev ce. 
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F gure 9. Area n Terms of LUTs 

Area n Terms of Sl ces 

As shown n F gure 10, the mplemented f lter ut l zed only 78 sl ces out of 126,800 ava lable, wh ch 

translates to a remarkably low 0.06% sl ce usage. Th s result h ghl ghts the eff c ency of the f lter 

arch tecture, allow ng room for s gn f cant des gn expans on or ntegrat on w th add t onal s gnal 

process ng components. The m n mal use of sl ce resources d rectly contr butes to reduced power 

consumpt on and makes the mplementat on deal for low-power, real-t me systems. 

 

F gure 10. Area n Terms of Sl ces 
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T me In terms of Clock Cycles 

The t m ng report, shown n F gure 11, demonstrates that the des gned f lter ach eved a max mum 

propagat on delay of only 1.388 ns and a net skew of 0.166 ns. These values are nd cat ve of an 

eff c ently routed des gn w th excellent synchron zat on across log c elements. The low delay and 

m n mal skew conf rm that the mplemented f lter s su table for h gh-frequency operat on and real-t me 

process ng, comfortably meet ng the constra nts of the Art x-7 FPGA. 

 

F gure 11. T me In terms of Clock Cycles 

Power n mWatts 

The power analys s, as shown n F gure 12, revealed that the total power consumpt on of the 

mplemented f lter des gn was approx mately 130.60 mW, wh ch ncludes 48.28 mW of dynam c power 

and 82.32 mW of stat c power. Th s level of consumpt on s acceptable for real-t me s gnal process ng 

appl cat ons such as ECG f lter ng and reflects eff c ent des gn cho ces made n terms of structure, 

t m ng, and resource allocat on. 

 

F gure 12. Power n mWatts 
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RTL Schemat c V ews 

To v sual ze the hardware structure, RTL (Reg ster Transfer Level) schemat cs were extracted. The top 

module and submodules clearly represented the arch tecture developed n System Generator, nclud ng 

the feedback paths and coeff c ent mult pl ers. 

 

F gure 13.1. Top Module RTL Schemat c F gure 13.2. Sub Module RTL Schemat c 

 

DISCUSSION AND CONCLUSION 

The des gn and mplementat on of a D g tal Butterworth IIR f lter us ng X l nx System Generator on 

an Art x-7 FPGA platform have demonstrated s gn f cant eff c ency n both resource ut l zat on and 

real- t me s gnal process ng performance. The pr mary goal of develop ng a power-consc ous, low-

resource, and h gh-speed f lter arch tecture was successfully ach eved. 

D scuss on 

The second-order Butterworth IIR f lter was des gned w th a focus on ach ev ng a flat passband response 

and gradual roll-off n the stopband, mak ng t h ghly su table for b omed cal appl cat ons such as ECG 

s gnal deno s ng. The frequency response, phase character st cs, and group delay conf rmed the expected 

theoret cal behav or, w th m n mal d stort on and excellent t me-doma n ntegr ty. 

From a hardware mplementat on perspect ve, the D rect Form II structure proved h ghly eff c ent. 

Only 5.1% of LUTs (3,239 out of 63,400) and 0.06% of sl ces (78 out of 126,800) were ut l zed, wh ch 

conf rms that the system was mplemented w th opt mal use of FPGA fabr c. The extremely low net 

skew of 0.166 ns and max mum propagat on delay of 1.388 ns ensured that the des gn operated 

comfortably under real-t me constra nts, allow ng for h gh-frequency clock support and rel able 

synchronous behav or. 

Moreover, the measured total power consumpt on of 130.60 mW w th 48.28 mW dynam c and 82.32 

mW stat c, reflects the des gnôs energy eff c ency. These metr cs nd cate the system's su tab l ty for 

deployment n portable or wearable health mon tor ng dev ces, where battery l fe and thermal 

performance are cr t cal. 

The pract cal appl cat on us ng ECG s gnal data from Phys oBank further val dated the f lterôs 

effect veness. The f ltered s gnal preserved essent al waveform components (P-wave, QRS complex, T- 

wave) wh le successfully attenuat ng h gh-frequency no se, thereby meet ng med cal-grade f lter ng 

standards. 
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Conclus on 

Th s work successfully br dges the gap between theoret cal DSP f lter des gn and real-t me hardware 

mplementat on. By ut l z ng MATLAB, S mul nk, and X l nx System Generator, the project llustrates 

a h gh-level yet hardware-opt m zed des gn flow that translates seamlessly nto eff c ent FPGA 

deployment. 

Å The follow ng key contr but ons were made: 

Å A pract cal demonstrat on of Butterworth IIR f lter des gn us ng FDA tools. 

Å Eff c ent resource mapp ng to FPGA hardware v a X l nx System Generator. 

Å Real-world s gnal process ng val dated through ECG deno s ng. 

Å Deta led analys s of power, t m ng, and ut l zat on metr cs conf rm ng des gn excellence. 

These results contr bute to the grow ng body of research n low-power, h gh-performance FPGA- 

based d g tal s gnal process ng. The techn ques and methodology presented are extendable to h gher- 

order f lters, mult-channel systems, or adapt ve f lter ng frameworks n future projects. 
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Abstract 

 

Food traceab l ty has become one of the key top cs n todayôs world. It has ga ned mportance because 

consumers are ncreas ngly demandng food qual ty and safety. But how well do consumers n Alban a 

understand the concept of food traceab l ty? Th s art cle prov des a quest onna re conducted w th 

consumers n Alban a, d v ded nto 3 parts. Through th s quest onna re, we gather nformat on about 

consumersô percept on of food traceab l ty, how well they understand t, and how mportant t s to 

them. Each result obta ned s also evaluated us ng SPSS. In add t on to consumers, we w ll also focus 

on some of the most well-known bus nesses n Alban a. For each of them, nformat on s prov ded on 

what they are what traceab l ty they use, and the safety cert f cat ons they possess. 

 

Keywords: Food traceab l ty, Consumer percept on, QR code, Food safety, SPSS analys s. 

 

INTRODUCTION 

Traceability has emerged as a fundamental component of modern agricultural supply chains, facilitating 

the systematic tracking of products across each stage of production, processing, and distribution. 

Agricultural traceability systems are designed to document critical data throughout the lifecycle of a 

productðfrom farm to consumer. These systems enhance transparency by providing consumers with 

verifiable information regarding the origin and handling of the food they consume. Moreover, they serve 

a crucial role in regulatory oversight by enabling authorities to swiftly identify points of failure within 

the supply chain, assign responsibility, initiate targeted recalls, and effectively mitigate economic and 

public health risks.The process of traceab l ty also br ngs benef ts to consumers, but t depends on the 

percept on they have of the concept of traceab l ty. The concept of traceab l ty s often complex and not 

eas ly comprehended by consumers.Researchers have tr ed to g ve a broad descr pt on to consumers , 

focus ng mostly on the outcomes that traceab l ty prov des (Hobbs et al., 2005; D ck nson & Ba ley, 

2002).Researchers such as Hobbs et al. (2005) and D ck nson and Ba ley (2002) descr be traceab l ty as 

ñ dent ty preservat onò and as be ng assoc ated w th qual ty and safety assurance schemes. Gellynck and 

Verbeke (2001) def ned traceab l ty from the v ewpo nt of provd ng nformat on to consumers. W lson 

and Clarke (1998) def ned traceab l ty as the nformat on necessary to descr be the product on h story 

of a food crop and any subsequent transformat ons or processes that the crop m ght undergo on ts 

journey from the grower to the consumerôs plate. F nally, other researchers descr bed traceab l ty as a 

system able to dent fy a product and trace ts movement through ts process ng stages t ll the f nal 

mailto:ermikaela@yahoo.com
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consumer (T mon & OôRe lly, 1998; Opara & Mazaud, 2001). Consumers seem not to value traceab l ty 

nformat on per se (Hobbs et al., 2005; Verbeke & Ward, 2005), and f prov ded alone does l ttle to 

reduce consumer nformat on asymmetry w th respect to credence qual ty attr butes (Hobbs et al.,2005). 

The ma n purpose of the study s to assess consumersô percept on of food traceab l ty, the r level of 

awareness, and the r nterest n the subject. The study a ms to dent fy s gn f cant d fferences n the 

percept on of food traceab l ty among respondents from the study areaas based on gender, educat on 

level , and age. In add t on to consumers, the study w ll also focus on several well-known bus nesses n 

Alban a. For each bus ness, nformat on w ll be prov ded regard ng the r nature, the traceab l ty systems 

they employ, and the food safety cert f cat ons they hold. 

MATERIAL AND METHODS 

To assess consumer percept on of food traceab l ty n Alban a, a quest onna re was conducted to gather 

data. The ma n purpose of the study s to assess consumer awareness levels and percept ons of food 

traceab l ty.   A total of 128 consumers part c pated n the survey  wh ch took place n outdoor markets 

and squares w th randomly selected consumers. The quest onna re was d str buted us ng a hard copy. 

Part c pat on n the survey was voluntary. To ach eve the part cular goals, a researcher-des gned 

quest onna re was used n conjunct on w th the descr pt ve method for data collect on. The data were 

analyzed us ng the Stat st cal Package for Soc al Sc ences (SPSS) software. The questionnaire was 

structured into three distinct sections: 

 

( ) Soc o-demograph c data of the part c pants 

( ) Knowledge about food traceab l ty 

( ) Food product nspect on before purchase by consumers 

 

Quest ons concern ng the respondents' soc odemograph c tra ts were asked n the f rst sect on. Three 

quest ons n the second sect on were ntended to evaluate the fam l ar ty w th the concept of food 

traceab l ty and the level of trust n traceab l ty systems and food safety nformat on. The th rd part 

ncluded 9 quest ons focused on the part c pantós control of food products before purchase. The data 

were analyzed us ng SPSS 20. The des gned survey conta ned 17 quest ons, from wh ch 9 conta ned a 

5-po nt Lkert-type quest onna re that ranges from ñSD-Strongly D sagree to SA-Strongly Agree. 

RESULTS 

Using the Statistical Package for Social Sciences (SPSS) software, descriptive statistics were used to 

examine data acquired via administrative questionnaires. These included mean, standard deviation, T-

test, and one-way ANOVA. The questionnaire's primary goal was to find out how consumers felt about 

food traceability. 
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Table 1. Sociodemographic characterization of the sample 

 

 

 

From the 128 participants, male respondents made up 54.7% of the sample, and female respondents 

made up 45.3%. Regarding the age of respondents, 22.7 % of the respondents were less than or equal to 

30 years, 57 % of the respondents were between 31 and 59 years, and 20.3 % were greater than or equal 

to 60 years old. The majority of the respondents had higher education (66.4%), 0% of respondents 

belonged to basic to middle school, whereas 33.6% of respondents belonged to high school. Regarding 

the monthly income, 25% of participants in the questionnaire earned less than 500 euros per month, 

46.875 % earned 500-1000 euros per month, while only 28.125% earned more than 1000 euros. The 

majority of the participants came from families with more than 5 members (38.7%), 34.7% came from 

families with 3 to 4 members, while only 26.7% came from families with 1 to 2 members. 

Hypotheses: 

H1: There s no s gn f cant d fference n the level of trust n traceab l ty systems and food safety 

nformat on based on gender. 

 

Reliability Statistics 

Cronbach's 

Alpha 

N of Items 

.923 3 

 

F rst, we measured the nternal cons stency of a set of three quest ons n the survey, and we found 

Cronbachôs alpha. These quest ons are meant to measure the same concept. The value of Cronbachôs 

alpha s 0.924, wh ch means that the three tems n our quest onna re show excellent nternal cons stency 

and respondents answered these tems n a h ghly cons stent way. 

Variable 
         

Groups   (%) 

Gender 
Male 

Female                                                                                     

  54.7 

45.3 

Age 

=<30 

31-59 

>=60 

  22.7 

57 

20.3 

Level of education 

Basic to middle school 

High school 

Higher education, university 

  0 

33.6 

66.4 

Monthly income(ú) 

<500  

500-1000 

>1000 

  25 

46.875 

28.125 

Nr.in 

family(people) 

1-2 

3-4 

5+ 

  26.7 

34.7 

38.7 
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Before perform ng a t-test, we calculated the mean, standard dev at on, and standard error mean to 

g ve an overv ew of how the groups compare. 

 

Independent Samples Test 

 

 

Levene's Test 

for Equal ty of 

Var ances 

t-test for Equal ty of Means 

F S g. t df S g. 

(2-

ta led) 

Mean 

D ffere

nce 

Std. 

Error 

D fferen

ce 

95% Conf dence 

Interval of the 

D fference 

Lower Upper 

Consumerôs  

trust  level 

when they 

perce ve food 

traceab l ty 

systems and 

food safety 

Equal 

var ances 

assumed 

.698 .405 -4.924 126 .000 -1.993 .405 -2.794 -1.192 

Equal 

var ances not 

assumed 

  

-5.037 125.623 .000 -1.993 .396 -2.776 -1.210 

 

At the 0.05 level, significant 

 t=-4.924  ;df= 126 ;  p<0.05 

We choose the alternative hypothesis over the null hypothesis because p<0.05. The hypothesis is not 

validated. The study found that there is a statistically significant gender difference in the consumerôs 

trust perception level on food traceability systems and food safety.  

The second hypothesis: 

H2: There s no s gn f cant d fference n consumersô percept on of food traceab l ty based on gender, 

educat on, and age. 

Group Statistics 

 Gender N Mean Std. Deviation Std. Error Mean 

Consumerôs  trust  level 

when they perceive food 

traceability systems and 

food safety 

male 70 11.30 2.510 .300 

female 58 13.29 1.965 .258 
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Then we tested the effect of three ndependent var ables, gender, educat on level, and age, on 

consumersô percept on. S nce we tested mult ple ndependent var ables not at once, we used one-way 

ANOVA. 

 

ANOVA 

Consumer's perception of food traceability based on gender 

 Sum of Squares df Mean Square F Sig. 

Between Groups 414.796 1 414.796 18.882 .000 

Within Groups 2767.946 126 21.968   

Total 3182.742 127    

 

At the 0.05 level, significant. 

F=18.882; df=1&126; p<0.05, Sig=.000 

F rst, we tested a s ngle factor, the effect of gender. S nce p<0.05, the result s stat st cally s gn f cant. 

There s a stat st cally s gn f cant d fference n consumersô percept on of food traceab l ty based on 

gender. Th s nd cates that consumers' percept ons of food traceab l ty vary s gn f cantly depend ng on 

the r gender. Consumers of d fferent genders th nk d fferently about food traceab l ty. 

 

ANOVA 

Consumer's perception of food traceability based on education  
 

 Sum of Squares df Mean Square F Sig. 

Between Groups 242.940 1 242.940 10.412 .002 

Within Groups 2939.802 126 23.332   

Total 3182.742 127    

 

At the 0.05 level, significant. 

F=10.412; df=1&126; p<0.05 Sig.=0.002 

Then we tested the second var able, educat on level. Based on educat on level, a one-way ANOVA 

showed a stat st cally s gn f cant var at on n how consumers perce ved food traceab l ty. 

ANOVA 

Consumersô perception of food traceability based on age 

 Sum of Squares df Mean Square F Sig. 

Between Groups 3.959 2 1.980 .078 .925 

Within Groups 3178.783 125 25.430   
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Total 3182.742 127    

 At the 0.05 level, significant.  

F=0.078; df=2&125; p>0.05 

When we tested the th rd ndependent var able, age, the test showed the result p value 

(S g.=0925)>0.05, wh ch means that the result s not stat st cally s gn f cant. Therefore, consumers' 

percept ons of food traceab l ty do not d ffer s gn f cantly accord ng to stat st cal data, dependent on 

age. 

From the results obta ned us ng ANOVA, there s a stat st cally s gn f cant d fference based on gender 

and educat on level n consumersô percept on of food traceab l ty, but there s no stat st cally s gn f cant 

d fference based on age n consumersô percept on of food traceab l ty. 

BUSINESSES IN ALBANIA  

Bus nesses n Alban a generally use traceab l ty systems and are equ pped w th safety cert f cat ons, but 

they have not mplemented technolog es such as blockcha n, RFID, or IoT. For th s reason, bus nesses 

need to take n t at ves to apply these technolog es to bu ld trust among consumers and prov de qual ty 

and food safety.  

We w ll develop a funct onal model, ta lored to the real ty and needs of our country. The model w ll 

take nto account the legal, technolog cal, and operat onal l m tat ons that ex st w th n the Alban an 

context (adaptat on to local constra nts). Coord nat on and nterconnect on w th already funct onal and 

mandatory systems n the country, such as f scal zat on, AKU, etc. We w ll ntegrate t w th ex st ng 

systems. Based on the chosen model and the planned ntegrat ons, a complete funct onal and susta nable 

system for food traceab l ty w ll be bu lt. 

1.KRACO:  

ñCap tal Resourcesò sh.p. k, known by ts brand name KRACO, s a manufactur ng and d str but on 

company, leader n Alban a n the product on of teas of d fferent formats and flavors, nfus ons, nstant 

powders for preparat ons of hot and cold dr nks, preparat ons for cakes, mashed potatoes, coffee n pods, 

packed sugar, etc. The start of ts act v ty, dates back n 1997, becom ng one of the p oneer Alban an 

compan es n the food product on ndustry. The f rst product offered n 1997, when ts act v ty started, 

was packed sugar. Nowadays, Kraco branded products and pr vate labels count for more than 130 

d fferent SKU-s wh ch are w dely used n all Alban an fam l es, local Horeca, off ces, luxury resorts, 

and are also d str buted n Europe, M ddle East, etc. Every day nearly 600,000 KRACO products are 

consumed n the Alban an & European market (Kraco,n.d.-a). Traceab l ty, as a r sk management tool, 

enables us to recall products that are not fully compl ant w th the r standards, thereby m n m z ng all 

types of r sks or d ssat sfact ons to our customers. The traceab lty system s based on four p llars: 

product dent f cat on, data to trace, product rout ng, and traceab l ty tools. When a safety or product 

m sal gnment w th our standards s suspected or dent f ed, we have the cab l ty to trace the problem 

back to ts source, sw ftly solate t, and prevent add t onal non-compl ant products from reach ng the 

consumers. Our traceab l ty nformat on s based on PO (purchase orders) and lots. We are  us ng the 

traceab l ty funct on based on POs for  raw mater als ntake and lots n the actual product on process. 

Var ous data collect on po nts are used to l nk all these elements together nto our traceab l ty cha n. The 

traceab l ty system we have managed bu ld, s the key to us for reassur ng our customers about the 

qual ty and safety of our  products. Real-t me traceab l ty of nd v dual un ts helps the complete 

sequenc ng control throughout product on l nes (Kraco, n.d.-b). 
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2.Erzen : 

We are comm tted to prov d ng a h gh-qual ty level of products and food safety serv ces for the 

PRODUCTION, STORAGE, and DISTRIBUTION of m lk-based products.These  products comply 

w th Alban an food leg slat on and meet the qual ty and food safety standards demanded by our 

consumers (Erzen , n.d.).  

Product on Process of "Erzen " Products 

 ¶ Collect on: We collect m lk every day from around 50 v llages. The areas where we collect m lk 

nclude : Berat, Ku­ov±, Dumre-Elbasan, F er, Lushnj±, Rrogozh n±, Lezh±, Vlor± (Novosel±, Vlor± 

R ver), Mallakast±r, Memal aj, Tepelen±. The new add t on s the m lk collect on po nt n Gj rokast±r, 

where we gather m lk from goats and sheep n the southern pastures of Alban a. The quant ty of collected 

m lk n these areas s ncreas ng year after year.ò (Erzen , n.d.) 

 ¶ Product on Process: After the n t al check, the m lk proceeds to the acceptance department, where t 

s f ltered, we ghed, cooled to 2 C, and d rected to the acceptance warehouses accord ng to ts dest nat on 

(Erzen , n.d ) 

3.Lufra:  

The da ry company "Lufra" started n 1992, and our work has been mprov ng s nce then. ñLufraò started 

as a s mple mprov sed workshop n one of the rooms of the house, w th the l m ted capac ty equ pment 

(up to 1000 l ters of m lk per day). Now Lufra processes over 60 tons of m lk per day and s the lead ng 

company n Alban a. (Lufra, n.d.) 

 M lk Way 

¶ Food: Our farmers feed the cows w th natural food. Th s mproves the m lk qual ty, and makes t 

healthy and full of nutr t onal values. (Lufra, n.d.) 

¶ Farm: Farmers clean and d s nfect the cow's breasts before m lk ng. The stables are equ pped w th 

m lk ng rooms of modern equ pment . (Lufra, n.d.) 

 ¶ Transportat on: The fresh m lk mmed ately after m lk ng s f ltered and cooled to 4 Á C. Th s 

temperature stays constant dur ng transport by spec al trucks of the factory. (Lufra, n.d.) 

¶ Factory: In the factory, the m lk goes through  a pasteur zat on process wh ch k lls pathogen c bacter a. 

This is where the sterilization and the standardization of fat  takes place. (Lufra, n.d.) 

 ¶ Grocery Store: Pasteur zed m lk and ts sub-products come from the farm to the factory and then to 

the grocery store w th n 24 hours, through a well-organ zed log st cs network. (Lufra, n.d.) 

4.Beata:Company Beata Ltd. was establ shed n 2009 n Kopl k am dst the clean a r of the f eld w th 

Sherebel± and fresh water flow ng from the Bjeshk±t n the Mal±s a e Kopl kut. The poultry capac ty s 

150,000 ch cken heads for product on and 80,000 ch cks for breed ng. The product on s 140,000 eggs 

per day or, n other words, 51,000,000 eggs per year. 

Qual ty: Beata eggs are a product of healthy ch ckens, ra sed on natural gra ns, w thout ant b ot cs and 

art f c al growth enhancers, enr ched w th omega-3, prote ns, etc. 

Control : Every Beata product s analyzed at the Noval laboratory, the only accred ted laboratory n 

Alban a w th the h ghest European standards (Beata Ltd., n.d.) 
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5.A ba : Company A ba owns the largest poultry farm n Alban a for egg product on w th 500,000 

ch cken heads and an average annual product on of 110 m ll on eggs. Establ shed n 1994, A ba has 

ga ned exper ence and reputat on n terms of qual ty and safety. The f nal product of A ba company s 

ch cken eggs, for human consumpt on and process ng n the ndustry. Egg product on s a b olog cal 

process carr ed out through the breed ng of ch ckens for eggs, ensur ng food supply, prov d ng all 

necessary techn cal cond t ons, n accordance w th breed, age, product v ty level, etc(A ba, n.d.) A ba 

Egg has the advantage of a 20-year exper ence n egg product on and packag ng.A ba holds the ISO 

9001:2000 qual ty cert f cate, guarantee ng consumers for our products (A ba, n.d.) 

6.Hako: 

 Its ma n act v ty s meat process ng n over 70 types of sausages, ham and mar nated products. The 

company factory w th a capac ty of over 4000 tons of product on per year employs over 200 employees 

and s present w th ts products all over Alban a.ҠThe supply of raw mater als s done by domest c 

d str but ons or by European compan es. Cert f cat on related to the qual ty management system: ISO 

9001: 2008, ISO 22000: 2005, ISO 14001: 2004, OHSAS 18001: 2007 and the HACCP food safety 

system has been cert fed by the nternat onal company IQNET.(HAKO sh.p.k., n.d.)Today the company 

has increased the range of services and is present with subsidiaries throughout Albania making 

customers have the opportunity to find HAKO products at any time and as fresh as possible.(HAKO 

sh.p.k., n.d.) 

DISCUSSION AND CONCLUSION 

Our survey nd cates that the major ty of Alban an consumers lack fam l ar ty w th the concept of food 

traceab l ty. Only a small percentage could accurately def ne t, and there s a general lack of proact ve 

behav or among consumers when select ng food products. Th s h ghl ghts an urgent need for consumer 

educat on to foster greater awareness about the character st cs and safety of food products. 

Wh le Alban an bus nesses generally employ traceab l ty systems and hold safety cert f cat ons, they 

have yet to adopt emerg ng technolog es such as blockcha n, RFID, IoT, etc. The ntegrat on of these 

technolog es s cruc al for enhanc ng transparency, bu ld ng consumer trust, and ensur ng h gher 

standards of food qual ty and safety. 

In response, we recommend the development of a funct onal traceab l ty model ta lored to Alban aôs 

context. Th s model should respect local legal and operat onal constra nts wh le enabl ng seamless 

ntegrat on w th mandatory systems such as f scal zat on, AKU, etc. By mplement ng such a system, 

Alban an bus nesses can advance towards a more rel able and susta nable food traceab l ty framework 

that meets both domest c and nternat onal demands. 
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Abstract 

 

Gastric cancer is characterized by high incidence and mortality rates worldwide, as well as low survival 

rates due to its aggressive biological behavior and tumor heterogeneity. Among all cancer types, it ranks 

fifth globally in both incidence and mortality. Approximately 95% of gastric cancers are 

adenocarcinomas, with the most common subtypes being intestinal and diffuse adenocarcinomas. 

Helicobacter pylori (H. pylori) infection is one of the main risk factors for gastric cancer and is 

considered responsible for nearly 90% of distal gastric cancer cases globally. Gastric cancer is often 

diagnosed at advanced stages due to the late onset of noticeable symptoms; however, it can be treated 

with surgical resection if detected early. 

ZNF518A is a member of the zinc finger protein family and plays a role in the transcriptional regulation 

of various genes. While studies on ZNF518A have indicated critical functions in cell proliferation and 

gene expression regulation, its roles in gastric cancer remain unclear. 

In this study, the expression and methylation profiles of the ZNF518A gene in stomach adenocarcinoma 

(STAD) were analyzed using TCGA patient data through online bioinformatics databases such as 

GEPIA, TIMER, UALCAN, and SMART. Analyses conducted on both normal and tumor tissues revealed 

that ZNF518A was significantly overexpressed in tumor tissues and exhibited pronounced 

hypomethylation in the promoter region. These findings suggest that ZNF518A may play a potential role 

in the development of gastric cancer through epigenetic mechanisms. 

Keywords: ZNF518A gene, gastric cancer, epigenetics, methylation 

 

INTRODUCTION 

Gastr c cancer s one of the most common mal gnant tumors of the d gest ve system (Song et al., 2017). 

Globally, t ranks as the f fth most frequently d agnosed mal gnancy and the th rd lead ng cause of 

cancer-related mortal ty. Although a decl ne n the overall nc dence of gastr c cancer has been observed 

n recent years, an alarm ng ncrease n ts occurrence among younger age groups has been reported (Wu 

et al., 2025). 

Accord ng to data from GLOBOCAN 2020, gastr c cancer accounted for approx mately 800,000 

deaths worldw de (Il c and Il c, 2022). H stopatholog cally, gastr c neoplasms are class f ed nto three 

ma n subtypes: ntest nal, d ffuse, and ndeterm nate. The major ty of stomach adenocarc nomas (STAD) 

are of the ntest nal type, typ cally local zed n the antrum of the stomach and commonly assoc ated w th 

mailto:songulcamgoz24@gmail.com
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Hel cobacter pylor  nfect on. These subtypes generally ar se sporad cally and exh b t s gn f cant 

d fferences n terms of tumor et ology and prognos s (Santos et al., 2025).  

Gastr c cancer has a mult factor al et ology and s closely assoc ated w th l festyle and env ronmental 

factors. Major r sk factors nclude Hel cobacter pylor  (H. pylor ) nfect on, low soc oeconom c status, 

h gh consumpt on of salted and smoked foods, nadequate ntake of fru ts, vegetables, and d etary f ber, 

tobacco and alcohol use, phys cal nact v ty, obes ty, rad at on exposure, gastroesophageal reflux 

d sease, a pos t ve fam ly h story, and hered tary pred spos t on. Desp te these known assoc at ons, the 

molecular et ology of gastr c cancer rema ns ncompletely understood (Il c and Il c, 2022). 

Pat ents w th stomach adenocarc noma (STAD) are often d agnosed at advanced stages due to the 

presence of non-spec f c cl n cal symptoms and the lack of effect ve screen ng programs. Consequently, 

the average overall surv val (OS) t me n nd v duals w th metastat c d sease s l m ted to approx mately 

12 months (Santos et al., 2025).   

In recent years, advancements n surg cal techn ques, along w th mprovements n convent onal 

rad otherapy, chemotherapy, and neoadjuvant treatment approaches, have ncreased f ve-year surv val 

rates to over 95% n pat ents d agnosed w th gastr c cancer at an early stage. However, the low rates of 

early detect on lead to the major ty of cases be ng d agnosed at advanced stages, result ng n the loss of 

the opt mal w ndow for curat ve surg cal ntervent on. In th s context, although current treatment 

strateges for advanced-stage gastr c cancer have sh fted toward mult modal approachesð nclud ng 

comb nat ons of neoadjuvant chemorad otherapy, molecularly targeted agents, and mmunotherapeut c 

strateg es (Song et al., 2017) the l m ted surv val rates n advanced-stage gastr c cancer cases h ghl ght 

the necess ty of a deeper understandng of the molecular bas s of the d sease. In th s context, 

transcr pt on factors (TFs) are prote ns that b nd to DNA and play a fundamental role n regulat ng gene 

express on. Numerous transcr pt on factors, part cularly pro- nflammatory TFs and hypox a- nduc ble 

factors (HIFs), have been shown to play cr t cal roles n the regulat on of tumor n t at on and progress on 

across var ous cancer types (Cheng et al., 2022).  

ZNF518A (Z nc F nger Prote n 518A) s a nuclear transcr pt onal regulator that conta ns f ve z nc 

f nger mot fs. Th s prote n has the potent al to med ate nteract ons w th molecules nvolved n gene 

express on mechan sms that play a cr t cal role n the development and ma ntenance of cellular dent ty 

(Cheng et al., 2022). ZNF518A has also been recently reported to play a role n the format on of 

heterochromat n n per centromer c reg ons, wh ch s essent al for proper chromosome segregat on 

dur ng m tos s and me os s. Although ts exact role n cancer rema ns unclear, some stud es have shown 

that t s assoc ated w th cell prol ferat on and gene regulat on. In recent years, stud es have demonstrated 

that, n add t on to genet c mutat ons, ep genet c alterat ons also play a s gn f cant role n tumor 

development. Chromat n-mod fy ng complexes are key regulators of ep genet c processes. Two major 

h stone methyltransferase complexesðPolycomb Repress ve Complex 2 (PRC2) and the h stone-lys ne 

N-methyltransferases EHMT2 (G9A) and EHMT1 (GLP)ðpromote cell type-spec f c gene s lenc ng 

by add ng repress ve post-translat onal mod f cat ons to h stone ta ls at the promoters of target genes. 

ZNF518A has been reported to part c pate n th s nteract on (Ma er et al., 2015). 

In th s study, we a med to nvest gate whether the ZNF518A gene could serve as a prognost c 

b omarker n stomach adenocarc noma (STAD) by analyz ng ts express on levels, DNA methylat on 

status, and assoc at on w th surv val outcomes us ng b o nformat c analys s methods. 

MATERIAL AND METHODS 

Gene Express on Analys s 
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The TIMER 2.0 database was ut l zed to v sual ze gene express on levels across var ous types of cancer. 

The UALCAN database was employed to explore the express on of the ZNF518A gene n stomach 

adenocarc noma under d fferent cl n cal and patholog cal parameters. 

Correlat on Between ZNF518A Express on and Methylat on n Gastr c Cancer 

The SMART database was used to analyze the correlat on between gene express on and DNA 

methylat on. Spec f c CpG slands were exam ned, and the s gn f cance of the relat onsh p between 

express on and methylat on was evaluated. 

Gene Methylat on Analys s 

The SMART database was used to compare the methylat on levels of the ZNF518A gene at spec f c 

CpG slands between normal and tumor t ssues. 

Surv val Analyses  

Kaplan-Me er curves were used to v sual ze surv val outcomes, and log-rank tests were conducted to 

determ ne stat st cal s gn f cance (KM plotter). 

Stat st cal Analys s  

The student t-test was used to analyze the express on d fferences n normal and tumor t ssues of TCGA 

samples. The Logrank test was used to compare KM surv val curves and prognost c graphs of genet c 

changes. Stat st cally s gn f cant values were cons dered as: ****: p Ò 0.0001, ***: p Ò 0.001, **: p Ò 

0.01, *: p Ò 0.05. 

RESULTS 

Our results revealed that the ZNF518A gene s s gn f cantly d fferent ally expressed n var ous tumor 

t ssues compared to normal t ssues, as analyzed us ng the TIMER 2.0 database. In cancer types such as 

nvas ve breast carc noma (BRCA), cholang ocarc noma (CHOL), l ver hepatocellular carc noma 

(LIHC), stomach adenocarc noma (STAD), thyro d carc noma (THCA), and uter ne corpus endometr al 

carc noma (UCEC), ZNF518A express on was s gn f cantly upregulated n tumor t ssues compared to 

normal t ssues (p < 0.001). On the other hand, no stat st cally s gn f cant d fference n ZNF518A 

express on was observed between tumor and normal t ssues n prostate adenocarc noma (PRAD), lung 

squamous cell carc noma (LUSC), and several other cancer types (p > 0.05). 
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Fgure1: Relat ve express on of ZNF518A n tumor and normal t ssues. 

TIMER 2.0 (http://t mer.compgenom cs.org/t mer) was used to v sual ze ZNF518A express on across all cancer 

types. 

Red boxes represent ZNF518A express on levels n tumor t ssues, wh le blue boxes nd cate 

express on levels n normal t ssues. Stat st cal s gn f cance was nd cated as follows: ****: p Ò 0.0001, 

***: p Ò 0.001, **: p Ò 0.01, *: p Ò 0.05. 

Express on of the ZNF518A Gene n Normal and Tumor T ssues n Stomach Adenocarc noma 

(STAD) and Its Express on Accord ng to Tumor Grade 

Analys s us ng the UALCAN database revealed that the express on of the ZNF518A gene s s gn f cantly 

elevated n stomach adenocarc noma (STAD) t ssues compared to normal gastr c t ssues. The markedly 

h gher average transcr pt levels n tumor t ssues nd cate that th s gene s overexpressed n gastr c 

tumors. Th s f nd ng suggests that ZNF518A may play a potent al role n the pathogenes s of gastr c 

cancer (F gure 2). 

When compar ng the express on levels of the ZNF518A gene across d fferent tumor grades (Grade 

1ï3) n stomach adenocarc noma, a general trend of ncreased gene express on w th h gher tumor grade 

was observed. Notably, transcr pt levels of ZNF518A were s gnf cantly elevated n Grade 2 and Grade 

3 tumors compared to normal t ssue (F gure 3). 

 

http://timer.compgenomics.org/timer


II. Internat onal Data Sc ence and Informat on Technolog es 

Congress (INFTEC 2025) Budapest/Hungary May 22-23, 2025 

 

177 

 

F gure 2: Compar son of ZNF518A Express on Levels n STAD T ssues Us ng the UALCAN Database  

(P <1E-12) 

 

F gure 3: Analys s of ZNF518A Gene Transcr pt Levels Accord ng to Tumor Grade 

Surv val Analys s 

KaplanïMe er surv val curves were analyzed to evaluate the potent al mpact of ZNF518A gene 

express on on overall surv val n pat ents w th stomach adenocarc noma (STAD). The analys s was 

conducted us ng two d fferent ZNF518A probe sets (215644_at and 244132_x_at). Accord ng to the 

results obta ned, pat ents exh b t ng h gh levels of ZNF518A express on showed s gn f cantly poorer 

overall surv val, whereas nd v duals w th low ZNF518A express on had better surv val outcomes 

(F gure 4). 

These f nd ngs suggest that h gh express on of the ZNF518A gene may be assoc ated w th poor 

prognos s and potent ally play a s gn f cant role n tumor b ology. 

 

 

*** 
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F gure 4: Surv val Analys s of ZNF518A n STAD T ssues. 

Correlat on between ZNF518A gene express on and methylat on n sthomac cancer 

Correlat on analyses revealed stat st cally s gn f cant negat ve correlat ons between ZNF518A gene 

express on and several CpG methylat on s tes. Notably, at CpG s tes cg05953028, cg17330833, 

cg01457986, and cg19623264, ncreased methylat on levels were assoc ated w th a marked decrease n 

ZNF518A express on (F gure 5.) 

These results suggest that the express on level of the ZNF518A gene may be suppressed through 

ep genet c mechan sms, part cularly v a DNA methylat on. Furthermore, the "Aggregat on" analys s 

also revealed a s gn f cant negat ve relat onsh p between overall CpG methylat on levels and ZNF518A 

express on. 
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F gure 5: Correlat on analys s of gene express on and methylat on at spec f c CpG s tes of the 

ZNF518A gene.  

 

Compar son of Methylat on Levels of ZNF518A Across Normal and Tumor T ssues n STAD 

 

Based on the obta ned results, the methylat on levels of spec f c CpG s tes assoc ated w th the ZNF518A 

gene were compared between stomach adenocarc noma (STAD) t ssues and normal t ssues. The analys s 

revealed that methylat on levels at cg20427983 and cg15538779 were s gn f cantly decreased n tumor 

t ssues compared to normal t ssues, nd cat ng hypomethylat on. Add t onally, several CpG s tes showed 

p-values approach ng stat st cal s gn f cance (e.g., cg09658147; aggregat on, p = 0.051). 

These f nd ngs nd cate that tumor-spec f c hypomethylat on patterns ex st at certa n CpG s tes of the 

ZNF518A gene, and that these ep genet c alterat ons may be assoc ated w th ts overexpress on. 
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F gure 6: Compar son of methylat on levels at CpG s tes. 

DISCUSSION AND CONCLUSION 

In th s study, the potent al role of the ZNF518A gene n stomach adenocarc noma (STAD) was evaluated 

through b o nformat cs-based n s l co analyses, focus ng on gene express on, DNA methylat on, and 

surv val data.  Analyses conducted us ng the TIMER 2.0 and UALCAN databases demonstrated that 

ZNF518A gene express on s s gn f cantly elevated n gastr c tumor t ssues compared to normal gastr c 

t ssues. Th s f nd ng suggests that ZNF518A may be transcr pt onally act ve n tumor cells and 

potent ally nvolved n tumor development.  

KaplanïMe er analyses revealed that stomach adenocarc noma (STAD) pat ents w th h gh ZNF518A 

express on exh b ted s gn f cantly reduced overall surv val. These f nd ngs support the potent al of 

ZNF518A as a negat ve prognost c b omarker. Ep genet c analyses dent f ed hypomethylat on at several 

CpG s tes assoc ated w th the ZNF518A gene, and negat ve correlat ons were observed between gene 

express on and methylat on levels.  

Although ZNF518A has not been extens vely stud ed n the context of cancer-related mechan sms, 

the present f nd ngs suggest that t may serve as a potent al b omarker and an ep genet cally regulated 

target gene n stomach adenocarc noma. 
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Abstract 

 

In this study, numerical simulation and machine learning based analyses were performed to determine 

the ballistic properties of alumina ceramic armors. Ballistic analyses were performed at high speeds 

with cylindrical bullets of different sizes on ceramic armors using Ansys autodyn software. As a result 

of numerical simulations, a data set was created for the residual velocities that occur depending on the 

ceramic thickness and bullet velocity. The obtained data was used to train the Multi-Layer Perceptron 

(MLP) model. It was aimed to estimate the residual velocity values that occur after the bullet impact. 

Bullet model, bullet velocity and ceramic thickness were selected as input parameters. The residual 

velocity was evaluated as the output parameter. 70% of the data was used for training and 30% for 

testing. As a result of the study, it was emphasized that MLP algorithms are an effective method in 

determining the ballistic properties of ceramic armors. 

Key words: (Ballistic, Artificial neural networks, Finite element method, Ansys autodyn) 

INTRODUCTION 

Protect on aga nst ball st c threats s of great mportance n m l tary and secur ty f elds. Trad t onal metal 

armors are ncreas ngly be ng replaced by l ghter and more effect ve mater als. In th s context, ceram cs 

stand out n ball st c protect on systems due to the r h gh hardness, fracture toughness and low dens ty 

(Crouch, 2006). These mater als are w dely used espec ally n personal protect ve equ pment (body 

armor), armored veh cles and av at on appl cat ons. Unl ke metals and polymers, ceram cs are norgan c, 

crystall ne or amorphous mater als cons st ng of atoms bonded together by on c and/or covalent bonds. 

These propert es prov de them w th advantages such as h gh hardness, h gh melt ng po nt, chem cal 

res stance and low thermal conduct v ty (R cherson, 1992). However, s nce they are also br ttle, they 

can be broken w thout undergo ng plast c deformat on. The most commonly used ceram c mater als n 

ball st c appl cat ons are alum na, s l con carb de and boron carb de ceram cs. Ceram cs are used as part 

of ñhard-faced armor systemsò to protect aga nst k net c energy mun t ons. Typ cally, a ceram c layer s 

comb ned w th an energy-absorb ng compos te or metal back ng. When the ammun t on shots the 

ceram c, the h gh hardness causes the bullet core to shatter, then the energy s d ss pated by the ceram c 

break ng (Chen et al., 2009). 

Hazell et al. (2007) analyzed the res stance of 99% pure monol th c alum na sheets aga nst 7.62 mm 

AP (armor-p erc ng) ammun t on n the r study. The r f nd ngs showed that pure alum na can destroy the 

bullet core, but ts effect veness decreases f the ceram c does not have a support to l m t crack 

propagat on after break ng. 

Crouch (2006) also evaluated the performance of alum na sheets alone and stated that desp te the 

h gh hardness, the tendency to br ttle fracture l m ts ball st c performance. In th s study, t was 

emphas zed that res stance aga nst penetrat ng bullets ncreased s gn f cantly as the th ckness was 

ncreased, but the opt mum desgn n terms of we ght/protect on balance was mportant. 
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Ben-Dor et al. (2005) stud ed 10 mm th ck S C sheets n a monol th c structure, and n the tests 

conducted aga nst 5.56 mm and 7.62 mm ammun t on, t was observed that S C eroded the bullet core 

by eros on and then the sheet was broken nto p eces w th a crack network. The study showed that the 

hardness of the ceram c was effect ve n the f rst stage of deformat on due to the pressure t created on 

the bullet. 

Muscatell  et al. (2010) tested monol th c S C sheets produced at d fferent s nter ng temperatures 

comparat vely and reported that h gh dens ty, low poros ty samples prov ded more successful energy 

absorpt on. 

Hazen et al. (2012), n h s study on boron carb de plates, stated that ceram cs performed successfully 

aga nst 7.62 mm NATO ammun t on thanks to the r ultra-hard structure, but crack format on spread 

rap dly throughout the plate after mpact. The study revealed that monol th c BϞC not only fragmented 

the core, but also had a deflect ng effect on the bullet. 

Gupta et al. (2016), n h s study exam n ng the relat onsh p between m crostructure propert es and 

ball st c res stance of BϞC ceram c plates, showed that samples w th smaller gra n s zes had h gher crack 

n t at on res stance, but the progress ve fracture behav or was d rectly related to poros ty. 

In th s study, the effects of parameters such as ceram c th ckness, bullet type and bullet veloc ty on 

the ball st c performance of alum na mater al used n ceram c armor systems were nvest gated 

comprehens vely. Mach ne learn ng-based model ng techn ques such as art f c al neural networks 

(ANN) were used to est mate the res dual velocty data obta ned as a result of ball st c tests and 

numer cal analyzes. In th s way, the effects of d fferent parameter comb nat ons on ball st c performance 

were made predctable. 

MATERIAL AND METHODS 

In th s study, the ball st c propert es of 3 d fferent cyl ndr cal bullets and 6 d fferent th cknesses of 

alum na ceram c armors were analyzed w th the Ansys/autodyn module. Bullets used n numer cal 

analys s stud es n the l terature were used n the analyses. Bullets and armors are g ven n F gure 1. 

Alum na mater al propert es were ass gned from the Ansys l brary for the ceram c mater al. Steel4340 

mater al n the Ansys l brary was selected for the bullet. The propert es of both mater als are g ven n 

Fgure 2 and F gure 3. 

 

F gure 1. 3D models of bullets and ceram c armor 
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F gure 2. Steel4340 mater al propert es 

 

 

F gure 3. Alum na mater al propert es 
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A fr ct on coeff c ent of 0.2 was ass gned between the bullet and the armor. The ceram c armor was 

supported by f xed support from all corners. The bullets shot the ceram cs w th veloc t es of 800, 900 

and 1000 m/s. Res dual veloc t es were obta ned as a result of the analys s. The nterface of the Autodyn 

module where the analyses were performed s g ven n F gure 4. 

 

F gure 4. Ball st c analys s nterface 

 

F gure 5. ANN network structure 

ANN model ng was performed us ng WEKA software w th the obta ned res dual veloc ty values. 

Bullet d ameter, bullet veloc ty and ceram c th ckness were used as nput parameters n ANN. D fferent 

h dden layer var at ons were tr ed. And res dual veloc ty was selected as the output parameter. ANN 

network structure s g ven n F gure 5. 
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RESULTS 

Shots were f red at 3 d fferent speeds w th 3 d fferent cyl ndr cal bullets aga nst 10, 11, 12, 13, 14 and 

15 mm th ck alum na ceram c armor. As a result of the analys s performed w th the Ansys autodyn 

module, full penetrat on was observed for all armors for all speeds and bullets. The full penetrat on and 

deformat on n the armor are seen n F gure 6. 

 

Figure 6. Views before and after shot 

Table 1. ANN network structure and results for residual velocity estimation. 
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Table 1 presents twelve separate MLP models developed as part of the ANN optimization process. 

Each model was built using WEKA software with varying parameter configurations. These parameters 

include the learning rate, momentum value, and the basic components of the network structure. While 

the learning rate controls the learning rate of the model, the momentum value affects the update rate of 

the weights, and the network structure determines the depth and complexity of the model. During the 

optimization process, the performance of each model was evaluated on the test dataset. This evaluation 

was made based on important error metrics such as linear correlation coefficient (R), mean absolute 

error (MAE), and root mean square error (RMSE). These metrics measure the differences between the 

predicted values of the model and the actual values and reveal the accuracy of the model. As a result of 

the tests, it was observed that Model 13 exhibited lower error rates in terms of MAE, MAPE, and RMSE 

values compared to the other models. As a result, Model 13 was determined as the most suitable model 

for the MLP approach. This optimization process increased the accuracy of ballistic analyses and 

contributed to improved efficiency and faster computations. The superior performance of Model 13 

further highlights the potential of the MLP method in advancing ballistic analysis. Figure 7 shows the 

interface of the WEKA software, where the machine learning method is implemented. 

 

Figure 7.  WEKA Software interface 
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Figure 8. Residual velocity estimation results with ANN method 

 

Figure 8 presents the residual velocity estimation results for both training and testing sets using the 

ANN method. From Figure 8, it can be seen that the ANN method achieved an R value of 0.9979, a 

MAE of 13.4448, and a RMSE of 16.7098 for the training set. For the testing set, the MLP method 

produced an R value of 0.9937, a MAE of 23.2923, and a RMSE of 28.7752. 

 

Figure 9. Estimation errors 

Figure 9 shows the residual speed estimation errors obtained using the ANN method. The error values 

on the Y-axis represent the difference between the predicted and FEA residual speed values. A larger 

deviation from the zero point on the Y-axis indicates poorer estimation performance, while a smaller 

deviation indicates superior estimation accuracy.  
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DISCUSSION AND CONCLUSION 

In th s study, the effects of ceram c th ckness, bullet type and bullet veloc ty on the ball st c propert es 

of alum na armors were nvest gated. ANN, one of the mach ne learn ng methods, was also used to 

est mate the res dual veloc ty values obta ned from the analyses. Accord ng to the results obta ned from 

the analyses: 

Å Full penetrat on was observed n all armors. 

Å Rad al fractures occurred n ceram c armors. 

Å Mushroom ng effect was observed n bullets. 

Å As the bullet d ameter ncreases, the res dual veloc ty value ncreases. 

Å As the bullet mpact speed ncreases, the res dual veloc ty value ncreases. 

Å ANN gave good results n res dual veloc ty est mat on. 

Å ANN opt m zat on reduced the est mat on error rate. 
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Abstract 

 

In this study, static structural analyses were performed with the implant design made in the Ansys 

Workbench program by creating a fracture model with 3 different thicknesses in the middle of the tibia 

shaft. 316L SS and Tiï6Alï4V alloy materials were used as implant and screw materials. All materials 

were assumed to be isotropic and linear elastic in the analysis. Axial loads from 500 N to 1000 N 

simulating an adult standing on one leg were applied to the fractured tibia model to represent the body 

weights of people with different kilograms. As a result of finite element analysis (FEA), the mechanical 

behaviors of different implant and biomaterial combinations were compared by considering the 

maximum stress values occurring in the implants and screws. It was found that the maximum stress value 

in implants with 316L SS material properties was higher than the maximum stress value in Ti-6Al-4V 

alloy implants. 

 

Key words: (Biomedicine, Ansys, Finite element analysis, Static structural analyses) 

 

INTRODUCTION 

T b al shaft fractures represent one of the most prevalent long bone njur es n adult populat ons, 

account ng for approx mately 15% of all adult fractures (Economedes et al., 2014). These njur es 

frequently result from h gh-energy trauma, such as motor veh cle coll s ons or falls from s gn f cant 

he ghts, and are assoc ated w th complex soft t ssue nvolvement and substant al b omechan cal 

d srupt on. Due to the nature of these mechan sms, t b al d aphyseal fractures pose s gn f cant cl n cal 

challenges not only dur ng the acute phase but also throughout the long-term rehab l tat on per od. 

Prolonged hosp tal zat on, r sk of delayed un on or non-un on, permanent funct onal mpa rment, and 

elevated healthcare costs render these fractures a major concern for orthoped c trauma management. 

The treatment of t b al shaft fractures nvolves a spectrum of both surg cal and conservat ve 

modal t es. Select on of the appropr ate method s h ghly dependent on fracture character st cs (e.g., 

pattern, locat on, and whether the fracture s open or closed), as well as pat ent-spec f c factors such as 

age, bone qual ty, comorb d t es, and surgeon expert se. The most commonly employed surg cal 

ntervent ons nclude ntramedullary (IM) na l ng, plate and screw f xat on, and external f xat on. In 

select low-energy, m n mally d splaced fracture cases, conservat ve management through long-leg 

cast ng or funct onal brac ng may be appropr ate (L  et al., 2014; Beard  et al., 2008). 
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Plate osteosynthes s requ res careful cons derat on of several b omechan cal var ables that nfluence 

construct stab l ty: plate pos t on ng (e.g., med al vs. lateral), plate span length, the number and type of 

screws (lock ng vs. cort cal, un cort cal vs. b cort cal), screw placement strategy, and overall mplant 

st ffness. These parameters collect vely determ ne the load-shar ng behav or and nterfragmentary 

mot on at the fracture s te, wh ch are cr t cal to the b olog cal heal ng process. 

In add t on to exper mental stud es, computat onal approaches such as F n te Element Analys s (FEA) 

have become ncreas ngly valuable for evaluat ng the mechan cal performance of d fferent f xat on 

conf gurat ons. FEA enables deta led assessment of stress d str but on, deformat on, and m cromot on 

under phys olog cal load ng cond t ons, thereby prov d ng ns ghts nto opt mal mplant des gns and 

placement strateg es that are d ff cult to capture n v vo or through cadaver c stud es (Ol­ar et al., 2024). 

In th s study, nternal f xat on v a plate and screw constructs was employed us ng two w dely 

nvest gated b omater als: Tï6Alï4V t tan um alloy and 316L sta nless steel. Both mater als are 

extens vely used n orthoped c mplantology due to the r favorable b omechan cal and b ocompat b l ty 

propert es, yet they exh b t d st nct d fferences n elast c modulus, corros on res stance, and 

osseo ntegrat on potent al. 

MATERIAL AND METHODS 

In th s study, 3D model ng of t b a, mplants and cort cal screws was performed w th Ansys/SpaceCla m 

module and stat c structural analys s was performed n Ansys Workbench. All mater als were assumed 

to be sotrop c and l nearly elast c n the analys s. Two d fferent b omater als, Tï6Alï4V and 316L 

sta nless steel, were def ned for mplants and cort cal screws. Tï6Alï4V alloy and 316L sta nless steel 

were selected as mplant mater als n th s study because they are w dely used n b omed cal appl cat ons 

due to the r super or mechan cal propert es and proven b ocompat b l ty. Tï6Alï4V has a Young's 

modulus of 114 GPa, a Po sson's rat o of 0.34 and a y eld stress of 830 MPa (Oken et al., 2011). 316L 

SS has a Young's modulus of 193 GPa, a Po sson's rat o of 0.28 and a y eld stress of 332 MPa (Oken et 

al., 2011; Mohammad et al., 2013). T b al Cort cal Bone has a Young modulus of 20 GPa, a Po sson 

rat o of 0.3, and a y eld stress of 120 MPa (Benl  et al., 2008; Be llas et al., 2001). The mechan cal 

propert es of all mater als are shown n Table 1. Three d fferent fractures were def ned n the t b al shaft 

as 2, 4, and 6 mm. The mplant was placed centered at the fracture center. The v sual of the three d fferent 

fractures and mplant placement s g ven n F gure 1 and the mplant and cort cal screw are g ven n 

F gure 2. 

Table 1. Mechan cal propert es of mater als. 

Mater als Young's modulus (GPa) Po sson rat o Y eld strength (MPa) 

T b a Cort cal Bone 20 0.3 120 

Tï6Alï4V 114 0.34 830 

316L SS 193 0.28 332 
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F gure 1. D fferent fracture values 

 

 

F gure 2. V ew of mplant 

F gure 3 shows the load ng status and support types appl ed to the T b a shaft. A total of 6 d fferent 

human we ghts were taken as reference, ncreas ng by 10 kg from 50 kg to 100 kg. Structural analyzes 

were performed to measure the stress values occurr ng n the mplant by apply ng forces between 500 

N and 1000 N. 
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F gure 3. Alum na mater al propert es 

 

RESULTS 

Th s study was performed us ng Ansys/Workbench, a powerful software for eng neer ng s mulat ons and 

analyses. The stresses developed n the mplants were nvest gated by apply ng ax al compress ve forces 

of 500 N, 600 N, 700 N, 800 N, 900 N and 1000 N to the apex of the d stal t b a n full extens on. F gure 

4 shows the stress values for 6 d fferent load ng cond t ons n 316 L mplants for a 2 mm fracture gap. 

F gure 5 shows the stress values for 6 d fferent load ng cond t ons n T 6Al4V mplants for a 2 mm 

fracture gap. F gure 6 shows the stress values for 6 d fferent load ng cond t ons n 316 L mplants for a 

4 mm fracture gap. F gure 7 shows the stress values for 6 d fferent load ng cond t ons n T 6Al4V 

mplants for a 4 mm fracture gap. F gure 8 shows the stress values for 6 d fferent load ng cond t ons n 

316 L mplants for a 6 mm fracture gap. F gure 9 shows the stress values for 6 d fferent load ng 

cond t ons n T 6Al4V mplants for a 6 mm fracture gap. 
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Figure 4. Maximum stress values for 316 L (t=2 mm) 

 

 

Figure 5. Maximum stress values for Ti6Al4V (t=2 mm) 

 

 




































































































































































































































































































































































































































































































