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AbstŘact  

DiČital adv—ŘtisiĲČ platċoŘıs iĲcŘ—asiĲČlƅ Ř—lƅ oĲ pŘopŘi—taŘƅ data aĲd iĲċŘastŘuctuŘ— to 
of—Ř advaĲc—d caıpaiČĲ pŘ—dictioĲ aĲd optiıisatioĲ ċ—atuŘ—s, ıakiĲČ such tools out 
oċ Ř—ach ċoŘ sıall—Ř adv—Řtis—Řs aĲd iĲd—p—Ĳd—Ĳt Ř—s—aŘch—Řs. This pŘoj—ct —ƄploŘ—s 
wh—th—Ř siıilaŘ capabiliti—s caĲ b— achi—v—d usiĲČ oĲlƅ sƅĲth—tic data aĲd op—Ĳ-souŘc— 
t—chĲoloČi—s. A ċullƅ iĲt—Řactiv— StŘ—aılit dashboaŘd was d—v—lop—d to siıulat— a 
caıpaiČĲ iĲt—lliČ—Ĳc— platċoŘı, allowiĲČ us—Řs to visualis— 9xIs, Č—Ĳ—Řat— pŘ—dictioĲs, 
aĲd Ř—c—iv— optiıisatioĲ Ř—coıı—ĲdatioĲs. Th— sƅst—ı l—v—ŘaČ—s a sƅĲth—tic datas—t 
ıod—ll—d oĲ Ř—al adv—ŘtisiĲČ tŘ—Ĳds. It iĲclud—s s—v—Řal ıachiĲ— l—aŘĲiĲČ ıod—ls, such 
as liĲ—aŘ Ř—ČŘ—ssioĲ, ŘaĲdoı ċoŘ—st, aĲd XGBoost, ċoŘ pŘ—dictiĲČ succ—ss scoŘ—s aĲd 
click-thŘouČh Řat—s ϼCTRϽ. AdditioĲallƅ, a T—ĲsoŘFlow-bas—d Ĳ—uŘal Ĳ—twoŘk coıbiĲ—d 
with SHAx —ƄplaiĲabilitƅ was us—d to pŘovid— iĲt—ŘpŘ—tabl— post-ŘuĲ optiıisatioĲ 
suČČ—stioĲs. Whil— Ř—al-woŘld b—ĲchıaŘkiĲČ was b—ƅoĲd th— scop— du— to th— us— oċ 
sƅĲth—tic data, th— pŘoj—ct succ—ssċullƅ d—ıoĲstŘat—s th— t—chĲical ċ—asibilitƅ aĲd 
pot—Ĳtial valu— oċ aĲ op—Ĳ, tŘaĲspaŘ—Ĳt alt—ŘĲativ— to coıı—Řcial caıpaiČĲ aĲalƅtics 
platċoŘıs. 
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͐. IĲtroductioĲ 

͐.͐. xroject Goal 
Th— Čoal oċ this pŘoj—ct is to iĲv—stiČat— wh—th—Ř it is ċ—asibl— to Ř—plicat— k—ƅ ċuĲctioĲaliti—s oċ 
coıı—Řcial adv—ŘtisiĲČ iĲt—lliČ—Ĳc— platċoŘıs, sp—ciicallƅ pŘ—dictioĲ, visualisatioĲ, aĲd 
optiıisatioĲ oċ caıpaiČĲ p—ŘċoŘıaĲc—, usiĲČ oĲlƅ publiclƅ availabl— tools aĲd sƅĲth—tic data. 
Th— pŘoj—ct aiıs to chall—ĲČ— th— pŘ—vailiĲČ assuıptioĲ that hiČh-p—ŘċoŘıaĲc— caıpaiČĲ 
iĲt—lliČ—Ĳc— Ř—ŗuiŘ—s acc—ss to pŘopŘi—taŘƅ datas—ts oŘ advaĲc—d iĲċŘastŘuctuŘ—. Bƅ d—siČĲiĲČ a 
ċullƅ ċuĲctioĲal pŘototƅp— sƅst—ı, iĲcludiĲČ a pŘ—dictiv— —ĲČiĲ—, a us—Ř-ċaciĲČ dashboaŘd, aĲd a 
data siıulatioĲ ċŘaı—woŘk, this pŘoj—ct s——ks to d—ıoĲstŘat— th— pot—Ĳtial ċoŘ buildiĲČ ċŘ——, 
tŘaĲspaŘ—Ĳt, aĲd acc—ssibl— alt—ŘĲativ—s. Th— bŘoad—Ř obj—ctiv— is to d—ıocŘatis— acc—ss to 
caıpaiČĲ aĲalƅtics aĲd —ıpow—Ř sıall—Ř adv—Řtis—Řs, d—v—lop—Řs, aĲd Ř—s—aŘch—Řs who aŘ— 
oċt—Ĳ —Ƅclud—d ċŘoı coıı—Řcial solutioĲs du— to cost aĲd data liıitatioĲs. 

͐.͑. MotivatioĲ 

Mod—ŘĲ diČital adv—ŘtisiĲČ platċoŘıs Ř—lƅ h—avilƅ oĲ opaŗu—, pŘopŘi—taŘƅ iĲċŘastŘuctuŘ— aĲd data, 
which Ř—stŘicts acc—ss ċoŘ sıall—Ř plaƅ—Řs aĲd liıits tŘaĲspaŘ—Ĳcƅ. Th—s— sƅst—ıs oċt—Ĳ op—Řat— 



as "black boƄ—s," pŘovidiĲČ outcoı—s without —ƄposiĲČ th— loČic b—hiĲd pŘ—dictioĲs oŘ 
Ř—coıı—ĲdatioĲs. IĲ liČht oċ iĲcŘ—asiĲČ calls ċoŘ alČoŘithıic accouĲtabilitƅ aĲd data —thics, this 
pŘoj—ct —ƄploŘ—s th— pot—Ĳtial ċoŘ op—Ĳ, iĲt—ŘpŘ—tabl— tools that caĲ suppoŘt caıpaiČĲ 
iĲt—lliČ—Ĳc— without Ř—lƅiĲČ oĲ pŘivat— data oŘ —Ƅclusiv— —cosƅst—ıs. A ıoŘ— d—tail—d discussioĲ 
oċ this coĲt—Ƅt aĲd its iıplicatioĲs is pŘovid—d iĲ S—ctioĲ ͑ ϼBackČŘouĲdϽ. 

 

͐.͒. xroject Objectives 

This pŘoj—ct aiıs to ı——t th— ċollowiĲČ obj—ctiv—s: 

• UĲd—ŘstaĲd Ř—al-woŘld adv—ŘtisiĲČ dƅĲaıics to iĲċoŘı datas—t siıulatioĲ, usiĲČ 
coııoĲ 9xIs such as click-thŘouČh Řat— ϼCTRϽ, cost-p—Ř-iıpŘ—ssioĲ ϼCxIϽ, aĲd us—Ř 
—ĲČaČ—ı—Ĳt. 

• CŘ—at— a sƅĲth—tic datas—t ıod—ll—d oĲ iĲdustŘƅ b—ĲchıaŘks to allow coĲtŘoll—d ƅ—t 
Ř—alistic —Ƅp—Řiı—ĲtatioĲ. 

• D—v—lop a StŘ—aılit dashboaŘd as th— sƅst—ıЍs ċŘoĲt-—Ĳd, —ĲabliĲČ iĲt—Řactiv— 
visualisatioĲ, pŘ—dictioĲ, aĲd optiıisatioĲ. 

• TŘaiĲ pŘ—dictiv— ıod—ls ϼ—.Č., liĲ—aŘ Ř—ČŘ—ssioĲ, ŘaĲdoı ċoŘ—st, XGBoostϽ to —stiıat— 
succ—ss ı—tŘics ċŘoı caıpaiČĲ coĲiČuŘatioĲs. 

• Iıpl—ı—Ĳt a d——p l—aŘĲiĲČ-bas—d optiıis—Ř usiĲČ T—ĲsoŘFlow aĲd SHAx to Č—Ĳ—Řat— 
p—ŘċoŘıaĲc—-iıpŘoviĲČ Ř—coıı—ĲdatioĲs. 

• Evaluat— th— sƅst—ıЍs pŘacticalitƅ aĲd accuŘacƅ iĲ Ř—plicatiĲČ coŘ— ċuĲctioĲs oċ 
pŘopŘi—taŘƅ platċoŘıs withiĲ th— coĲstŘaiĲts oċ sƅĲth—tic data aĲd op—Ĳ tools. 

 

Each obj—ctiv— is —ƄploŘ—d iĲ ıoŘ— t—chĲical d—pth thŘouČhout S—ctioĲs ͒ ϼM—thodoloČƅϽ aĲd ͓ 
ϼEvaluatioĲϽ. 

 

͐.͓. TarČet AudieĲce 

This pŘoj—ct is d—siČĲ—d ċoŘ a bŘoad ŘaĲČ— oċ us—Řs who ıaƅ lack acc—ss to —Ĳt—ŘpŘis—-l—v—l 
aĲalƅtics tools but still Ř—ŗuiŘ— actioĲabl— adv—ŘtisiĲČ iĲsiČhts: 

• IĲd—p—Ĳd—Ĳt Adv—Řtis—Řs aĲd SMES: Thos— s——kiĲČ afoŘdabl—, us—Ř-ċŘi—Ĳdlƅ alt—ŘĲativ—s 
to platċoŘı-Ĳativ— tools. 

• R—s—aŘch—Řs aĲd EducatoŘs: IĲdividuals ċocus—d oĲ studƅiĲČ diČital ıaŘk—tiĲČ tŘ—Ĳds oŘ 
t—achiĲČ data-dŘiv—Ĳ d—cisioĲ-ıakiĲČ. 

• Data Sci—Ĳc— aĲd ML xŘactitioĲ—Řs: xŘoċ—ssioĲals iĲt—Ř—st—d iĲ applƅiĲČ ıachiĲ— 
l—aŘĲiĲČ to caıpaiČĲ data usiĲČ op—Ĳ, Ř—pŘoducibl— ı—thods. 

Bƅ pŘoıotiĲČ acc—ssibilitƅ aĲd tŘaĲspaŘ—Ĳcƅ, th— sƅst—ı aiıs to suppoŘt iĲd—p—Ĳd—Ĳt 
—Ƅp—Řiı—ĲtatioĲ, iĲċoŘı—d d—cisioĲ-ıakiĲČ, aĲd op—Ĳ Ř—s—aŘch iĲ diČital adv—ŘtisiĲČ. 

͐.͔. AssuıptioĲs aĲd coĲstraiĲts 

To Čuid— d—v—lopı—Ĳt, th— pŘoj—ct op—Řat—s uĲd—Ř s—v—Řal k—ƅ assuıptioĲs: 



• SƅĲth—tic data caĲ appŘoƄiıat— th— patt—ŘĲs oċ Ř—al caıpaiČĲ data sufici—Ĳtlƅ ċoŘ 
ıod—lliĲČ aĲd —valuatioĲ. 

• Us—Řs hav— basic ċaıiliaŘitƅ with adv—ŘtisiĲČ 9xIs. 
• Op—Ĳ-souŘc— tools ϼ—.Č., StŘ—aılit, scikit-l—aŘĲ, T—ĲsoŘFlowϽ aŘ— capabl— oċ suppoŘtiĲČ 

th— iĲt—Ĳd—d sƅst—ı ċuĲctioĲalitƅ. 

CoĲstŘaiĲts iĲclud—: 

• No us— oċ pŘopŘi—taŘƅ oŘ p—ŘsoĲal data, du— to —thical aĲd Ř—ČulatoŘƅ coĲsid—ŘatioĲs ϼs—— 
S—ctioĲs ͐.͕ aĲd ͑.͔Ͻ. 

• Liıit—d coıputatioĲal Ř—souŘc—s, Ř—stŘictiĲČ ıod—l coıpl—Ƅitƅ aĲd data voluı—. 

• Acad—ıic tiı—liĲ—, Ř—ŗuiŘiĲČ pŘioŘitisatioĲ oċ coŘ— ċ—atuŘ—s ov—Ř ċull pŘoduct Ř—iĲ—ı—Ĳt. 

Th—s— assuıptioĲs aĲd coĲstŘaiĲts aŘ— discuss—d ċuŘth—Ř iĲ th— coĲt—Ƅt oċ th— sƅst—ıЍs d—siČĲ 
iĲ S—ctioĲ ͒ ϼM—thodoloČƅϽ. 

 

͐.͕. Ethical CoĲsideratioĲs 

Th— pŘoj—ct was d—siČĲ—d with a pŘivacƅ-iŘst appŘoach. No p—ŘsoĲal oŘ s—Ĳsitiv— data was 
coll—ct—d oŘ pŘoc—ss—d. IĲst—ad, all tŘaiĲiĲČ aĲd t—stiĲČ w—Ř— coĲduct—d usiĲČ sƅĲth—tic data 
iĲċoŘı—d bƅ public souŘc—s, iĲcludiĲČ d—ıoČŘaphic patt—ŘĲs ċŘoı th— U9 Ofic— ċoŘ NatioĲal 
Statistics ϼONSϽ. Th— ONS data is ċŘ——lƅ availabl— uĲd—Ř th— Op—Ĳ Gov—ŘĲı—Ĳt Lic—Ĳc—, 
—ĲsuŘiĲČ l—Čal aĲd —thical coıpliaĲc—. Bƅ avoidiĲČ Ř—al us—Ř data aĲd usiĲČ oĲlƅ op—Ĳ-souŘc— 
t—chĲoloČi—s, th— pŘoj—ct suppoŘts Ř—spoĲsibl— AI d—v—lopı—Ĳt aĲd data tŘaĲspaŘ—Ĳcƅ. BŘoad—Ř 
—thical iıplicatioĲs aĲd iĲdustŘƅ coĲc—ŘĲs aŘ— ċuŘth—Ř —ƄaıiĲ—d iĲ S—ctioĲ ͑.͔ ϼCoĲstŘaiĲtsϽ 
aĲd S—ctioĲ ͑.͕ ϼEƄistiĲČ SolutioĲs aĲd LiıitatioĲsϽ. 

 

͐.͖. Structure oċ report  
This Ř—poŘt is stŘuctuŘ—d to pŘovid— a cl—aŘ aĲd loČical pŘoČŘ—ssioĲ ċŘoı th— pŘoj—ct's ıotivatioĲ 
aĲd obj—ctiv—s thŘouČh to iıpl—ı—ĲtatioĲ, —valuatioĲ, aĲd Ř—l—ctioĲ. It coĲsists oċ th— 
ċollowiĲČ k—ƅ s—ctioĲs: 

• S—ctioĲ ͑ ϳ BackČŘouĲd: This s—ctioĲ coĲt—Ƅtualis—s th— pŘoj—ct withiĲ th— bŘoad—Ř 
diČital adv—ŘtisiĲČ laĲdscap—, id—ĲtiċƅiĲČ —ƄistiĲČ pŘobl—ıs with tŘaĲspaŘ—Ĳcƅ, —ƄploŘiĲČ 
Ř—l—vaĲt th—oŘi—s, aĲd Ř—vi—wiĲČ cuŘŘ—Ĳt solutioĲs aĲd th—iŘ liıitatioĲs. 

• S—ctioĲ ͒ ϳ M—thodoloČƅ: D—scŘib—s th— t—chĲical iıpl—ı—ĲtatioĲ oċ th— sƅst—ı, 
iĲcludiĲČ th— d—siČĲ oċ th— sƅĲth—tic datas—t, sƅst—ı aŘchit—ctuŘ—, dashboaŘd 
ċuĲctioĲalitƅ, aĲd ıachiĲ— l—aŘĲiĲČ ıod—ls us—d ċoŘ pŘ—dictioĲ aĲd optiıisatioĲ. 

• S—ctioĲ ͓ ϳ R—sults aĲd EvaluatioĲ: xŘ—s—Ĳts a d—tail—d aĲalƅsis oċ th— ıod—l 
p—ŘċoŘıaĲc— usiĲČ both ŗuaĲtitativ— aĲd ŗualitativ— ı—thods. This iĲclud—s pŘ—dictiv— 
accuŘacƅ, cŘoss-validatioĲ, SHAx-bas—d iĲt—ŘpŘ—tabilitƅ, aĲd a usabilitƅ Ř—vi—w oċ th— 
dashboaŘd iĲt—Řċac—. 

 



• S—ctioĲ ͔ ϳ CoĲclusioĲs aĲd FutuŘ— WoŘk: SuııaŘis—s th— ıaiĲ achi—v—ı—Ĳts oċ th— 
pŘoj—ct, discuss—s th— liıitatioĲs —ĲcouĲt—Ř—d, aĲd pŘopos—s diŘ—ctioĲs ċoŘ ċutuŘ— 
d—v—lopı—Ĳt aĲd Ř—s—aŘch. 

• S—ctioĲ ͕ ϳ R—l—ctioĲ oĲ L—aŘĲiĲČ: xŘovid—s a p—ŘsoĲal Ř—l—ctioĲ oĲ th— l—aŘĲiĲČ 
outcoı—s, chall—ĲČ—s ov—Řcoı—, aĲd skills d—v—lop—d thŘouČhout th— pŘoj—ct. 

• S—ctioĲs ͖ aĲd ͗ ϳ App—Ĳdic—s aĲd R—ċ—Ř—Ĳc—s: CoĲtaiĲ suppl—ı—ĲtaŘƅ ıat—Řials, 
iĲcludiĲČ iıpl—ı—ĲtatioĲ iĲstŘuctioĲs aĲd souŘc— Ř—ċ—Ř—Ĳc—s, to suppoŘt th— Ř—ad—ŘЍs 
uĲd—ŘstaĲdiĲČ aĲd —Ĳabl— Ř—pŘoducibilitƅ. 

 

This stŘuctuŘ— —ĲsuŘ—s that both t—chĲical aĲd ĲoĲ-t—chĲical Ř—ad—Řs caĲ ċollow th— 
d—v—lopı—Ĳt, —Ƅ—cutioĲ, aĲd iıplicatioĲs oċ th— pŘoj—ct. 

 

͑. BackČrouĲd 

͑.͐. Wider coĲteƄt oċ the project 

Ov—Ř th— past d—cad—, diČital adv—ŘtisiĲČ has Řapidlƅ b—coı— th— doıiĲaĲt ċoŘc— iĲ Člobal ad 
sp—Ĳd. IĲ ͑͏͓͑, GooČl— aĲd M—ta accouĲt—d ċoŘ ov—Ř £͕͑ billioĲ oċ th— U9's £͓͒ billioĲ 
adv—ŘtisiĲČ ıaŘk—t. Th—iŘ platċoŘıs hav— b—coı— —ss—Ĳtial to caıpaiČĲ d—ploƅı—Ĳt, 
optiıisatioĲ, aĲd aĲalƅtics. [͐] 

How—v—Ř, th—s— platċoŘıs op—Řat— with iĲcŘ—asiĲČ opacitƅ. AdvaĲc—d tools ċoŘ ċoŘ—castiĲČ aĲd 
optiıisatioĲ aŘ— tƅpicallƅ lock—d b—hiĲd paƅwalls oŘ acc—ssibl— oĲlƅ to —Ĳt—ŘpŘis—-l—v—l 
adv—Řtis—Řs. IĲd—p—Ĳd—Ĳt adv—Řtis—Řs, Ř—s—aŘch—Řs, aĲd Ř—ČulatoŘs aŘ— oċt—Ĳ —Ƅclud—d ċŘoı 
ı—aĲiĲČċul —ĲČaČ—ı—Ĳt with th—s— sƅst—ıs. Th— Ř—sult is aĲ —cosƅst—ı iĲ which outcoı—s aŘ— 
visibl—, but th— loČic b—hiĲd th—ı Ř—ıaiĲs hidd—Ĳ. 

CŘitics lik— ShoshaĲa Zubof d—scŘib— this shiċt as a sƅıptoı oċ ЊsuŘv—illaĲc— capitalisı,Ћ 
wh—Ř— us—Ř b—haviouŘ b—coı—s coııodii—d without tŘaĲspaŘ—Ĳcƅ. [͑] Th— ACM ċuŘth—Ř 
stŘ—ss—s th— Ĳ——d ċoŘ alČoŘithıic accouĲtabilitƅ aĲd Ř—dŘ—ss ı—chaĲisıs iĲ diČital sƅst—ıs. [͒] 

Th—s— dƅĲaıics ċu—l a ČŘowiĲČ d—ıaĲd ċoŘ op—Ĳ, Ř—pŘoducibl— tools that allow us—Řs outsid— 
th—s— coıı—Řcial —cosƅst—ıs to coĲduct iĲd—p—Ĳd—Ĳt aĲalƅsis, v—Řiċƅ Ř—sults, aĲd —ƄploŘ— 
caıpaiČĲ stŘat—Či—s ϴ Čoals that this pŘoj—ct diŘ—ctlƅ Ř—spoĲds to. 

 

͑.͑. IdeĲtiied xrobleı 

D—spit— of—ŘiĲČ Řobust ċ—atuŘ—s, ıajoŘ platċoŘıs lik— GooČl— aĲd M—ta oċt—Ĳ ċall shoŘt iĲ 
tŘaĲspaŘ—Ĳcƅ. Th— iĲĲ—Ř woŘkiĲČs oċ th—iŘ caıpaiČĲ aĲalƅtics aĲd optiıisatioĲ tools aŘ— laŘČ—lƅ 
iĲacc—ssibl— to —Ĳd-us—Řs. As th— Mozilla FouĲdatioĲ Ĳot—s, ıaĲƅ ad ov—ŘsiČht tools ċail to 
d—liv—Ř ı—aĲiĲČċul tŘaĲspaŘ—Ĳcƅ, —v—Ĳ wh—Ĳ —Ƅplicitlƅ d—siČĲ—d ċoŘ public accouĲtabilitƅ. [͓] 

This cŘ—at—s two iĲt—ŘcoĲĲ—ct—d issu—s: a lack oċ iĲsiČht iĲto how caıpaiČĲs aŘ— —valuat—d oŘ 
optiıis—d, aĲd iĲcŘ—asiĲČ pŘ—ssuŘ— oĲ adv—Řtis—Řs to coıplƅ with data pŘot—ctioĲ laws lik— th— 
GDxR. AŘticl— ͔ oċ th— GDxR Ř—ŗuiŘ—s that p—ŘsoĲal data b— pŘoc—ss—d tŘaĲspaŘ—Ĳtlƅ, lawċullƅ, 
aĲd ċaiŘlƅ ϴ coĲditioĲs that ıaĲƅ pŘopŘi—taŘƅ platċoŘıs do Ĳot ı——t. [͔] 
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ToČ—th—Ř, th—s— ċactoŘs cŘ—at— a pŘobl—ıatic —ĲviŘoĲı—Ĳt wh—Ř— us—Řs caĲĲot ċullƅ uĲd—ŘstaĲd 
oŘ tŘust th— sƅst—ıs th—ƅ Ř—lƅ oĲ ċoŘ caıpaiČĲ d—cisioĲ-ıakiĲČ. 

 

͑.͒. Stakeholders aĲd iıplicatioĲs 

Th— chall—ĲČ—s iĲ diČital adv—ŘtisiĲČ tŘaĲspaŘ—Ĳcƅ aĲd acc—ssibilitƅ iıpact a div—Řs— aŘŘaƅ oċ 
stak—hold—Řs. UĲd—ŘstaĲdiĲČ th—iŘ uĲiŗu— Ĳ——ds aĲd p—Řsp—ctiv—s is cŘucial ċoŘ d—v—lopiĲČ 
iĲclusiv— aĲd —f—ctiv— solutioĲs. 

SMES oċt—Ĳ lack th— Ř—souŘc—s aĲd —Ƅp—Řtis— to ĲaviČat— coıpl—Ƅ diČital adv—ŘtisiĲČ platċoŘıs. 
AccoŘdiĲČ to a studƅ publish—d iĲ SustaiĲabilitƅ, "DiČital ıaŘk—tiĲČ h—lps SMES ČaiĲ iĲaĲcial 
Ř—tuŘĲs, ıaŘk—t visibilitƅ, aĲd custoı—Ř satisċactioĲ." How—v—Ř, th— studƅ also Ĳot—s that ıaĲƅ 
SMES ċac— dificulti—s iĲ adaptiĲČ to diČital tŘaĲsċoŘıatioĲs du— to liıit—d Ř—souŘc—s aĲd 
kĲowl—dČ— Čaps. [͕] 

Acc—ss to tŘaĲspaŘ—Ĳt aĲd coıpŘ—h—Ĳsiv— adv—ŘtisiĲČ data is —ss—Ĳtial ċoŘ Ř—s—aŘch—Řs studƅiĲČ 
th— iıpacts oċ diČital ıaŘk—tiĲČ. A pap—Ř oĲ th— tŘaĲspaŘ—Ĳcƅ oċ diČital Ĳativ— aĲd —ıb—dd—d 
adv—ŘtisiĲČ —ıphasis—s, th— lack oċ tŘaĲspaŘ—Ĳcƅ iĲ diČital adv—ŘtisiĲČ pos—s siČĲiicaĲt 
chall—ĲČ—s ċoŘ Ř—ČulatioĲ aĲd —ducatioĲ. [͖] 

EĲsuŘiĲČ ċaiŘ coıp—titioĲ aĲd pŘot—ctiĲČ coĲsuı—Ř ŘiČhts iĲ diČital adv—ŘtisiĲČ aŘ— pŘiıaŘƅ 
coĲc—ŘĲs ċoŘ Ř—ČulatoŘs. Th— EuŘop—aĲ UĲioĲ's DiČital MaŘk—ts Act ϼDMAϽ aiıs to addŘ—ss th—s— 
issu—s bƅ iıposiĲČ obliČatioĲs oĲ laŘČ— oĲliĲ— platċoŘıs. Th— act s——ks to "—ĲsuŘ— ċaiŘ 
coıp—titioĲ aĲd pŘot—ct th— coĲsuı—Ř iĲ th— diČital —coĲoıƅ." [͗] 

Op—Ĳ-souŘc— iĲitiativ—s plaƅ a pivotal Řol— iĲ d—ıocŘatisiĲČ acc—ss to diČital adv—ŘtisiĲČ tools. 
Th— IAB T—ch Lab's Op—Ĳ-SouŘc— IĲitiativ— —ĲcouŘaČ—s collaboŘatioĲ to build solutioĲs ċoŘ 
coııoĲ iĲdustŘƅ chall—ĲČ—s, aiıiĲČ to iĲcŘ—as— cŘoss-iĲdustŘƅ tŘaĲspaŘ—Ĳcƅ aĲd 
collaboŘatioĲ. [͘] 

 

FiČure ͖ - Stakeholders DiaČraı ЂČeĲerated bƅ ChatGxTЃ 
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͑.͓. RelevaĲt Theories aĲd CoĲcepts 

To addŘ—ss th— chall—ĲČ—s id—Ĳtii—d iĲ th— diČital adv—ŘtisiĲČ laĲdscap—, this pŘoj—ct l—v—ŘaČ—s 
s—v—Řal th—oŘi—s aĲd coĲc—pts: 

As Ĳot—d bƅ IıpŘ—ssioĲ DiČital, "SƅĲth—tic data Ř—ċ—Řs to aŘtiiciallƅ Č—Ĳ—Řat—d data that ıiıics 
th— chaŘact—Řistics oċ Ř—al-woŘld data without coĲtaiĲiĲČ aĲƅ actual iĲċoŘıatioĲ ċŘoı Ř—al 
iĲdividuals oŘ —v—Ĳts.Ћ [͐͏]  This appŘoach is paŘticulaŘlƅ valuabl— iĲ sc—ĲaŘios wh—Ř— Ř—al data is 
scaŘc—, s—Ĳsitiv—, oŘ subj—ct to pŘivacƅ Ř—ČulatioĲs 

xŘ—dictiv— ıod—lliĲČ iĲvolv—s usiĲČ statistical t—chĲiŗu—s aĲd ıachiĲ— l—aŘĲiĲČ alČoŘithıs to 
aĲalƅs— histoŘical data aĲd pŘ—dict ċutuŘ— outcoı—s. IĲ th— coĲt—Ƅt oċ adv—ŘtisiĲČ, pŘ—dictiv— 
ıod—lliĲČ caĲ ċoŘ—cast ı—tŘics lik— click-thŘouČh Řat—s ϼCTRϽ aĲd coĲv—ŘsioĲ Řat—s, —ĲabliĲČ 
adv—Řtis—Řs to optiıis— th—iŘ caıpaiČĲs. As hiČhliČht—d bƅ SAS, "xŘ—dictiv— aĲalƅtics is dŘiv—Ĳ bƅ 
pŘ—dictiv— ıod—lliĲČ. ItЍs ıoŘ— oċ aĲ appŘoach thaĲ a pŘoc—ss. xŘ—dictiv— aĲalƅtics aĲd ıachiĲ— 
l—aŘĲiĲČ Čo haĲd-iĲ-haĲd, as pŘ—dictiv— ıod—ls tƅpicallƅ iĲclud— a ıachiĲ— l—aŘĲiĲČ alČoŘithı." 
[͐͐] 

SHAx ϼSHapl—ƅ Additiv— —ƄxlaĲatioĲsϽ is a ı—thod us—d iĲ ıachiĲ— l—aŘĲiĲČ to —ƄplaiĲ th— 
output oċ ıod—ls. As d—scŘib—d iĲ th— SHAx docuı—ĲtatioĲ, "SHAx valu—s aŘ— a ı—thod us—d iĲ 
ıachiĲ— l—aŘĲiĲČ ċoŘ —ƄplaiĲiĲČ th— output oċ a ıod—l bƅ attŘibutiĲČ —ach ċ—atuŘ—'s coĲtŘibutioĲ 
to th— iĲal pŘ—dictioĲ." [͐͑] 

IĲt—Řactiv— visual aĲalƅtics coıbiĲ—s data visualisatioĲ with aĲalƅtical Ř—asoĲiĲČ to h—lp us—Řs 
—ƄploŘ— aĲd uĲd—ŘstaĲd coıpl—Ƅ datas—ts. This appŘoach ċacilitat—s b—tt—Ř d—cisioĲ-ıakiĲČ bƅ 
allowiĲČ us—Řs to iĲt—Řact with data thŘouČh dashboaŘds aĲd oth—Ř visual tools. Qlik d—iĲ—s 
visual aĲalƅtics as "th— us— oċ sophisticat—d tools aĲd pŘoc—ss—s to aĲalƅs— datas—ts usiĲČ 
visual Ř—pŘ—s—ĲtatioĲs oċ th— data. VisualisiĲČ th— data iĲ ČŘaphs, chaŘts, aĲd ıaps h—lps us—Řs 
id—Ĳtiċƅ patt—ŘĲs aĲd th—Ř—bƅ d—v—lop actioĲabl— iĲsiČhts." [͐͒] 

 

͑.͔. CoĲstraiĲts oĲ the Approach 

Th— d—v—lopı—Ĳt oċ aĲ op—Ĳ, tŘaĲspaŘ—Ĳt adv—ŘtisiĲČ aĲalƅtics dashboaŘd is iĲlu—Ĳc—d bƅ 
s—v—Řal k—ƅ coĲstŘaiĲts, which shap— th— pŘoj—ct's scop—, ı—thodoloČƅ, aĲd iıpl—ı—ĲtatioĲ. 

Acc—ss to Ř—al-woŘld adv—ŘtisiĲČ data is oċt—Ĳ Ř—stŘict—d du— to pŘopŘi—taŘƅ coĲc—ŘĲs aĲd 
stŘiĲČ—Ĳt pŘivacƅ Ř—ČulatioĲs. Th— G—Ĳ—Řal Data xŘot—ctioĲ R—ČulatioĲ ϼGDxRϽ —ıphasis—s th— 
pŘiĲcipl— oċ data ıiĲiıisatioĲ, statiĲČ that p—ŘsoĲal data ıust b— "ad—ŗuat—, Ř—l—vaĲt aĲd 
liıit—d to what is Ĳ—c—ssaŘƅ iĲ Ř—latioĲ to th— puŘpos—s ċoŘ which ƅou aŘ— pŘoc—ssiĲČ itЋ. This 
l—Čal ċŘaı—woŘk liıits th— us— oċ actual us—Ř data, Ĳ—c—ssitatiĲČ alt—ŘĲativ— appŘoach—s. [͓͐] 

To ĲaviČat— th—s— liıitatioĲs, th— pŘoj—ct —ıploƅs sƅĲth—tic data Č—Ĳ—ŘatioĲ. Whil— sƅĲth—tic 
data caĲ ıiıic th— statistical pŘop—Řti—s oċ Ř—al datas—ts, it ıaƅ Ĳot captuŘ— all th— ĲuaĲc—s oċ 
actual us—Ř b—haviouŘ. As Ĳot—d bƅ AIMultipl—, "SƅĲth—tic data ıaƅ Ĳot ċullƅ captuŘ— th— 
coıpl—Ƅitƅ aĲd uĲpŘ—dictabilitƅ oċ Ř—al-woŘld coĲditioĲs, pot—Ĳtiallƅ l—adiĲČ to p—ŘċoŘıaĲc— 
Čaps". [͔͐] 

Th— pŘoj—ct Ř—li—s —Ƅclusiv—lƅ oĲ op—Ĳ-souŘc— tools to —ĲsuŘ— acc—ssibilitƅ aĲd Ř—pŘoducibilitƅ. 
Whil— th—s— tools of—Ř l—Ƅibilitƅ, th—ƅ ıaƅ lack c—ŘtaiĲ ċ—atuŘ—s ċouĲd iĲ pŘopŘi—taŘƅ soċtwaŘ—. 
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FoŘ iĲstaĲc—, op—Ĳ-souŘc— ıachiĲ— l—aŘĲiĲČ libŘaŘi—s ıaƅ Ĳot pŘovid— th— saı— l—v—l oċ 
optiıisatioĲ oŘ us—Ř suppoŘt as coıı—Řcial alt—ŘĲativ—s. 

AdditioĲallƅ, th— pŘoj—ct is coĲstŘaiĲ—d bƅ liıit—d coıputatioĲal Ř—souŘc—s, which caĲ af—ct 
th— coıpl—Ƅitƅ oċ ıod—ls aĲd th— voluı— oċ data pŘoc—ss—d. This liıitatioĲ Ĳ—c—ssitat—s a 
balaĲc— b—tw——Ĳ ıod—l sophisticatioĲ aĲd coıputatioĲal ċ—asibilitƅ. 

Op—ŘatiĲČ withiĲ th— coĲiĲ—s oċ aĲ acad—ıic tiı—liĲ—, th— pŘoj—ct pŘioŘitis—s th— d—v—lopı—Ĳt 
oċ a ċuĲctioĲal pŘototƅp— ov—Ř a ċullƅ polish—d pŘoduct. This tiı— coĲstŘaiĲt iĲlu—Ĳc—s d—cisioĲs 
Ř—ČaŘdiĲČ ċ—atuŘ— iıpl—ı—ĲtatioĲ, t—stiĲČ, aĲd docuı—ĲtatioĲ. 

Th— scop— is d—lib—Řat—lƅ ĲaŘŘow—d to ċocus oĲ coŘ— ċuĲctioĲaliti—s that d—ıoĲstŘat— th— 
ċ—asibilitƅ aĲd valu— oċ aĲ op—Ĳ, tŘaĲspaŘ—Ĳt adv—ŘtisiĲČ aĲalƅtics tool. FutuŘ— it—ŘatioĲs ıaƅ 
—ƄpaĲd upoĲ this ċouĲdatioĲ to iĲclud— additioĲal ċ—atuŘ—s aĲd Ř—iĲ—ı—Ĳts. 

 

͑.͕. EƄistiĲČ SolutioĲs aĲd Their LiıitatioĲs 

S—v—Řal platċoŘıs aĲd tools cuŘŘ—Ĳtlƅ —Ƅist to pŘovid— adv—Řtis—Řs with iĲsiČhts iĲto diČital 
adv—ŘtisiĲČ p—ŘċoŘıaĲc—. How—v—Ř, th—s— solutioĲs oċt—Ĳ coı— with liıitatioĲs that hiĲd—Ř 
coıpŘ—h—Ĳsiv— tŘaĲspaŘ—Ĳcƅ aĲd —f—ctiv—Ĳ—ss. 

MajoŘ diČital adv—ŘtisiĲČ platċoŘıs lik— GooČl— aĲd M—ta of—Ř iĲ-platċoŘı aĲalƅtics tools. Whil— 
th—s— tools pŘovid— valuabl— ı—tŘics, th—ƅ oċt—Ĳ lack th— d—pth aĲd tŘaĲspaŘ—Ĳcƅ Ĳ——d—d ċoŘ a 
coıpl—t— uĲd—ŘstaĲdiĲČ oċ ad p—ŘċoŘıaĲc—. As Ĳot—d bƅ Rock—ŘboƄ, "Todaƅ, th— iĲdustŘƅ as a 
whol— Ř—li—s h—avilƅ oĲ iĲ-platċoŘı Ř—poŘtiĲČ ı—tŘics pŘovid—d bƅ ČiaĲts lik— Fac—book, GooČl—, 
aĲd TikTok. Whil— th—s— ı—tŘics of—Ř valuabl— iĲsiČhts, th—ƅ oċt—Ĳ lack th— ČŘaĲulaŘitƅ aĲd 
tŘaĲspaŘ—Ĳcƅ Ĳ——d—d ċoŘ a coıpŘ—h—Ĳsiv— uĲd—ŘstaĲdiĲČ oċ ad p—ŘċoŘıaĲc—." [͕͐] 

xlatċoŘıs hav— iĲtŘoduc—d ad tŘaĲspaŘ—Ĳcƅ tools, such as M—ta's Ad LibŘaŘƅ, to pŘovid— visibilitƅ 
iĲto adv—ŘtisiĲČ pŘactic—s. How—v—Ř, th—s— tools oċt—Ĳ of—Ř liıit—d acc—ss to data, Ř—stŘictiĲČ 
coıpŘ—h—Ĳsiv— aĲalƅsis. A studƅ publish—d iĲ th— ACM FAccT coĲċ—Ř—Ĳc— pŘoc——diĲČs 
hiČhliČhts, "Ov—Řall, th—s— tools oĲlƅ pŘovid— acc—ss to a Ř—stŘict—d subs—t oċ adv—Řtis—ı—Ĳts, oċ 
which w— do Ĳot kĲow th— saıpl— populatioĲ." [͖͐] 

Op—Ĳ-souŘc— aĲalƅtics tools of—Ř l—Ƅibilitƅ aĲd coııuĲitƅ-dŘiv—Ĳ d—v—lopı—Ĳt. How—v—Ř, th—ƅ 
ıaƅ lack c—ŘtaiĲ ċ—atuŘ—s aĲd suppoŘt ċouĲd iĲ coıı—Řcial solutioĲs. xaĲoplƅ Ĳot—s, "Whil— 
op—Ĳ-souŘc— is ċŘ—— to us—, kĲowl—dČ— aĲd labouŘ costs aŘ— iĲ—scapabl—. MoŘ—ov—Ř, d—v—lopiĲČ 
—ĲouČh —Ƅp—Řtis— aŘouĲd op—Ĳ-souŘc— soċtwaŘ— to us— it —f—ctiv—lƅ tak—s tiı—." [͐͗] 

 

͑.͖. Suııarƅ oċ the BackČrouĲd 

Th— diČital adv—ŘtisiĲČ laĲdscap— is chaŘact—Řis—d bƅ a lack oċ tŘaĲspaŘ—Ĳcƅ aĲd acc—ssibilitƅ, 
paŘticulaŘlƅ af—ctiĲČ sıall aĲd ı—diuı-siz—d —Ĳt—ŘpŘis—s ϼSMESϽ. Whil— ıajoŘ platċoŘıs lik— 
GooČl— aĲd M—ta of—Ř aĲalƅtics tools, th—s— oċt—Ĳ lack th— ČŘaĲulaŘitƅ aĲd op—ĲĲ—ss Ř—ŗuiŘ—d 
ċoŘ a coıpŘ—h—Ĳsiv— uĲd—ŘstaĲdiĲČ.  

R—ČulatoŘƅ ċŘaı—woŘks such as th— G—Ĳ—Řal Data xŘot—ctioĲ R—ČulatioĲ ϼGDxRϽ iıpos— stŘict 
Čuid—liĲ—s oĲ data usaČ—, —ıphasisiĲČ th— Ĳ——d ċoŘ tŘaĲspaŘ—Ĳcƅ aĲd us—Ř coĲs—Ĳt. This l—Čal 
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—ĲviŘoĲı—Ĳt Ĳ—c—ssitat—s th— —ƄploŘatioĲ oċ alt—ŘĲativ— data souŘc—s aĲd ı—thodoloČi—s that 
coıplƅ with pŘivacƅ staĲdaŘds. 

To addŘ—ss th—s— chall—ĲČ—s, th— pŘoj—ct l—v—ŘaČ—s sƅĲth—tic data Č—Ĳ—ŘatioĲ, ackĲowl—dČiĲČ its 
liıitatioĲs iĲ captuŘiĲČ th— ċull coıpl—Ƅitƅ oċ Ř—al-woŘld us—Ř b—haviouŘ.  

Th— solutioĲ iĲt—ČŘat—s op—Ĳ-souŘc— tools such as StŘ—aılit aĲd xlotlƅ to ċacilitat— 
custoıisabl— aĲd tŘaĲspaŘ—Ĳt aĲalƅtics. StŘ—aılit of—Řs a us—Ř-ċŘi—Ĳdlƅ iĲt—Řċac— ċoŘ cŘ—atiĲČ 
shaŘ—abl— dashboaŘds, whil— xlotlƅ pŘovid—s a platċoŘı ċoŘ Č—Ĳ—ŘatiĲČ a vaŘi—tƅ oċ data 
visualisatioĲs. [͐͘], [͑͏] 

Bƅ coıbiĲiĲČ th—s— —l—ı—Ĳts, th— pŘoj—ct aiıs to —ıpow—Ř SMES with a tŘaĲspaŘ—Ĳt, 
coıpliaĲt, aĲd acc—ssibl— adv—ŘtisiĲČ aĲalƅtics dashboaŘd. This tool s——ks to bŘidČ— th— Čap 
l—ċt bƅ —ƄistiĲČ solutioĲs, of—ŘiĲČ a ıoŘ— iĲclusiv— appŘoach to diČital adv—ŘtisiĲČ aĲalƅtics. 

 

͒. MethodoloČƅ 

͒.͐. Overview oċ Sƅsteı Architecture 

Th— sƅst—ı d—v—lop—d iĲ this pŘoj—ct Ř—plicat—s k—ƅ ċuĲctioĲaliti—s oċ coıı—Řcial 
adv—ŘtisiĲČ platċoŘısϴĲaı—lƅ pŘ—dictioĲ, visualisatioĲ, aĲd optiıisatioĲϴusiĲČ a 
ıodulaŘ, op—Ĳ-souŘc— aŘchit—ctuŘ—. Th— d—siČĲ pŘioŘitis—s tŘaĲspaŘ—Ĳcƅ, siıplicitƅ, aĲd 
acc—ssibilitƅ, iĲ liĲ— with th— pŘoj—ct's Čoal to cŘ—at— a ċŘ——lƅ availabl— alt—ŘĲativ— to 
pŘopŘi—taŘƅ tools. 

͒.͐.͐. Sƅst—ı CoıpoĲ—Ĳts 

Th— aŘchit—ctuŘ— coĲsists oċ thŘ—— pŘiıaŘƅ coıpoĲ—Ĳts: 

SƅĲth—tic Data Laƅ—Ř 

Siıulat—s Ř—alistic caıpaiČĲ data bas—d oĲ iĲdustŘƅ Ř—s—aŘch aĲd U9 d—ıoČŘaphic 
distŘibutioĲs ϼs—— S—ctioĲ ͒.͒Ͻ. This ċoŘıs th— ċouĲdatioĲ ċoŘ tŘaiĲiĲČ, t—stiĲČ, aĲd us—Ř 
iĲt—ŘactioĲ. 

MachiĲ— L—aŘĲiĲČ Laƅ—Ř 

A coll—ctioĲ oċ pŘ—dictiv— ıod—ls tŘaiĲ—d oĲ th— sƅĲth—tic datas—t. Th—s— iĲclud—: 

• R—ČŘ—ssioĲ ıod—ls ϼliĲ—aŘ, ŘidČ—, ŘaĲdoı ċoŘ—st, XGBoost, GŘadi—Ĳt BoostiĲČϽ 

• A d——p l—aŘĲiĲČ ıod—l ϼT—ĲsoŘFlow-bas—dϽ ċoŘ optiıisatioĲ 

• SHAx —ƄplaiĲabilitƅ ıodul— ċoŘ post-hoc iĲt—ŘpŘ—tatioĲ 

DashboaŘd IĲt—Řċac— ϼStŘ—aılitϽ 

Th— ċŘoĲt-—Ĳd iĲt—Řċac— thŘouČh which us—Řs iĲt—Řact with th— sƅst—ı. It iĲclud—s thŘ—— ıaiĲ 
tabs: 

• Ov—Řvi—w: Displaƅs datas—t-wid— distŘibutioĲs aĲd tŘ—Ĳds. 
• Filt—Ř—d Vi—w: Allows us—Řs to —ƄploŘ— caıpaiČĲ-sp—ciic p—ŘċoŘıaĲc— ı—tŘics. 
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• Optiıis—: Of—Řs both pŘ—-ŘuĲ pŘ—dictioĲs aĲd post-ŘuĲ Ř—coıı—ĲdatioĲs usiĲČ th— ML 
ıod—ls. 

Each coıpoĲ—Ĳt op—Řat—s iĲd—p—Ĳd—Ĳtlƅ but is iĲt—ČŘat—d to ċoŘı a coh—siv— pip—liĲ— that 
ıiıics th— data low aĲd aĲalƅsis cƅcl— oċ Ř—al-woŘld adv—ŘtisiĲČ platċoŘıs. 

 

 

FiČure ͗ - Sƅsteı CoıpoĲeĲts 

͒.͐.͑. AŘchit—ctuŘ— Flow 

Th— sƅst—ı ċollows a cl—aŘ aĲd Ř—p—atabl— low: 

• Us—Ř IĲput oŘ S—l—ctioĲ ϼvia dashboaŘdϽ 
• Data xŘoc—ssiĲČ ϼilt—ŘiĲČ, —ĲcodiĲČ, pŘ—paŘatioĲϽ 

• Mod—l xŘ—dictioĲ oŘ OptiıisatioĲ 

• Visual F——dback ϼdisplaƅ oċ Ř—sults, ČŘaphs, aĲd SHAx iĲt—ŘpŘ—tatioĲsϽ 

 

This ıodulaŘitƅ Ĳot oĲlƅ suppoŘts Ř—usabilitƅ aĲd scalabilitƅ but also —ĲsuŘ—s that —ach paŘt oċ 
th— sƅst—ı caĲ b— iıpŘov—d oŘ Ř—plac—d without disŘuptiĲČ th— —ĲtiŘ— woŘklow. 

 



 

FiČure ͘ - Architecture Flow ЂČeĲerated bƅ ClaudeЃ 

 

͒.͑. Dashboard VisualisatioĲs 

Th— sƅst—ı utilis—s th— xƅthoĲ libŘaŘƅ StŘ—aılit [͐͘] aĲd xlotlƅ [͑͏] to cŘ—at— a w—b applicatioĲ 
that allows adv—Řtis—Řs to visualis— cuŘŘ—Ĳt oŘ past adv—ŘtisiĲČ caıpaiČĲ p—ŘċoŘıaĲc—. It allows 
th—ı to pŘ—dict how w—ll a ċutuŘ— caıpaiČĲ ıaƅ p—ŘċoŘı, aĲd it allows th—ı to optiıis— a 
cuŘŘ—Ĳtlƅ ŘuĲĲiĲČ caıpaiČĲ. Th— dashboaŘd coĲtaiĲs thŘ—— tabs: ov—Řvi—w, —ƄploŘ—Ř aĲd 
optiıis—.  

Ov—Řvi—w: 

This tab allows us—Řs to visualis— th— ċull sƅĲth—tic datas—t. FiČuŘ— ͓ shows a sıall s—ctioĲ oċ th— 
paČ— aĲd what kiĲd oċ iĲsiČhts a us—Ř would b— abl— to s——.  

 

FiČure ͙ - Overview xaČe 

This paČ— would allow adv—Řtis—Řs to s—— how th—iŘ caıpaiČĲ p—ŘċoŘıs coıpaŘ—d to th— ċull 
datas—t.  

Th— visualisatioĲs iĲclud—: 
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- CaıpaiČĲ budČ—ts vs succ—ss scoŘ— 

- D—vic— distŘibutioĲ 

- EĲČaČ—ı—Ĳt bƅ AČ— aĲd IĲcoı— TaŘČ—tiĲČ 

- AČ— TaŘČ—t DistŘibutioĲ 

- CaıpaiČĲ DuŘatioĲ DistŘibutioĲ 

- Ad Sp—Ĳd ov—Ř Tiı— 

- CTR DistŘibutioĲ 

- IıpŘ—ssioĲs bƅ platċoŘı 

 

CaıpaiČĲ EƄploŘ—Ř: 

This paČ— allows th— adv—Řtis—Ř to s—— how th—iŘ caıpaiČĲ is p—ŘċoŘıiĲČ. Th— v—ŘsioĲ displaƅ—d 
iĲ FiČuŘ— ͔ allows th— us—Ř to s—l—ct aĲ adv—Řtis—Ř. This would Ĳot b— availabl— ċoŘ custoı—Řs iċ 
this sƅst—ı w—Ř— Ř—l—as—d. Th—ƅ would oĲlƅ b— abl— to s—— th—iŘ owĲ caıpaiČĲϼЌsϽ.  

 

FiČure ͚ - CaıpaiČĲ EƄplorer xaČe 

CaıpaiČĲ EƄploŘ—Ř staŘts with basic 9xI ı—tŘics at th— top aĲd th—Ĳ of—Řs th— us—Ř ıultipl— 
tabs so that —ach asp—ct oċ th—iŘ caıpaiČĲ caĲ b— thoŘouČhlƅ visualis—d. 

 

TaŘČ—tiĲČ: 

EĲabl—s th— us—Ř to s—— actual audi—Ĳc— vs taŘČ—t audi—Ĳc— which is b—Ĳ—icial wh—Ĳ 
uĲd—ŘstaĲdiĲČ whƅ a caıpaiČĲ ıiČht b— p—ŘċoŘıiĲČ a c—ŘtaiĲ waƅ. 

VisualisatioĲs: 

- AČ— DistŘibutioĲ 

- G—Ĳd—Ř BŘ—akdowĲ 

- IĲcoı— DistŘibutioĲ 



 

FiČure ͛ - TarČetiĲČ VisualisatioĲs 

x—ŘċoŘıaĲc—: 

Displaƅs how th— caıpaiČĲ p—ŘċoŘı—d iĲ dif—Ř—Ĳt aŘ—as acŘoss th— duŘatioĲ oċ th— caıpaiČĲ. 
This would ı—aĲ us—Řs caĲ s—— how —Ƅactlƅ th— caıpaiČĲ p—ŘċoŘıs oĲ c—ŘtaiĲ w——kdaƅs oŘ at 
c—ŘtaiĲ tiı—s oċ th— ıoĲth. 

VisualisatioĲs: 

- Dailƅ IıpŘ—ssioĲs 

- Dailƅ EĲČaČ—ı—Ĳt xŘobabilitƅ 

- Dailƅ Clicks 

 

FiČure ͜ - xerċorıaĲce VisualisatioĲs 

 



Ad EƄp—Ři—Ĳc—: 

Displaƅs how us—Řs aŘ— iĲt—ŘactiĲČ with th— ad its—lċ. This could t—ll adv—Řtis—Řs that th— adv—Řt 
th—ƅ aŘ— ŘuĲĲiĲČ is Ĳot b—iĲČ —Ĳjoƅ—d.  

VisualisatioĲs: 

- Coıpl—tioĲ Rat— GauČ— 

- x—Řc—Ĳt Watch—d xŘoČŘ—ss 

- S—ssioĲ DisŘuptioĲ AĲalƅsis 

 

FiČure ͝ - Ad EƄperieĲce VisualisatioĲs 

 

Sp—Ĳd aĲd Efici—Ĳcƅ: 

This paČ— pŘovid—s iĲsiČht iĲto how w—ll th— caıpaiČĲ budČ—t is b—iĲČ sp—Ĳt, aĲd iċ it is 
pŘoduciĲČ th— d—siŘ—d Ř—sults. It also coĲtaiĲs iĲsiČht iĲto how w—ll th— caıpaiČĲ aliČĲs with 
th—iŘ pŘoducts optiıal adv—ŘtisiĲČ ıoĲths.  

VisualisatioĲs: 

- Sp—Ĳd BŘ—akdowĲ 9xIS 

- Cost Efici—Ĳcƅ AĲalƅsis 

- S—asoĲalitƅ AĲalƅsis 

 

FiČure ͞ - SpeĲd aĲd EficieĲcƅ VisualisatioĲs 

 

R—ach aĲd coĲt—Ƅt: 

This tab pŘovid—s iĲċoŘıatioĲ oĲ th— us—ŘЍs d—vic— aĲd locatioĲ. It also shows how w—ll th— 
platċoŘı th—ƅ aŘ— adv—ŘtisiĲČ oĲ p—ŘċoŘıs. 



VisualisatioĲs: 

- CoĲt—Ĳt CoĲt—Ƅt 

- D—vic— Tƅp— BŘ—akdowĲ 

- G—oČŘaphic R—ach 

 

FiČure ͖͕ - Reach aĲd CoĲteƄt VisualisatioĲs 

 

Optiıis—: 

This paČ— is wh—Ř— us—Řs caĲ iĲput th—iŘ caıpaiČĲ coĲiČuŘatioĲs aĲd pŘ—dict how th— caıpaiČĲ 
ıiČht p—ŘċoŘı. Two optioĲs aŘ— availabl—: pŘ—-ŘuĲ pŘ—dictioĲs aĲd post-ŘuĲ aĲalƅsis. This Ř—ċ—Řs 
to what kiĲd oċ data th— us—Ř would iĲput. 

 

FiČure ͖͖ - xre-ruĲ xredictioĲ MeĲu 

FiČuŘ— ͐͐ shows th— pŘ—-ŘuĲ pŘ—dictioĲ iĲput ċoŘı. It allows a us—Ř to iĲput all caıpaiČĲ data 
that would b— availabl— b—ċoŘ— it has b——Ĳ ŘuĲ. Us—Řs ıaƅ also s—l—ct which ıod—l to pŘ—dict 
with aĲd s—— how that ıod—l p—ŘċoŘıs oĲ th— t—st datas—t. 



 

FiČure ͖͗ - Model selectioĲ 

 

FiČure ͖͘ - Model Statistics 

FiČuŘ— ͐͑ shows th— ıod—ls availabl— ċoŘ a us—Ř to choos— ċŘoı. FiČuŘ— ͐͒ shows th— ı—tŘics 
displaƅ—d to pŘovid— tŘaĲspaŘ—Ĳcƅ to th— us—Ř.  

 

͒.͒. Dataset desiČĲ aĲd siıulatioĲ 

This s—ctioĲ d—scŘib—s th— d—siČĲ aĲd siıulatioĲ oċ th— sƅĲth—tic datas—t us—d iĲ this pŘoj—ct. 
Th— datas—t was Č—Ĳ—Řat—d to ıod—l Ř—al-woŘld adv—ŘtisiĲČ tŘ—Ĳds aĲd U9 d—ıoČŘaphics, 
pŘovidiĲČ a Ř—alistic ƅ—t acc—ssibl— ċouĲdatioĲ ċoŘ caıpaiČĲ aĲalƅsis. SƅĲth—tic data was 
—ıploƅ—d to addŘ—ss pŘivacƅ coĲc—ŘĲs aĲd th— lack oċ publiclƅ availabl— datas—ts that 
accuŘat—lƅ Ř—pŘ—s—Ĳt adv—ŘtisiĲČ tŘ—Ĳds. This appŘoach allows ċoŘ th— —valuatioĲ oċ a caıpaiČĲ 
aĲalƅsis tool without Ĳ——diĲČ to paƅ ċoŘ huČ— pŘopŘi—taŘƅ datas—ts. 

Th— databas— coĲĲ—ctioĲs aŘ— haĲdl—d bƅ a pƅıoĲČo.MoĲČoCli—Ĳt  [͑͐] siĲČl—toĲ patt—ŘĲ, 
ı—aĲiĲČ all databas— tŘips aŘ— doĲ— thŘouČh oĲ— iĲstaĲc—. Th— datas—t was Č—Ĳ—Řat—d usiĲČ a 
s—Ři—s oċ xƅthoĲ scŘipts that siıulat— vaŘious asp—cts oċ adv—ŘtisiĲČ caıpaiČĲs, us—Ř 
d—ıoČŘaphics, aĲd iĲt—ŘactioĲs. Th— Č—Ĳ—ŘatioĲ pŘoc—ss l—v—ŘaČ—s statistical distŘibutioĲs aĲd 
Ř—al-woŘld data souŘc—s to —ĲsuŘ— Ř—alisı. 

Us—ŘsЍ coll—ctioĲ: 

Us—Ř data was Č—Ĳ—Řat—d to Ř—l—ct U9 populatioĲ d—ıoČŘaphics, usiĲČ distŘibutioĲs ċŘoı U9 
c—Ĳsus data. AttŘibut—s such as occupatioĲ, aČ—, Č—Ĳd—Ř, —thĲicitƅ, locatioĲ, aĲd iĲcoı— w—Ř— 
ıod—ll—d usiĲČ Ř—al-woŘld distŘibutioĲs.  
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FiČure ͖͙ - A User Record 

 

 

CaıpaiČĲ coll—ctioĲ: 

CaıpaiČĲs w—Ř— assiČĲ—d ŘaĲdoı tiı—ċŘaı—s b—tw——Ĳ ͐ to ͗ w——ks, siıulatiĲČ tƅpical 
adv—ŘtisiĲČ duŘatioĲs.  Each caıpaiČĲ iĲclud—d ŘaĲdoı taŘČ—tiĲČ paŘaı—t—Řs such as Č—Ĳd—Ř 
aĲd iĲcoı—, as w—ll as a ŘaĲdoı platċoŘı, ad l—ĲČth, ad plac—ı—Ĳt aĲd coĲt—Ĳt tƅp—. Th— 
pŘoduct is ŘaĲdoılƅ chos—Ĳ ċŘoı aĲ AI-Č—Ĳ—Řat—d s—t oċ pŘoduct Řul—s. This also d—t—ŘıiĲ—s th— 
taŘČ—t aČ— ŘaĲČ—.  

Th— pŘoduct Řul—s coĲstaĲt is a list oċ pŘoducts, optiıal aČ— taŘČ—t aĲd optiıal adv—ŘtisiĲČ 
ıoĲths wŘitt—Ĳ bƅ ChatGxT. Th—s— Řul—s aŘ— th—Ĳ us—d to d—t—ŘıiĲ— how w—ll aliČĲ—d a 
caıpaiČĲ is with a pŘoductЍs optiıal ıoĲths ϼs—asoĲalitƅ scoŘ—Ͻ. IĲ a polish—d sƅst—ı, th—s— 
Řul—s would b— obtaiĲ—d ċŘoı ıaŘk—t Ř—s—aŘch. How—v—Ř, this is out oċ scop— ċoŘ this pŘoj—ct, so 
it was d——ı—d uĲĲ—c—ssaŘƅ. 

xŘoıpt: ЌWŘit— ı— a list oċ U9 pŘoducts which iĲclud—s what aČ— ŘaĲČ— th— pŘoduct should b— 
adv—Řtis—d to, aĲd what ıoĲths aŘ— optiıal ċoŘ th— pŘoduct to b— adv—Řtis—d iĲ.Ѝ 

BudČ—ts aĲd iıpŘ—ssioĲs w—Ř— ŘaĲdoılƅ assiČĲ—d withiĲ a sp—cii—d ŘaĲČ— [͑͑], which was us—d 
to d—Řiv— a Ř—alistic cost-p—Ř-iıpŘ—ssioĲ ϼCxIϽ ı—tŘic. Adv—Řtis—Řs' Ĳaı—s w—Ř— Č—Ĳ—Řat—d usiĲČ 
th— xƅthoĲ Fak—Ř libŘaŘƅ [͑͒]. 

 

FiČure ͖͚ - A CaıpaiČĲ Record 

https://sciwheel.com/work/citation?ids=17839950&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=17839952&pre=&suf=&sa=0&dbf=0


 

IıpŘ—ssioĲs coll—ctioĲ: 

G—Ĳ—Řat—d ċoŘ —ach caıpaiČĲ, assiČĲiĲČ a us—Ř, aĲ —ĲČaČ—ı—Ĳt pŘobabilitƅ aĲd a us—Ř afiĲitƅ. 
Th—s— two scoŘ—s aŘ— what iĲlu—Ĳc— how a us—Ř iĲt—Řacts with aĲ iıpŘ—ssioĲ. EĲČaČ—ı—Ĳt 
pŘobabiliti—s w—Ř— calculat—d usiĲČ a coıbiĲatioĲ oċ ċactoŘs such as ad plac—ı—Ĳt, ad l—ĲČth, 
platċoŘı, tiı— oċ daƅ aĲd coĲt—Ĳt tƅp—. Each oċ th—s— ċactoŘs has aĲ associat—d coıpl—tioĲ Řat— 
[͓͑]. 

 

FiČure ͖͛ - AĲ IıpressioĲ Record 

 

FiČure ͖͜ - EĲČaČeıeĲt xrobabilitƅ Calculator 

FiČuŘ— ͖͐ shows how th— ıultipli—Řs aŘ— coıbiĲ—d. A b—ta distŘibutioĲ is us—d to add vaŘiatioĲ 
aĲd uĲc—ŘtaiĲtƅ to th— d—iĲit— coıpl—tioĲ Řat—s d—iĲ—d iĲ 9ŘishĲaЍs Ř—s—aŘch. [͔͑] This waƅ, th— 
data b—coı—s ıoŘ— Ř—alistic. 

https://sciwheel.com/work/citation?ids=17839968&pre=&suf=&sa=0&dbf=0
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FiČure ͖͝ - Beta Saıpler 

A us—Ř afiĲitƅ scoŘ— is calculat—d ċoŘ —ach iıpŘ—ssioĲ. This Ř—pŘ—s—Ĳts how w—ll a us—Ř is suit—d 
to th— taŘČ—tiĲČ Ř—ŗuiŘ—ı—Ĳts oċ th— caıpaiČĲ th— iıpŘ—ssioĲ is a paŘt oċ.  

 

FiČure ͖͞ - User AfiĲitƅ Calculator 

FiČuŘ— ͐͘ shows th— siıpl— additiv— calculatioĲ that d—t—ŘıiĲ—s iċ —ach oċ th— taŘČ—tiĲČ 
Ř—ŗuiŘ—ı—Ĳts hav— b——Ĳ ı—t, aĲd th—Ĳ siıplƅ adds to th— iĲal scoŘ— iċ th—ƅ hav—. Th— b—ta 
saıpl—Ř is us—d aČaiĲ to add uĲc—ŘtaiĲtƅ.  

 

IĲt—ŘactioĲs aĲd IĲt—ŘactioĲ Tƅp—s Coll—ctioĲs: 

Siıulat—d us—Ř iĲt—ŘactioĲs with ads, iĲcludiĲČ ı—tŘics lik— watch tiı—, clicks, aĲd s—ssioĲ 
duŘatioĲs. Th—s— w—Ř— iĲlu—Ĳc—d bƅ us—Ř afiĲitƅ aĲd —ĲČaČ—ı—Ĳt pŘobabiliti—s. Data was 



ıod—ll—d to iıpŘov— l—Ƅibilitƅ aĲd scalabilitƅ. Th— aıouĲt aĲd tƅp— oċ iĲt—ŘactioĲ w—Ř— 
uĲc—ŘtaiĲ towaŘds th— staŘt oċ th— pŘoj—ct. Mod—lliĲČ th— databas— lik— this allow—d ċoŘ —asƅ 
additioĲs oŘ d—l—tioĲs ċŘoı iĲt—ŘactioĲ tƅp—s.  

 

FiČure ͕͗ - AĲ IĲteractioĲ Record 

 

FiČure ͖͗ - IĲteractioĲ Tƅpes 

Each iĲt—ŘactioĲ Ř—coŘd has aĲ associat—d iĲt—ŘactioĲ tƅp— aĲd a valu—.  

 



 

FiČure ͗͗ - Ad Siıulator 

FiČuŘ— ͑͑ siıulat—s vaŘious asp—cts oċ us—Ř —ĲČaČ—ı—Ĳt with aĲ ad, iĲcludiĲČ wh—th—Ř th— 
ad was skipp—d, th— p—Řc—ĲtaČ— oċ th— ad watch—d, s—ssioĲ duŘatioĲs b—ċoŘ— aĲd aċt—Ř th— ad, 
aĲd wh—th—Ř th— ad was click—d. Th—s— ı—tŘics aŘ— —ss—Ĳtial ċoŘ uĲd—ŘstaĲdiĲČ us—Ř 
b—haviouŘ aĲd th— —f—ctiv—Ĳ—ss oċ ad caıpaiČĲs.  

Th— ċuĲctioĲ d—t—ŘıiĲ—s iċ aĲ ad was skipp—d bas—d oĲ a ŘaĲdoı coıpaŘisoĲ with th— 
—ĲČaČ—ı—Ĳt pŘobabilitƅ. Iċ th— ŘaĲdoı valu— —Ƅc——ds th— —ĲČaČ—ı—Ĳt pŘobabilitƅ, th— ad is 
coĲsid—Ř—d skipp—d. 

Iċ th— ad is Ĳot skipp—d, th— p—Řc—ĲtaČ— watch—d is ŘaĲdoılƅ s—t b—tw——Ĳ ͖͏% aĲd ͐͏͏%. Iċ 
skipp—d, th— p—Řc—ĲtaČ— watch—d is a ŘaĲdoı valu— up to a ıaƄiıuı d—t—ŘıiĲ—d bƅ th— ad 
l—ĲČth ϼ—.Č., shoŘt—Ř ads hav— a hiČh—Ř skip p—Řc—ĲtaČ—Ͻ.[͓͑] 

Th— ċuĲctioĲ calculat—s s—ssioĲ duŘatioĲs b—ċoŘ— aĲd aċt—Ř th— ad. Th—s— duŘatioĲs aŘ— 
iĲlu—Ĳc—d bƅ wh—th—Ř th— ad was skipp—d aĲd th— us—Ř's afiĲitƅ scoŘ—. ShoŘt-ċoŘı coĲt—Ĳt has 
dif—Ř—Ĳt bas— duŘatioĲs coıpaŘ—d to loĲČ—Ř coĲt—Ĳt. 

Th— CTR is calculat—d bas—d oĲ th— —ĲČaČ—ı—Ĳt pŘobabilitƅ, th— p—Řc—ĲtaČ— oċ th— ad watch—d, 
aĲd th— us—Ř's afiĲitƅ scoŘ—. A ŘaĲdoı ch—ck aČaiĲst this calculat—d CTR d—t—ŘıiĲ—s iċ th— ad 
was click—d. 

 

 

 

https://sciwheel.com/work/citation?ids=17839968&pre=&suf=&sa=0&dbf=0


CaıpaiČĲ AĲalƅsis Coll—ctioĲ: 

This coll—ctioĲ is us—d to stoŘ— all ı—tŘics associat—d with th— caıpaiČĲ Ř—coŘds. Th—s— ı—tŘics 
aŘ— ıaiĲlƅ us—d bƅ th— dashboaŘd wh—Ĳ Ř—Ĳd—ŘiĲČ visualisatioĲs. Th—ƅ aŘ— also us—d to tŘaiĲ th— 
T—ĲsoŘFlow post-ŘuĲ optiıisatioĲ ıod—l. Th— aĲalƅs—_caıpaiČĲ_succ—ssϼϽ ċuĲctioĲ iĲ iČuŘ— ͐͘ 
is us—d to d—t—ŘıiĲ— how succ—ssċul a caıpaiČĲ is bas—d oĲ all Ř—l—vaĲt d—tails. This Čiv—s th— 
ıod—ls a taŘČ—t coluıĲ.  

Th— ċuĲctioĲ calculat—s a s—asoĲalitƅ scoŘ— bas—d oĲ th— caıpaiČĲ's staŘt ıoĲth aĲd th— 
optiıal ıoĲths ċoŘ th— pŘoduct b—iĲČ adv—Řtis—d. This scoŘ— Ř—l—cts how w—ll th— caıpaiČĲ's 
tiıiĲČ aliČĲs with th— pŘoduct's optiıal adv—ŘtisiĲČ p—Řiods. 

IĲt—ŘactioĲs aŘ— aČČŘ—Čat—d bƅ iıpŘ—ssioĲ ID to ċacilitat— ŗuick look up aĲd aĲalƅsis. This 
aČČŘ—ČatioĲ h—lps iĲ calculatiĲČ ı—tŘics lik— coıpl—tioĲ Řat—s aĲd click-thŘouČh Řat—s. 
Coıpl—tioĲ Řat—s aŘ— calculat—d as th— iĲv—Řs— oċ th— 'skipp—d' iĲt—ŘactioĲ valu—. Click Řat—s aŘ— 
d—t—ŘıiĲ—d bƅ th— 'click—d' iĲt—ŘactioĲ valu—. x—Řc—Ĳt watch—d is th— av—ŘaČ— p—Řc—ĲtaČ— oċ th— 
ad watch—d bƅ us—Řs. S—ssioĲ DuŘatioĲs aŘ— th— av—ŘaČ— duŘatioĲs b—ċoŘ— aĲd aċt—Ř th— ad. 

Click-thŘouČh Řat— ϼCTRϽ is th— p—Řc—ĲtaČ— oċ iıpŘ—ssioĲs that Ř—sult—d iĲ clicks. Cost p—Ř 
iıpŘ—ssioĲ aĲd cost p—Ř click aŘ— calculat—d to ass—ss iĲaĲcial —fici—Ĳcƅ. 

A bas— scoŘ— is coıput—d bƅ w—iČhiĲČ vaŘious ı—tŘics —ŗuallƅ, iĲcludiĲČ coıpl—tioĲ Řat—s, 
p—Řc—Ĳt watch—d, s—ssioĲ duŘatioĲs, cost —fici—Ĳcƅ, aĲd s—asoĲalitƅ. 

A ŘaĲdoı vaŘiatioĲ is appli—d to th— bas— scoŘ— to siıulat— Ř—al-woŘld vaŘiabilitƅ. 

Th— iĲal succ—ss scoŘ— is scal—d to a ŘaĲČ— b—tw——Ĳ ͏ aĲd ͐͏͏. 

Th— ċuĲctioĲ Ř—tuŘĲs a dictioĲaŘƅ coĲtaiĲiĲČ th— succ—ss_scoŘ— aĲd a ı—tŘics dictioĲaŘƅ with 
d—tail—d p—ŘċoŘıaĲc— ı—tŘics. 



 

FiČure ͗͘ - CaıpaiČĲ Success Calculator 



͒.͓. MachiĲe LearĲiĲČ Models 

͒.͓.͐. Mod—l S—l—ctioĲ 

This s—ctioĲ outliĲ—s th— ıachiĲ— l—aŘĲiĲČ aĲd d——p l—aŘĲiĲČ ıod—ls iĲt—ČŘat—d iĲto th— 
dashboaŘd, d—tailiĲČ th— ŘatioĲal— b—hiĲd th—iŘ s—l—ctioĲ, k—ƅ paŘaı—t—Řs, aĲd tŘaiĲiĲČ 
ı—thodoloČi—s. Th— chos—Ĳ ıod—ls aiı to balaĲc— iĲt—ŘpŘ—tabilitƅ, p—ŘċoŘıaĲc—, aĲd suitabilitƅ 
ċoŘ th— sƅĲth—tic adv—ŘtisiĲČ datas—t. 

 

LiĲ—aŘ R—ČŘ—ssioĲ 

Whƅ: LiĲ—aŘ R—ČŘ—ssioĲ was chos—Ĳ ċoŘ its siıplicitƅ aĲd iĲt—ŘpŘ—tabilitƅ, ıakiĲČ it a Čood 
bas—liĲ— ıod—l ċoŘ pŘ—dictiĲČ th— succ—ss scoŘ—. 

xŘ—dictioĲ TaŘČ—t: Succ—ss ScoŘ—. 

9—ƅ xaŘaı—t—Řs/TuĲiĲČ StŘat—Či—s: Utilis—s a pŘ—pŘoc—ssiĲČ pip—liĲ— to haĲdl— Ĳuı—Řical aĲd 
cat—ČoŘical ċ—atuŘ—s. No sp—ciic hƅp—ŘpaŘaı—t—Řs w—Ř— tuĲ—d ċoŘ this ıod—l. 

TŘaiĲiĲČ M—thodoloČƅ: Th— ıod—l is tŘaiĲ—d usiĲČ a staĲdaŘd tŘaiĲ/t—st split. Th— pŘ—pŘoc—ssiĲČ 
pip—liĲ— —ĲsuŘ—s that th— data is appŘopŘiat—lƅ scal—d aĲd —Ĳcod—d b—ċoŘ— tŘaiĲiĲČ. 

 

RidČ— R—ČŘ—ssioĲ 

Whƅ: RidČ— R—ČŘ—ssioĲ was chos—Ĳ to addŘ—ss pot—Ĳtial ıulticolliĲ—aŘitƅ issu—s bƅ addiĲČ a 
Ř—ČulaŘisatioĲ t—Řı, which h—lps iĲ Ř—duciĲČ ıod—l coıpl—Ƅitƅ aĲd pŘ—v—ĲtiĲČ ov—ŘittiĲČ. 
AccoŘdiĲČ to ChaĲ, "A bŘ—akthŘouČh ı—thod to solv— ıulticolliĲ—aŘitƅ caı— iĲ th— ċoŘı oċ ŘidČ— 
Ř—ČŘ—ssioĲ.Ћ  [͕͑] 

xŘ—dictioĲ TaŘČ—t: Succ—ss ScoŘ—. 

9—ƅ xaŘaı—t—Řs/TuĲiĲČ StŘat—Či—s: Th— Ř—ČulaŘisatioĲ stŘ—ĲČth ϼαϽ is a k—ƅ paŘaı—t—Ř, with a 
d—ċault valu— oċ ͐.͏. This caĲ b— tuĲ—d to iĲd th— optiıal balaĲc— b—tw——Ĳ bias aĲd vaŘiaĲc—. 

TŘaiĲiĲČ M—thodoloČƅ: SiıilaŘ to LiĲ—aŘ R—ČŘ—ssioĲ, it us—s a tŘaiĲ/t—st split with a pŘ—pŘoc—ssiĲČ 
pip—liĲ—. 

 

RaĲdoı FoŘ—st 

Whƅ: RaĲdoı FoŘ—st was s—l—ct—d ċoŘ its ŘobustĲ—ss aĲd abilitƅ to haĲdl— ĲoĲ-liĲ—aŘ 
Ř—latioĲships aĲd iĲt—ŘactioĲs b—tw——Ĳ ċ—atuŘ—s. As Ĳot—d bƅ H—ĲČl —t al, "RaĲdoı ċoŘ—st is a 
Č—Ĳ—Řic ċŘaı—woŘk ċoŘ pŘ—dictiv— ıod—lliĲČ oċ spatial aĲd spatio-t—ıpoŘal vaŘiabl—s." [͖͑] 

xŘ—dictioĲ TaŘČ—t: Succ—ss ScoŘ—. 

9—ƅ xaŘaı—t—Řs/TuĲiĲČ StŘat—Či—s: Th— Ĳuıb—Ř oċ tŘ——s ϼĲ_—stiıatoŘsϽ aĲd th— ıaƄiıuı d—pth 
oċ th— tŘ——s ϼıaƄ_d—pthϽ aŘ— k—ƅ paŘaı—t—Řs. Th—s— w—Ř— tuĲ—d to optiıis— ıod—l p—ŘċoŘıaĲc—. 

TŘaiĲiĲČ M—thodoloČƅ: Th— ıod—l is tŘaiĲ—d usiĲČ a tŘaiĲ/t—st split, with pŘ—pŘoc—ssiĲČ to haĲdl— 
ċ—atuŘ— scaliĲČ aĲd —ĲcodiĲČ. 

https://sciwheel.com/work/citation?ids=14998192&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=5697685&pre=&suf=&sa=0&dbf=0


 

XGBoost 

Whƅ: XGBoost was chos—Ĳ ċoŘ its pow—Řċul boostiĲČ alČoŘithı, which oċt—Ĳ Ř—sults iĲ sup—ŘioŘ 
p—ŘċoŘıaĲc— oĲ stŘuctuŘ—d data. AccoŘdiĲČ to Hakkal, " XGBoost is a scalabl— tŘ——-boostiĲČ 
alČoŘithı d—siČĲ—d ċoŘ hiČh p—ŘċoŘıaĲc—, adaptabilitƅ, aĲd ıobilitƅ," [͑͗] 

xŘ—dictioĲ TaŘČ—t: Succ—ss ScoŘ—. 

9—ƅ xaŘaı—t—Řs/TuĲiĲČ StŘat—Či—s: IıpoŘtaĲt paŘaı—t—Řs iĲclud— th— Ĳuıb—Ř oċ boostiĲČ 
ŘouĲds ϼĲ_—stiıatoŘsϽ, ıaƄiıuı tŘ—— d—pth ϼıaƄ_d—pthϽ, aĲd l—aŘĲiĲČ Řat— ϼl—aŘĲiĲČ_Řat—Ͻ. 
Th—s— paŘaı—t—Řs aŘ— cŘucial ċoŘ coĲtŘolliĲČ th— ıod—l's coıpl—Ƅitƅ aĲd l—aŘĲiĲČ pŘoc—ss. 

TŘaiĲiĲČ M—thodoloČƅ: Utilis—s a tŘaiĲ/t—st split with a pŘ—pŘoc—ssiĲČ pip—liĲ— to —ĲsuŘ— data is iĲ 
th— coŘŘ—ct ċoŘıat. 

 

GŘadi—Ĳt BoostiĲČ R—ČŘ—ssoŘ 

Whƅ: This ıod—l was chos—Ĳ ċoŘ its abilitƅ to pŘ—dict th— Click-ThŘouČh Rat— ϼCTRϽ bƅ captuŘiĲČ 
coıpl—Ƅ patt—ŘĲs iĲ th— data. ϼGŘadi—Ĳt BoostiĲČ R—ČŘ—ssoŘ WhƅϽ 

xŘ—dictioĲ TaŘČ—t: CTR. 

9—ƅ xaŘaı—t—Řs/TuĲiĲČ StŘat—Či—s: Th— Ĳuıb—Ř oċ tŘ——s ϼĲ_—stiıatoŘsϽ aĲd th— ıaƄiıuı d—pth 
oċ th— tŘ——s ϼıaƄ_d—pthϽ aŘ— k—ƅ paŘaı—t—Řs that w—Ř— tuĲ—d ċoŘ b—tt—Ř p—ŘċoŘıaĲc—. 

TŘaiĲiĲČ M—thodoloČƅ: SiıilaŘ to oth—Ř ıod—ls, it us—s a tŘaiĲ/t—st split with pŘ—pŘoc—ssiĲČ to 
haĲdl— ċ—atuŘ— scaliĲČ aĲd —ĲcodiĲČ. 

 

T—ĲsoŘFlow N—uŘal N—twoŘk + SHAx EƄplaiĲ—Ř  

Whƅ: Th— T—ĲsoŘFlow N—uŘal N—twoŘk was chos—Ĳ ċoŘ its l—Ƅibilitƅ aĲd abilitƅ to ıod—l coıpl—Ƅ, 
ĲoĲ-liĲ—aŘ Ř—latioĲships. Th— SHAx EƄplaiĲ—Ř is us—d ċoŘ iĲt—ŘpŘ—tabilitƅ, pŘovidiĲČ iĲsiČhts iĲto 
ċ—atuŘ— iıpoŘtaĲc— aĲd ıod—l pŘ—dictioĲs. [͑͘]  

xŘ—dictioĲ TaŘČ—t: Succ—ss ScoŘ—. 

9—ƅ xaŘaı—t—Řs/TuĲiĲČ StŘat—Či—s: Th— ıod—l aŘchit—ctuŘ— iĲclud—s —ıb—ddiĲČ laƅ—Řs ċoŘ 
cat—ČoŘical ċ—atuŘ—s aĲd d—Ĳs— laƅ—Řs ċoŘ Ĳuı—Řical ċ—atuŘ—s. Th— l—aŘĲiĲČ Řat— aĲd batch siz— 
aŘ— paŘaı—t—Řs that caĲ b— tuĲ—d. 

TŘaiĲiĲČ M—thodoloČƅ: Th— ıod—l is tŘaiĲ—d usiĲČ a tŘaiĲ/t—st split with a validatioĲ s—t. Th— 
tŘaiĲiĲČ pŘoc—ss iĲclud—s ıoĲitoŘiĲČ oċ loss aĲd ı—aĲ absolut— —ŘŘoŘ ϼMAEϽ to —ĲsuŘ— th— ıod—l 
is l—aŘĲiĲČ —f—ctiv—lƅ. Th— SHAx EƄplaiĲ—Ř us—s a 9—ŘĲ—lEƄplaiĲ—Ř to pŘovid— iĲt—ŘpŘ—tabilitƅ bƅ 
aĲalƅsiĲČ th— iıpact oċ —ach ċ—atuŘ— oĲ th— ıod—l's pŘ—dictioĲs. 

͒.͓.͑. Mod—l Iıpl—ı—ĲtatioĲ 

Mod—l tŘaiĲiĲČ, pŘ—pŘoc—ssiĲČ aĲd stoŘaČ— w—Ř— iıpl—ı—Ĳt—d to b— as ıodulaŘ as possibl—. Th— 
Mod—lCoĲiČ class is Ř—spoĲsibl— ċoŘ ıaĲaČiĲČ aĲd Ř—Čist—ŘiĲČ tŘaditioĲal ıachiĲ— l—aŘĲiĲČ 
ıod—ls. It pŘovid—s a stŘuctuŘ—d waƅ to haĲdl— dif—Ř—Ĳt ıod—ls aĲd th—iŘ coĲiČuŘatioĲs.  
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Th— class —Ĳcapsulat—s th— coĲiČuŘatioĲ ċoŘ a ıachiĲ— l—aŘĲiĲČ ıod—l, iĲcludiĲČ its Ĳaı—, 
tŘaiĲiĲČ, —valuatioĲ, saviĲČ, aĲd loadiĲČ ċuĲctioĲs, as w—ll as th— ċ—atuŘ—s aĲd taŘČ—t coluıĲ. 
Th— Ř—Čist—Ř_ıod—l ċuĲctioĲ allows ıod—ls to b— Ř—Čist—Ř—d —ith—Ř as a ċuĲctioĲ oŘ a d—coŘatoŘ. It 
stoŘ—s th— ıod—l coĲiČuŘatioĲs iĲ a dictioĲaŘƅ, _ıod—ls, ċoŘ —asƅ Ř—tŘi—val. FuĲctioĲs lik— 
Č—t_availabl—_ıod—ls aĲd Č—t_ıod—l_coĲiČ pŘovid— acc—ss to th— Ř—Čist—Ř—d ıod—ls aĲd th—iŘ 
coĲiČuŘatioĲs. Th— il— iĲclud—s ċuĲctioĲs to sav— aĲd load ıod—l ı—tŘics to aĲd ċŘoı 7SON 
il—s, allowiĲČ ċoŘ p—Řsist—Ĳt stoŘaČ— oċ ıod—l p—ŘċoŘıaĲc— data. 

 

FiČure ͙͗ - Model CoĲiČ Class 

 

A s—paŘat— scŘipt is us—d to tŘaiĲ th— ıachiĲ— l—aŘĲiĲČ ıod—ls. It oŘch—stŘat—s th— —ĲtiŘ— tŘaiĲiĲČ 
pŘoc—ss, ċŘoı data pŘ—paŘatioĲ to ıod—l —valuatioĲ. Each ıod—l is d—iĲ—d iĲ its Ř—sp—ctiv— 
ıodul— withiĲ th— scikit diŘ—ctoŘƅ. Th—s— ıodul—s coĲtaiĲ ċuĲctioĲs ċoŘ tŘaiĲiĲČ, —valuatiĲČ, 
saviĲČ, aĲd loadiĲČ th— ıod—ls. Th— ıod—ls aŘ— Ř—Čist—Ř—d iĲ tŘaiĲiĲČ.pƅ usiĲČ th— 
Ř—Čist—Ř_ıod—l ċuĲctioĲ, which liĲks th— ıod—l's ċuĲctioĲs aĲd ċ—atuŘ—s to a Mod—lCoĲiČ 
obj—ct. 

 



 

FiČure ͚͗ - TraiĲ aĲd Evaluate FuĲctioĲ 

 

Th— T—ĲsoŘFlow ıod—l was Ĳot iĲclud—d iĲ th— ıod—l Ř—ČistŘƅ as th—Ř— is a dif—Ř—Ĳt tŘaiĲiĲČ, 
—valuatiĲČ aĲd pŘoc—ssiĲČ pŘoc—ss. 

Th— ıod—l.pƅ il— iĲ th— Ĳ—uŘal diŘ—ctoŘƅ d—iĲ—s a T—ĲsoŘFlow Ĳ—uŘal Ĳ—twoŘk ıod—l ċoŘ 
pŘ—dictiĲČ caıpaiČĲ succ—ss scoŘ—s. 

• Th— pŘ—pŘoc—ss_data ċuĲctioĲ haĲdl—s th— —ĲcodiĲČ oċ cat—ČoŘical ċ—atuŘ—s aĲd scaliĲČ 
oċ Ĳuı—Řical ċ—atuŘ—s, usiĲČ Lab—lEĲcod—Ř aĲd StaĲdaŘdScal—Ř. 

• Th— build_ıod—l ċuĲctioĲ coĲstŘucts a Ĳ—uŘal Ĳ—twoŘk with —ıb—ddiĲČs ċoŘ cat—ČoŘical 
ċ—atuŘ—s aĲd d—Ĳs— laƅ—Řs ċoŘ Ĳuı—Řical ċ—atuŘ—s. It coıpil—s th— ıod—l with aĲ Adaı 
optiıis—Ř aĲd ı—aĲ sŗuaŘ—d —ŘŘoŘ loss. 

• Th— tŘaiĲ_ıod—l ċuĲctioĲ tŘaiĲs th— Ĳ—uŘal Ĳ—twoŘk usiĲČ th— pŘ—-pŘoc—ss—d data, with 
optioĲs ċoŘ batch siz—, —pochs, aĲd validatioĲ split. 

• The —valuat—_ıod—l ċuĲctioĲ ass—ss—s th— ıod—l's p—ŘċoŘıaĲc— usiĲČ RMSE, MAE, aĲd 
R² ı—tŘics. 

• FuĲctioĲs aŘ— pŘovid—d to sav— aĲd load th— tŘaiĲ—d ıod—l aĲd its —valuatioĲ ı—tŘics, 
—ĲsuŘiĲČ that th— ıod—l caĲ b— Ř—us—d without Ř—tŘaiĲiĲČ. 

 

This stŘuctuŘ—d appŘoach allow—d ċoŘ —fici—Ĳt ıaĲaČ—ı—Ĳt, tŘaiĲiĲČ, aĲd iĲt—ČŘatioĲ oċ both 
tŘaditioĲal aĲd Ĳ—uŘal Ĳ—twoŘk ıod—ls withiĲ th— pŘoj—ct. 

 



͒.͔. D—iĲitioĲ oċ "Succ—ss ScoŘ—" 

Th— "succ—ss scoŘ—" is a taŘČ—t vaŘiabl— —ĲČiĲ——Ř—d to Ř—pŘ—s—Ĳt th— ov—Řall —f—ctiv—Ĳ—ss oċ a 
caıpaiČĲ. It is a coıposit— ı—tŘic that coıbiĲ—s vaŘious p—ŘċoŘıaĲc— iĲdicatoŘs such as 
Click-ThŘouČh Rat— ϼCTRϽ, coĲv—ŘsioĲs, aĲd oth—Ř —ĲČaČ—ı—Ĳt ı—tŘics. Th— —Ƅact ċoŘıulatioĲ oċ 
th— succ—ss scoŘ— is d—siČĲ—d to Ř—l—ct th— sp—ciic Čoals aĲd pŘioŘiti—s oċ th— caıpaiČĲ, 
—ĲsuŘiĲČ that th— ıod—l's pŘ—dictioĲs aliČĲ with th— d—siŘ—d outcoı—s. 

 

͒.͕. Tools aĲd techĲoloČies 

Th— d—v—lopı—Ĳt oċ this dashboaŘd l—v—ŘaČ—s a vaŘi—tƅ oċ tools aĲd t—chĲoloČi—s to —ĲsuŘ— 
Řobust data pŘoc—ssiĲČ, ıod—l tŘaiĲiĲČ, aĲd us—Ř iĲt—ŘactioĲ thŘouČh a dashboaŘd. B—low is aĲ 
ov—Řvi—w oċ th— k—ƅ tools aĲd t—chĲoloČi—s us—d acŘoss th— pŘoj—ct: 

xƅthoĲ: Th— pŘiıaŘƅ pŘoČŘaııiĲČ laĲČuaČ— us—d ċoŘ d—v—lopiĲČ th— pŘoj—ct. xƅthoĲ's —Ƅt—Ĳsiv— 
libŘaŘi—s aĲd ċŘaı—woŘks ıak— it id—al ċoŘ data aĲalƅsis, ıachiĲ— l—aŘĲiĲČ, aĲd w—b 
d—v—lopı—Ĳt. 

Nuıxƅ aĲd xaĲdas: Th—s— libŘaŘi—s aŘ— us—d ċoŘ data ıaĲipulatioĲ aĲd aĲalƅsis. Th—ƅ pŘovid— 
pow—Řċul data stŘuctuŘ—s aĲd ċuĲctioĲs to haĲdl— laŘČ— datas—ts —fici—Ĳtlƅ. [͒͏] 

Scikit-l—aŘĲ: Utilis—d ċoŘ iıpl—ı—ĲtiĲČ tŘaditioĲal ıachiĲ— l—aŘĲiĲČ ıod—ls such as LiĲ—aŘ 
R—ČŘ—ssioĲ, RidČ— R—ČŘ—ssioĲ, RaĲdoı FoŘ—st, aĲd XGBoost. Scikit-l—aŘĲ of—Řs a wid— ŘaĲČ— oċ 
alČoŘithıs aĲd tools ċoŘ ıod—l tŘaiĲiĲČ aĲd —valuatioĲ. [͒͐] 

T—ĲsoŘFlow: Eıploƅ—d ċoŘ buildiĲČ aĲd tŘaiĲiĲČ Ĳ—uŘal Ĳ—twoŘk ıod—ls. T—ĲsoŘFlow's l—Ƅibilitƅ 
aĲd scalabilitƅ ıak— it suitabl— ċoŘ coıpl—Ƅ d——p l—aŘĲiĲČ tasks. [͑͘] 

StŘ—aılit: A ċŘaı—woŘk us—d to cŘ—at— th— iĲt—Řactiv— dashboaŘd. StŘ—aılit allows ċoŘ Řapid 
d—v—lopı—Ĳt oċ w—b applicatioĲs with ıiĲiıal —foŘt, pŘovidiĲČ a us—Ř-ċŘi—Ĳdlƅ iĲt—Řċac— ċoŘ 
visualisiĲČ aĲd iĲt—ŘactiĲČ with data. [͐͘] 

xlotlƅ: Us—d ċoŘ cŘ—atiĲČ iĲt—Řactiv— visualisatioĲs withiĲ th— dashboaŘd. xlotlƅ's iĲt—ČŘatioĲ with 
StŘ—aılit —Ĳabl—s th— Ř—Ĳd—ŘiĲČ oċ dƅĲaıic chaŘts aĲd ČŘaphs that —ĲhaĲc— data —ƄploŘatioĲ. 
[͑͏] 

Lab—lEĲcod—Ř aĲd StaĲdaŘdScal—Ř: xaŘt oċ Scikit-l—aŘĲ, th—s— tools aŘ— us—d ċoŘ —ĲcodiĲČ 
cat—ČoŘical vaŘiabl—s aĲd scaliĲČ Ĳuı—Řical ċ—atuŘ—s, Ř—sp—ctiv—lƅ. Th—ƅ —ĲsuŘ— that th— data is 
iĲ a suitabl— ċoŘıat ċoŘ ıod—l tŘaiĲiĲČ. 

7oblib aĲd xickl—: Th—s— libŘaŘi—s aŘ— us—d ċoŘ s—ŘialisiĲČ aĲd d—s—ŘialisiĲČ xƅthoĲ obj—cts, such 
as ıod—ls aĲd —Ĳcod—Řs. This allows ċoŘ —fici—Ĳt stoŘaČ— aĲd Ř—tŘi—val oċ tŘaiĲ—d ıod—ls aĲd 
pŘ—pŘoc—ssiĲČ tools. 

ModulaŘ D—siČĲ: Th— pŘoj—ct is oŘČaĲis—d iĲto distiĲct ıodul—s, —ach Ř—spoĲsibl— ċoŘ sp—ciic 
tasks such as data loadiĲČ, ıod—l tŘaiĲiĲČ, aĲd dashboaŘd Ř—Ĳd—ŘiĲČ. This ıodulaŘ appŘoach 
—ĲhaĲc—s ıaiĲtaiĲabilitƅ aĲd scalabilitƅ. 

Mod—l R—ČistŘƅ: Iıpl—ı—Ĳt—d iĲ Ř—ČistŘƅ.pƅ, th— ıod—l Ř—ČistŘƅ ıaĲaČ—s th— coĲiČuŘatioĲ aĲd 
Ř—ČistŘatioĲ oċ ıachiĲ— l—aŘĲiĲČ ıod—ls. It pŘovid—s a c—ĲtŘalis—d waƅ to haĲdl— dif—Ř—Ĳt 
ıod—ls aĲd th—iŘ associat—d ċuĲctioĲs. 
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CoĲiČuŘatioĲ MaĲaČ—ı—Ĳt: Th— coĲiČ diŘ—ctoŘƅ is us—d to stoŘ— coĲiČuŘatioĲ il—s aĲd 
s—ttiĲČs, —ĲsuŘiĲČ that th— pŘoj—ct caĲ b— —asilƅ coĲiČuŘ—d aĲd adapt—d to dif—Ř—Ĳt 
—ĲviŘoĲı—Ĳts oŘ datas—ts. 

V—ŘsioĲ CoĲtŘol: Git is us—d ċoŘ v—ŘsioĲ coĲtŘol, allowiĲČ ċoŘ —fici—Ĳt tŘackiĲČ oċ chaĲČ—s aĲd 
collaboŘatioĲ aıoĲČ t—aı ı—ıb—Řs. 

EĲviŘoĲı—Ĳt MaĲaČ—ı—Ĳt: ViŘtual —ĲviŘoĲı—Ĳts aŘ— us—d to ıaĲaČ— d—p—Ĳd—Ĳci—s aĲd —ĲsuŘ— 
that th— pŘoj—ct ŘuĲs coĲsist—Ĳtlƅ acŘoss dif—Ř—Ĳt sƅst—ıs. 

Bƅ l—v—ŘaČiĲČ th—s— tools aĲd t—chĲoloČi—s, th— pŘoj—ct achi—v—s a hiČh l—v—l oċ ċuĲctioĲalitƅ aĲd 
us—Ř —ĲČaČ—ı—Ĳt, pŘovidiĲČ valuabl— iĲsiČhts iĲto adv—ŘtisiĲČ caıpaiČĲ p—ŘċoŘıaĲc—. 

 

͓. Results aĲd EvaluatioĲ 

͓.͐. EvaluatioĲ StrateČƅ 

This s—ctioĲ outliĲ—s th— stŘat—Čƅ us—d to —valuat— th— ıachiĲ— l—aŘĲiĲČ ıod—ls d—v—lop—d iĲ 
this pŘoj—ct. It ċocus—s oĲ th— ŘatioĲal— aĲd ı—thods chos—Ĳ to ass—ss ıod—l accuŘacƅ, 
Č—Ĳ—ŘalisatioĲ, ŘobustĲ—ss, aĲd tŘaĲspaŘ—Ĳcƅ, Čiv—Ĳ th— liıitatioĲs oċ woŘkiĲČ with sƅĲth—tic 
data. 

 

͓.͐.͐. xŘ—dictiv— AccuŘacƅ 

Th— pŘiıaŘƅ —valuatioĲ cŘit—Řia ċoŘ th— Ř—ČŘ—ssioĲ ıod—ls w—Ř—: 

• R² ϼCo—fici—Ĳt oċ D—t—ŘıiĲatioĲϽ: M—asuŘ—s th— pŘopoŘtioĲ oċ vaŘiaĲc— iĲ th— d—p—Ĳd—Ĳt 
vaŘiabl— —ƄplaiĲ—d bƅ th— ıod—l. A hiČh—Ř R² iĲdicat—s b—tt—Ř —ƄplaĲatoŘƅ pow—Ř. 

• MAE ϼM—aĲ Absolut— EŘŘoŘϽ: CaptuŘ—s th— av—ŘaČ— ıaČĲitud— oċ —ŘŘoŘs iĲ pŘ—dictioĲs, 
without coĲsid—ŘiĲČ th—iŘ diŘ—ctioĲ. 

• RMSE ϼRoot M—aĲ SŗuaŘ—d EŘŘoŘϽ: SiıilaŘ to MAE but p—Ĳalis—s laŘČ—Ř —ŘŘoŘs ıoŘ— 
h—avilƅ, pŘovidiĲČ a ıoŘ— s—Ĳsitiv— ı—asuŘ— oċ —ŘŘoŘ ıaČĲitud—. 

Th—s— w—Ř— appli—d to pŘ—dictioĲs oĲ a hold-out t—st s—t ϼ͑͏% oċ th— datas—tϽ. Th—s— ı—tŘics 
w—Ř— chos—Ĳ ċoŘ th—iŘ coıpl—ı—ĲtaŘƅ pŘop—Řti—s aĲd wid—spŘ—ad us— iĲ Ř—ČŘ—ssioĲ tasks [͒͑]. 

 

͓.͐.͑. G—Ĳ—ŘalisatioĲ Ass—ssı—Ĳt 

Mod—l ov—ŘittiĲČ was id—Ĳtii—d bƅ coıpaŘiĲČ R² scoŘ—s b—tw——Ĳ tŘaiĲiĲČ aĲd t—st s—ts: 

• RidČ— aĲd LiĲ—aŘ R—ČŘ—ssioĲ had Ř—lativ—lƅ sıall Čaps, iĲdicatiĲČ Čood Č—Ĳ—ŘalisatioĲ. 
• RaĲdoı FoŘ—st aĲd XGBoost d—ıoĲstŘat—d ov—ŘittiĲČ, as showĲ bƅ laŘČ— dŘops iĲ R² 

ċŘoı tŘaiĲiĲČ to t—st s—ts. 

This aliČĲs with kĲowĲ Řisks oċ hiČh-capacitƅ ıod—ls ov—ŘittiĲČ sıall oŘ sƅĲth—tic datas—ts [͒͒]. 
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͓.͐.͒.  CŘoss-validatioĲ ċoŘ RobustĲ—ss 

All ıod—ls uĲd—Řw—Ĳt ͔-ċold cŘoss-validatioĲ to —valuat— stabilitƅ. Th— ı—aĲ aĲd staĲdaŘd 
d—viatioĲ oċ R² scoŘ—s w—Ř— Ř—coŘd—d: 

• Low—Ř staĲdaŘd d—viatioĲ suČČ—sts coĲsist—Ĳt p—ŘċoŘıaĲc— acŘoss ċolds. 
• RidČ— R—ČŘ—ssioĲ was th— ıost stabl—, with th— sıall—st cŘoss-validatioĲ vaŘiaĲc—. 

CŘoss-validatioĲ is a pŘov—Ĳ ı—thod to —stiıat— ıod—l p—ŘċoŘıaĲc— oĲ uĲs——Ĳ data [͓͒]. 

 

͓.͐.͓.  R—sidual AĲalƅsis 

Th— Ř—siduals oċ RidČ— R—ČŘ—ssioĲ w—Ř— plott—d: 

• A ŘaĲdoı scatt—Ř aŘouĲd z—Řo iĲ th— Ř—siduals vs pŘ—dict—d plot suppoŘts ıod—l 
appŘopŘiat—Ĳ—ss. 

• Th— histoČŘaı oċ Ř—siduals appŘoƄiıat—d a ĲoŘıal distŘibutioĲ, validatiĲČ k—ƅ 
assuıptioĲs iĲ liĲ—aŘ ıod—lliĲČ. 

Th—s— visual ch—cks Ř—iĲċoŘc— th— statistical validitƅ oċ th— RidČ— R—ČŘ—ssioĲ ıod—l. 

 

͓.͐.͔. IĲt—ŘpŘ—tabilitƅ: SHAx AĲalƅsis 

Th— T—ĲsoŘFlow ıod—l was aĲalƅs—d usiĲČ SHAx to iıpŘov— iĲt—ŘpŘ—tabilitƅ: 

• Th— SHAx suııaŘƅ plot hiČhliČht—d th— ıost iĲlu—Ĳtial ċ—atuŘ—s oĲ pŘ—dictioĲs. 

• SHAx —Ĳabl—s coĲsist—Ĳt —ƄplaĲatioĲs acŘoss coıpl—Ƅ ıod—ls, which is —sp—ciallƅ 
iıpoŘtaĲt wh—Ĳ usiĲČ Ĳ—uŘal Ĳ—twoŘks iĲ hiČh-stak—s applicatioĲs. ϼGo—l ͑͏͑͒Ͻ 
 

͓.͐.͕. L—aŘĲiĲČ DƅĲaıics ċoŘ N—uŘal N—twoŘk 

To —valuat— tŘaiĲiĲČ dƅĲaıics, loss aĲd MAE ov—Ř —pochs w—Ř— plott—d ċoŘ th— Ĳ—uŘal Ĳ—twoŘk: 

• Rapid —aŘlƅ coĲv—ŘČ—Ĳc— aĲd plat—auiĲČ validatioĲ cuŘv—s suČČ—st —fici—Ĳt but liıit—d 
l—aŘĲiĲČ capacitƅ. 

• SliČht uĲd—Řp—ŘċoŘıaĲc— oĲ validatioĲ suČČ—sts a Ĳ——d ċoŘ ċuŘth—Ř tuĲiĲČ oŘ 
aŘchit—ctuŘal adjustı—Ĳts. 
 

 

͓.͑. QuaĲtitative Model Results 

This s—ctioĲ Ř—poŘts th— p—ŘċoŘıaĲc— outcoı—s oċ —ach ıachiĲ— l—aŘĲiĲČ ıod—l acŘoss th— 
s—l—ct—d ı—tŘics, bas—d oĲ th— —valuatioĲ ı—thods outliĲ—d iĲ S—ctioĲ ͓.͐. 

 

͓.͑.͐. x—ŘċoŘıaĲc— SuııaŘƅ 

Th— ċollowiĲČ tabl— suııaŘis—s th— t—st s—t Ř—sults ċoŘ all ıod—ls: 
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Table ͖ - Model xerċorıaĲce 

RidČ— R—ČŘ—ssioĲ coĲsist—Ĳtlƅ outp—ŘċoŘı—d oth—Řs acŘoss all ı—tŘics, of—ŘiĲČ th— b—st tŘad—-
of b—tw——Ĳ accuŘacƅ aĲd ŘobustĲ—ss. LiĲ—aŘ R—ČŘ—ssioĲ was a clos— s—coĲd, iĲdicatiĲČ th— 
pŘobl—ı stŘuctuŘ— ıaƅ ċavouŘ liĲ—aŘ ıod—ls. XGBoost aĲd RaĲdoı FoŘ—st p—ŘċoŘı—d w—ll oĲ 
tŘaiĲiĲČ data but show—d ov—ŘittiĲČ duŘiĲČ t—stiĲČ. 

 

FiČure ͗͛ - TraiĲiĲČ vs Test Bar 

 

FiČure ͗͜ - R^͗ CoıparisoĲ 



 

FiČure ͗͝ - MAE/RMSE CoıparisoĲ 

 

FiČure ͗͞ - Cross ValidatioĲ Scores 

 

͓.͑.͑. xŘ—dict—d vs Actual Fit 

 

Th— pŘ—dict—d vs actual plot ċoŘ RidČ— R—ČŘ—ssioĲ ϼFiČuŘ— ͒͐Ͻ shows a Ř—asoĲablƅ stŘoĲČ liĲ—aŘ 
coŘŘ—latioĲ, thouČh soı— uĲd—Ř—stiıatioĲ occuŘs at hiČh—Ř succ—ss scoŘ—s. This suppoŘts th— 
R² oċ ͏.͓͓͘ aĲd shows th— ıod—l captuŘ—s bŘoad tŘ—Ĳds but Ĳot —ƄtŘ—ı— valu—s. 



 

FiČure ͕͘ - RidČe xredicted vs Actual 

 

͓.͑.͒. R—sidual DistŘibutioĲ 

Th— Ř—sidual plot ϼFiČuŘ— ͒͑Ͻ shows: 

• No cl—aŘ patt—ŘĲ, which is Čood 

• Mod—Řat— h—t—Řosc—dasticitƅ 

• A Ĳ—aŘ-ĲoŘıal distŘibutioĲ aŘouĲd z—Řo 

Th—s— aŘ— ċavouŘabl— iĲdicatoŘs ċoŘ a liĲ—aŘ ıod—lЍs Ř—liabilitƅ oĲ this datas—t. 

 

FiČure ͖͘ - RidČe Residuals 

 



͓.͑.͓. xaŘaı—t—Ř TuĲiĲČ aĲd Optiıal CoĲiČuŘatioĲ 

 

Each ıod—l uĲd—Řw—Ĳt iĲdividual paŘaı—t—Ř tuĲiĲČ, usiĲČ ČŘid oŘ ıaĲual s—aŘch stŘat—Či—s: 

• RidČ— R—ČŘ—ssioĲ: Optiıis—d α = ͐͏.͏ ƅi—ld—d low—st RMSE aĲd hiČh—st R² ϼs—— FiČuŘ— 
͔͒Ͻ. 

• XGBoost: B—st p—ŘċoŘıaĲc— was achi—v—d at ıaƄ_d—pth=͒ aĲd l—aŘĲiĲČ_Řat—=͏.͏͔, 
iıpŘoviĲČ balaĲc— b—tw——Ĳ bias aĲd vaŘiaĲc—. ϼs—— FiČuŘ— ͕͒ aĲd ͖͒Ͻ 

• RaĲdoı FoŘ—st: Stabilitƅ iıpŘov—d with Ĳ_—stiıatoŘs=͒͏͏, thouČh ov—ŘittiĲČ Ř—ıaiĲ—d 
a coĲc—ŘĲ. ϼs—— FiČuŘ— ͒͒ aĲd ͓͒Ͻ 

Th— iČuŘ—s b—low show all oċ th— p—ŘċoŘıaĲc— iıpacts wh—Ĳ th— ıod—ls w—Ř— tuĲ—d. With 
iČuŘ— ͒͘ showiĲČ th— ıost optiıal tuĲiĲČ paŘaı—t—Řs. 

 

FiČure ͗͘ - RF MaƄ Depth Iıpact 

 

FiČure ͘͘ - RF Nuıber oċ Estiıators Iıpact 



 

FiČure ͙͘ - RidČe Alpha Iıpact 

 

FiČure ͚͘ - XGBoost 6earĲiĲČ Rate Iıpact 

 

FiČure ͛͘ - XGBoost MaƄ Depth Iıpact 



 

FiČure ͘͜ - XGBoost Nuıber oċ Estiıators Iıpact 

 

FiČure ͘͝ - Best xaraıeters 

This pŘoc—ss iıpŘov—d bas—liĲ— p—ŘċoŘıaĲc— iĲ all ıod—ls, d—ıoĲstŘatiĲČ that —v—Ĳ basic 
tuĲiĲČ has a ı—asuŘabl— iıpact oĲ Ř—ČŘ—ssioĲ outcoı—s [͔͒]. 

 

͓.͑.͔.  N—uŘal N—twoŘk R—sults 

As visualis—d iĲ FiČuŘ— ͓͏, th— ıod—l shows: 

• Rapid coĲv—ŘČ—Ĳc— oċ both tŘaiĲiĲČ aĲd validatioĲ loss withiĲ th— iŘst ͐͏ —pochs. 

• A plat—au aŘouĲd —poch ͑͏, with tŘaiĲiĲČ MAE stabilisiĲČ Ĳ—aŘ ͕.͏͕ aĲd validatioĲ MAE 
oĲlƅ sliČhtlƅ hiČh—Ř. 

• A iĲal t—st R² oċ ͏.͖͕͒, which was th— hiČh—st aıoĲČ all ıod—ls. 

 

Th—s— ı—tŘics suČČ—st th— ıod—l it th— tŘaiĲiĲČ data w—ll aĲd Ř—taiĲ—d stŘoĲČ Č—Ĳ—ŘalisatioĲ 
pŘop—Řti—s d—spit— th— coıpl—Ƅitƅ oċ Ĳ—uŘal aŘchit—ctuŘ—s. 

https://sciwheel.com/work/citation?ids=8596959&pre=&suf=&sa=0&dbf=0


 

 

FiČure ͘͞ - TeĲsorFlow AĲalƅsis 

 

Th— Ĳ—uŘal Ĳ—twoŘk is th— b—st choic— ċoŘ succ—ss scoŘ— pŘ—dictioĲ. 
 

͓.͒. Qualitative EvaluatioĲ 

Whil— ŗuaĲtitativ— ı—tŘics such as R² aĲd RMSE pŘovid— iĲsiČht iĲto ıod—l accuŘacƅ, th—ƅ do 
Ĳot captuŘ— how uĲd—ŘstaĲdabl— oŘ usabl— a ıod—l is to its —Ĳd us—Řs. This s—ctioĲ —valuat—s 
ŗualitativ— asp—cts oċ th— sƅst—ı, iĲcludiĲČ ıod—l iĲt—ŘpŘ—tabilitƅ, dashboaŘd usabilitƅ, aĲd th— 
aliČĲı—Ĳt oċ —ƄplaĲatioĲs with doıaiĲ —Ƅp—ctatioĲs. 

 

͓.͒.͐. Mod—l IĲt—ŘpŘ—tabilitƅ with SHAx 

Th— output oċ SHAx aĲalƅsis is suııaŘis—d iĲ FiČuŘ— ͓͐, which pŘ—s—Ĳts th— ı—aĲ absolut— 
SHAx valu—s ċoŘ all iĲput ċ—atuŘ—s. Th—s— valu—s Ř—l—ct th— av—ŘaČ— ıaČĲitud— oċ iĲlu—Ĳc— —ach 
ċ—atuŘ— had acŘoss all pŘ—dictioĲs, Ř—ČaŘdl—ss oċ diŘ—ctioĲ ϼpositiv— oŘ Ĳ—Čativ—Ͻ. 



 

FiČure ͙͕ - Absolute SHAx IıportaĲce 

 

9—ƅ IĲsiČhts ċŘoı Global F—atuŘ— IıpoŘtaĲc— 

• xŘ—-s—ssioĲ DuŘatioĲ, xost-s—ssioĲ DuŘatioĲ, aĲd S—asoĲalitƅ —ı—ŘČ—d as th— thŘ—— 
ıost iĲlu—Ĳtial ċ—atuŘ—s. Th—iŘ hiČh SHAx valu—s suČČ—st th—s— us—Ř —ĲČaČ—ı—Ĳt 
ı—tŘics aŘ— cŘucial pŘ—dictoŘs oċ caıpaiČĲ succ—ss. 

• Click-ThŘouČh Rat— ϼCTRϽ aĲd Coıpl—tioĲ Rat— also scoŘ—d hiČhlƅ, Ř—iĲċoŘciĲČ th—iŘ 
Ř—l—vaĲc— as outcoı—-liĲk—d b—haviouŘal ı—tŘics. 

• F—atuŘ—s such as xŘoduct Tƅp—, xlatċoŘı, aĲd Total Clicks coĲtŘibut—d ıod—Řat—lƅ to th— 
pŘ—dictioĲs, iĲdicatiĲČ that coĲt—Ĳt cat—ČoŘisatioĲ aĲd d—liv—Řƅ ı—diuı iĲlu—Ĳc— 
—Ƅp—ct—d p—ŘċoŘıaĲc—. 

• CoĲv—Řs—lƅ, vaŘiabl—s lik— CoĲt—Ĳt Tƅp—, AČ— GŘoup TaŘČ—t, aĲd Cost p—Ř IıpŘ—ssioĲ had 
coıpaŘativ—lƅ low—Ř iĲlu—Ĳc— oĲ ıod—l pŘ—dictioĲs, suČČ—stiĲČ th—s— paŘaı—t—Řs 
plaƅ—d a ıiĲiıal Řol— iĲ shapiĲČ th— outcoı— withiĲ th— sƅĲth—tic datas—t. 

 

This distŘibutioĲ aliČĲs with adv—ŘtisiĲČ iĲtuitioĲ: us—Ř —ĲČaČ—ı—Ĳt ı—tŘics aĲd histoŘical 
Ř—spoĲs— iĲdicatoŘs tƅpicallƅ caŘŘƅ stŘoĲČ—Ř siČĲals thaĲ d—ıoČŘaphic oŘ cat—ČoŘical ċ—atuŘ—s, 
—sp—ciallƅ iĲ diČital VOD —ĲviŘoĲı—Ĳts wh—Ř— s—ssioĲ b—haviouŘ Ř—l—cts vi—w—Ř satisċactioĲ. 

 



͓.͒.͑. Sƅst—ı TŘaĲspaŘ—Ĳcƅ aĲd TŘust 

FŘoı a us—Ř-ċaciĲČ p—Řsp—ctiv—, iĲt—ŘpŘ—tabilitƅ t—chĲiŗu—s lik— SHAx h—lp build tŘust iĲ th— 
sƅst—ı: 

• Ev—Ĳ basic plots Čiv— us—Řs a s—Ĳs— oċ whƅ th— ıod—l Ř—coıı—Ĳds c—ŘtaiĲ caıpaiČĲ 
stŘat—Či—s. 

• Th— iĲt—ČŘatioĲ oċ th—s— —ƄplaĲatioĲs iĲto th— back—Ĳd oċ th— dashboaŘd —ĲsuŘ—s that 
pŘ—dictioĲs aŘ— Ĳot tŘ—at—d as Њblack boƄ—s.Ћ 

This aliČĲs w—ll with ACMЍs positioĲ that ЊtŘaĲspaŘ—Ĳcƅ ıust b— paiŘ—d with pŘoc—ss—s ċoŘ 
accouĲtabilitƅ that —Ĳabl— stak—hold—Řs iıpact—d bƅ aĲ alČoŘithıic sƅst—ı to s——k ı—aĲiĲČċul 
Ř—dŘ—ss ċoŘ haŘıs doĲ—Ћ [͒]. 

 

͓.͒.͒. DashboaŘd Usabilitƅ ϼH—uŘistic R—vi—wϽ 
To —valuat— th— usabilitƅ oċ th— dashboaŘd without acc—ss to —Ƅt—ŘĲal paŘticipaĲts, a s—lċ-Čuid—d 
h—uŘistic —valuatioĲ was coĲduct—d usiĲČ Ni—ls—ĲЍs ͐͏ Usabilitƅ H—uŘistics ċoŘ us—Ř iĲt—Řċac— 
d—siČĲ ϼNi—ls—Ĳ ͓͐͘͘Ͻ. Th—s— h—uŘistics aŘ— a wid—lƅ acc—pt—d ċŘaı—woŘk ċoŘ id—ĲtiċƅiĲČ 
coııoĲ usabilitƅ issu—s aĲd ass—ssiĲČ th— iĲtuitiv—Ĳ—ss, —fici—Ĳcƅ, aĲd claŘitƅ oċ us—Ř 
iĲt—Řċac—s. 

Each h—uŘistic was Ř—vi—w—d bƅ iĲt—ŘactiĲČ with th— dashboaŘd ċŘoı th— p—Řsp—ctiv— oċ a iŘst-
tiı— us—Ř, coıpl—tiĲČ k—ƅ tasks such as subıittiĲČ caıpaiČĲ iĲputs, Č—Ĳ—ŘatiĲČ pŘ—dictioĲs, 
aĲd iĲt—ŘpŘ—tiĲČ Ř—sults. 

 

H—uŘistic D—scŘiptioĲ StŘ—ĲČths Obs—Řv—d
  

Issu—s Id—Ĳtii—d / 
Coıı—Ĳts 

͐. Visibilitƅ oċ sƅst—ı 
status 

Th— sƅst—ı should 
alwaƅs k——p us—Řs 
iĲċoŘı—d about what 
is ČoiĲČ oĲ. 

Wh—Ĳ a tab is 
loadiĲČ, a ıaŘk—d 
loadiĲČ iĲdicatoŘ is 
displaƅ—d. 

 

͑. Match b—tw——Ĳ 
th— sƅst—ı aĲd th— 
Ř—al woŘld 

Th— sƅst—ı should 
sp—ak th— us—ŘsЍ 
laĲČuaČ— aĲd ċollow 
Ř—al-woŘld 
coĲv—ĲtioĲs. 

Soı— iĲdustŘƅ t—Řıs 
aŘ— lab—ll—d aĲd 
d—scŘib—d. Each 
visualisatioĲ 
coĲtaiĲs aĲ 
iĲt—ŘpŘ—tatioĲ. 

Th—Ř— aŘ— still soı— 
that aŘ— Ĳot lab—ll—d.  

͒. Us—Ř coĲtŘol aĲd 
ċŘ——doı 

Us—Řs Ĳ——d a ıaŘk—d 
Њ—ı—ŘČ—Ĳcƅ —Ƅit.Ћ 

Th— sƅst—ı ŘuĲs iĲ a 
bŘows—Ř. M—aĲiĲČ 
us—Řs caĲ clos— th— 
tab oŘ th— bŘows—Ř 
its—lċ.  

Th—Ř— is Ĳo —Ƅit iĲsid— 
th— w—b applicatioĲ 
its—lċ. 

͓. CoĲsist—Ĳcƅ aĲd 
staĲdaŘds 

Us—Řs should Ĳot 
hav— to woĲd—Ř 
wh—th—Ř dif—Ř—Ĳt 
—l—ı—Ĳts ı—aĲ th— 
saı— thiĲČ. 

Th— laƅout is 
coĲsist—Ĳt acŘoss th— 
ov—Řvi—w aĲd 
—ƄploŘ—Ř tab.  

Th— OptiıisatioĲ tab 
could hav— a ıoŘ— 
coĲsist—Ĳt iĲput ċoŘı 
oĲ both th— pŘ—-ŘuĲ 
aĲd post-ŘuĲ tabs 

https://sciwheel.com/work/citation?ids=17827682&pre=&suf=&sa=0&dbf=0


͔. EŘŘoŘ pŘ—v—ĲtioĲ Th— iĲt—Řċac— should 
h—lp pŘ—v—Ĳt 
pŘobl—ıs b—ċoŘ— th—ƅ 
occuŘ. 

No —ŘŘoŘs w—Ř— ċouĲd 
wh—Ĳ usiĲČ th— app. 
Th—Ř— is sufici—Ĳt 
back—Ĳd —ŘŘoŘ 
ch—ckiĲČ, so iċ th—Ř— 
is, th— —ĲtiŘ— sƅst—ı 
do—s Ĳot bŘ—ak. 

 

͕. R—coČĲitioĲ Řath—Ř 
thaĲ Ř—call 

R—duc— ı—ıoŘƅ load 
bƅ ıakiĲČ actioĲs 
aĲd optioĲs visibl—. 

FoŘı iĲput i—lds 
coĲtaiĲ a tooltip. 

 

͖. Fl—Ƅibilitƅ aĲd 
—fici—Ĳcƅ oċ us— 

SuppoŘt both Ĳovic— 
aĲd —Ƅp—Řt us—Řs. 

Tabs aŘ— lab—ll—d 
d—scŘiptiv—lƅ, aĲd 
buttoĲs aŘ— —asƅ to 
uĲd—ŘstaĲd. 

Th— sƅst—ı would b— 
dificult ċoŘ soı—oĲ— 
to us— without aĲƅ 
kĲowl—dČ— oċ 
adv—ŘtisiĲČ.  

͗. A—sth—tic aĲd 
ıiĲiıalist d—siČĲ 

IĲt—Řċac—s should Ĳot 
coĲtaiĲ iŘŘ—l—vaĲt oŘ 
ŘaŘ—lƅ us—d 
iĲċoŘıatioĲ. 

Th— iĲt—Řċac— is 
a—sth—ticallƅ 
pl—asiĲČ aĲd do—s 
Ĳot iĲstaĲtlƅ 
ov—Řwh—lı th— us—Ř. 

Th— iĲt—Řċac— 
coĲtaiĲs —ıojis to 
aid us—Řs, which 
could b— coĲsid—Ř—d 
uĲĲ—c—ssaŘƅ. 

͘. H—lp us—Řs 
Ř—coČĲis—, diaČĲos—, 
aĲd Ř—cov—Ř ċŘoı 
—ŘŘoŘs 

EŘŘoŘ ı—ssaČ—s 
should b— cl—aŘ aĲd 
coĲstŘuctiv—. 

EŘŘoŘs aŘ— displaƅ—d 
aĲd soı—tiı—s 
coĲtaiĲ iĲċoŘıatioĲ 
oĲ how to iƄ th— 
—ŘŘoŘ. 

EŘŘoŘs ıaƅ b— 
dificult to 
uĲd—ŘstaĲd ċoŘ a 
ĲoĲ-d—v—lop—Ř. 

͐͏. H—lp aĲd 
docuı—ĲtatioĲ 

xŘovid— h—lp wh—Ĳ 
Ĳ——d—d, —v—Ĳ iċ th— 
sƅst—ı is —asƅ to 
us—. 

Tooltips aŘ— 
availabl—. 

 

Table ͗ – Usabilitƅ Surveƅ 

 

This Ř—vi—w h—lp—d id—Ĳtiċƅ Ĳot oĲlƅ stŘoĲČ aŘ—as oċ th— dashboaŘd ϴ such as its claŘitƅ aĲd 
siıplicitƅ ϴ but also k—ƅ usabilitƅ Čaps, paŘticulaŘlƅ aŘouĲd us—Ř ČuidaĲc— aĲd ċ——dback 
ı—chaĲisıs. Th—s— obs—ŘvatioĲs iĲċoŘı th— Ř—coıı—ĲdatioĲs ċoŘ ċutuŘ— iıpŘov—ı—Ĳt 
discuss—d iĲ S—ctioĲ ͓.͕. 

͔. CoĲclusioĲs aĲd ċuture work 

͔.͐. Suııarƅ oċ project aiıs aĲd achieveıeĲts 

Th— c—ĲtŘal aiı oċ this pŘoj—ct was to —ƄploŘ— wh—th—Ř k—ƅ ċuĲctioĲaliti—s oċ coıı—Řcial 
adv—ŘtisiĲČ aĲalƅtics platċoŘısϴpŘ—dictioĲ, visualisatioĲ, aĲd optiıisatioĲϴcould b— 
Ř—plicat—d usiĲČ oĲlƅ op—Ĳ-souŘc— tools aĲd sƅĲth—tic data. Motivat—d bƅ th— iĲcŘ—asiĲČ 
iĲacc—ssibilitƅ oċ pŘopŘi—taŘƅ tools ċoŘ sıall—Ř adv—Řtis—Řs aĲd Ř—s—aŘch—Řs, th— pŘoj—ct s—t out to 
d—liv—Ř a tŘaĲspaŘ—Ĳt, iĲt—ŘpŘ—tabl—, aĲd acc—ssibl— alt—ŘĲativ— thŘouČh a ıodulaŘ dashboaŘd 
sƅst—ı. 

 



All siƄ pŘoj—ct obj—ctiv—s w—Ř— succ—ssċullƅ achi—v—d: 

 

• A statisticallƅ ČŘouĲd—d sƅĲth—tic datas—t was cŘ—at—d to —ıulat— adv—ŘtisiĲČ caıpaiČĲ 
b—haviouŘs. 

• Multipl— ıachiĲ— l—aŘĲiĲČ ıod—ls w—Ř— d—v—lop—d to pŘ—dict succ—ss scoŘ— aĲd CTR, 
with RidČ— R—ČŘ—ssioĲ aĲd th— T—ĲsoŘFlow Ĳ—uŘal Ĳ—twoŘk showiĲČ stŘoĲČ p—ŘċoŘıaĲc—. 

• A StŘ—aılit dashboaŘd was iıpl—ı—Ĳt—d to pŘovid— iĲt—Řactiv— caıpaiČĲ aĲalƅtics aĲd 
visual ċ——dback. 

• SHAx —ƄplaiĲabilitƅ tools w—Ř— iĲt—ČŘat—d to iıpŘov— tŘaĲspaŘ—Ĳcƅ aĲd iĲt—ŘpŘ—tabilitƅ. 

• T—chĲical ċ—asibilitƅ was validat—d thŘouČh coĲsist—Ĳt p—ŘċoŘıaĲc— acŘoss ı—tŘics aĲd 
ċolds. 

• Op—Ĳ-souŘc— coıpoĲ—Ĳts w—Ř— us—d thŘouČhout to —ĲsuŘ— Ř—pŘoducibilitƅ aĲd 
acc—ssibilitƅ. 

Th—s— achi—v—ı—Ĳts coĲiŘı th— pŘoj—ctЍs hƅpoth—sis: it is ċ—asibl— to d—v—lop a ċuĲctioĲal, 
tŘaĲspaŘ—Ĳt caıpaiČĲ aĲalƅtics platċoŘı without Ř—lƅiĲČ oĲ pŘopŘi—taŘƅ datas—ts oŘ —Ĳt—ŘpŘis—-
scal— iĲċŘastŘuctuŘ—. 

 

͔.͑. Keƅ iĲdiĲČs aĲd iĲsiČhts 

• LiĲ—aŘ ıod—ls p—ŘċoŘı—d Řobustlƅ, with RidČ— R—ČŘ—ssioĲ of—ŘiĲČ th— b—st 
Č—Ĳ—ŘalisatioĲ aĲd iĲt—ŘpŘ—tabilitƅ. 

• Coıpl—Ƅ ıod—ls lik— XGBoost aĲd RaĲdoı FoŘ—st ov—Řit du— to th— Ř—lativ—lƅ sıall 
sƅĲth—tic datas—t, hiČhliČhtiĲČ th— liıits oċ hiČh-capacitƅ ıod—ls iĲ coĲstŘaiĲ—d data 
—ĲviŘoĲı—Ĳts. 

• N—uŘal Ĳ—twoŘks, wh—Ĳ paiŘ—d with SHAx, pŘovid—d th— b—st pŘ—dictiv— p—ŘċoŘıaĲc— ϼR² = 
͏.͖͕͒Ͻ whil— Ř—taiĲiĲČ soı— d—ČŘ—— oċ iĲt—ŘpŘ—tabilitƅ. 

• SƅĲth—tic data Č—Ĳ—ŘatioĲ caĲ appŘoƄiıat— Ř—al-woŘld distŘibutioĲs w—ll, but lacks th— 
coıpl—Ƅitƅ Ĳ——d—d to ċullƅ ıiıic b—haviouŘal Ĳois— aĲd —dČ— cas—s. 

• DashboaŘd usabilitƅ is stŘoĲČ ov—Řall, thouČh a ċ—w issu—s ϼ—.Č., t—ŘıiĲoloČƅ claŘitƅ, us—Ř 
suppoŘt ı—chaĲisısϽ Ř—ıaiĲ ċoŘ iıpŘov—ı—Ĳt. 

• IĲt—ŘpŘ—tabilitƅ tools siČĲiicaĲtlƅ —ĲhaĲc—d us—Ř tŘust, ıakiĲČ ıod—l pŘ—dictioĲs ıoŘ— 
tŘaĲspaŘ—Ĳt aĲd actioĲabl—. 
 

͔.͒. LiıitatioĲs ċor the curreĲt approach 

D—spit— th— positiv— outcoı—s, s—v—Řal liıitatioĲs w—Ř— id—Ĳtii—d: 

• SƅĲth—tic Data CoĲstŘaiĲts: Whil— Ř—alistic, th— datas—t ıaƅ Ĳot captuŘ— th— ċull 
vaŘiabilitƅ aĲd uĲpŘ—dictabilitƅ oċ actual us—Ř iĲt—ŘactioĲs. This liıits —Ƅt—ŘĲal validitƅ. 

• Ov—ŘittiĲČ iĲ Coıpl—Ƅ Mod—ls: EĲs—ıbl— ı—thods lik— RaĲdoı FoŘ—st stŘuČČl—d to 
Č—Ĳ—Řalis—, Ř—iĲċoŘciĲČ th— Ĳ——d ċoŘ caŘ—ċul ıod—l s—l—ctioĲ wh—Ĳ woŘkiĲČ with liıit—d oŘ 
sƅĲth—tic datas—ts. 

• Scalabilitƅ CoĲc—ŘĲs: Th— cuŘŘ—Ĳt sƅst—ı has Ĳot b——Ĳ t—st—d oĲ laŘČ—-scal— datas—ts oŘ 
with coĲcuŘŘ—Ĳt us—Řs, which ıaƅ Ř—v—al p—ŘċoŘıaĲc— bottl—Ĳ—cks. 



• Lack oċ R—al Us—Ř T—stiĲČ: Usabilitƅ —valuatioĲ was bas—d oĲ s—lċ-Čuid—d h—uŘistics 
Řath—Ř thaĲ Ř—al adv—Řtis—Ř ċ——dback, liıitiĲČ iĲsiČhts iĲto tŘu— —Ĳd-us—Ř Ĳ——ds aĲd 
satisċactioĲ. 

• Liıit—d Mod—l Tƅp—s ċoŘ OptiıisatioĲ: xost-ŘuĲ Ř—coıı—ĲdatioĲs w—Ř— oĲlƅ 
iıpl—ı—Ĳt—d usiĲČ a siĲČl— T—ĲsoŘFlow ıod—l, Řath—Ř thaĲ —valuatiĲČ ıultipl— 
optiıisatioĲ stŘat—Či—s. 
 

͔.͓. RecoııeĲdatioĲs ċor ĲeƄt steps 

To build upoĲ th— cuŘŘ—Ĳt sƅst—ı aĲd addŘ—ss its liıitatioĲs, s—v—Řal aŘ—as ċoŘ ċutuŘ— 
d—v—lopı—Ĳt aŘ— suČČ—st—d: 

• CollaboŘatiĲČ with adv—Řtis—Řs to obtaiĲ aĲoĲƅıis—d oŘ paŘtiallƅ sƅĲth—tic datas—ts 
could —ĲhaĲc— Ř—alisı, iıpŘov— ıod—l calibŘatioĲ, aĲd —ƄpaĲd th— sƅst—ı's pŘactical 
Ř—l—vaĲc—. 

• Iıpl—ı—ĲtiĲČ ıod—l —Ĳs—ıbliĲČ oŘ stackiĲČ ı—thods could balaĲc— Č—Ĳ—ŘalisatioĲ aĲd 
accuŘacƅ. AdditioĲallƅ, —ƄploŘiĲČ Baƅ—siaĲ ıod—ls oŘ ŗuaĲtil— Ř—ČŘ—ssioĲ could iıpŘov— 
uĲc—ŘtaiĲtƅ —stiıatioĲ. 

• IĲtŘoduc— us—Ř-sp—ciic ČuidaĲc— ϼ—.Č., tooltips, tutoŘials, dƅĲaıic Ř—coıı—ĲdatioĲsϽ 
bas—d oĲ actual caıpaiČĲ b—haviouŘ. AddiĲČ a ċ——dback loop wh—Ř— us—Řs caĲ Řat— 
ıod—l suČČ—stioĲs ıaƅ also iıpŘov— l—aŘĲiĲČ ov—Ř tiı—. 

• FoŘıal usabilitƅ t—stiĲČ with Ř—al adv—Řtis—Řs oŘ stud—Ĳts would pŘovid— Řich—Ř iĲsiČhts 
thaĲ h—uŘistic —valuatioĲ aloĲ—. This could Čuid— iĲt—Řċac— chaĲČ—s aĲd ċ—atuŘ— 
pŘioŘitisatioĲ. 

• FutuŘ— it—ŘatioĲs could suppoŘt Ř—al-tiı— caıpaiČĲ data iĲČ—stioĲ aĲd al—ŘtiĲČ 
ı—chaĲisıs, iĲcŘ—asiĲČ th— toolЍs Ř—l—vaĲc— ċoŘ liv— p—ŘċoŘıaĲc— tŘackiĲČ. 

• IĲtŘoduc— ċ—atuŘ—s that siıulat— GDxR coıpliaĲc— ch—cks, bias d—t—ctioĲ iĲ taŘČ—tiĲČ, 
oŘ —thical laČČiĲČ sƅst—ısϴus—ċul ċoŘ adv—Řtis—Řs lookiĲČ to audit th—iŘ caıpaiČĲ 
stŘat—Či—s. 
 

͔.͔. CoĲclusioĲ 

This pŘoj—ct has d—ıoĲstŘat—d that it is t—chĲicallƅ aĲd pŘacticallƅ ċ—asibl— to d—liv—Ř a 
tŘaĲspaŘ—Ĳt, pŘ—dictiv— adv—ŘtisiĲČ aĲalƅtics sƅst—ı without Ř—lƅiĲČ oĲ pŘopŘi—taŘƅ data oŘ 
iĲċŘastŘuctuŘ—. Whil— th—Ř— aŘ— chall—ĲČ—s to ov—Řcoı—ϴpaŘticulaŘlƅ aŘouĲd data Ř—alisı aĲd 
sƅst—ı scalabilitƅϴth— ċouĲdatioĲal sƅst—ı pŘovid—s a coıp—lliĲČ alt—ŘĲativ— ċoŘ —ducatioĲ, 
Ř—s—aŘch, aĲd sıall-scal— coıı—Řcial us—. It of—Řs a spŘiĲČboaŘd ċoŘ ċuŘth—Ř Ř—s—aŘch aĲd 
d—v—lopı—Ĳt iĲ d—ıocŘatisiĲČ alČoŘithıic adv—ŘtisiĲČ iĲsiČhts. 

 

͕. RelectioĲ oĲ LearĲiĲČ 

• GaiĲ—d a d——p—Ř uĲd—ŘstaĲdiĲČ oċ th— —Ĳd-to-—Ĳd ıachiĲ— l—aŘĲiĲČ pip—liĲ—, ċŘoı data 
siıulatioĲ aĲd pŘ—pŘoc—ssiĲČ to ıod—l tŘaiĲiĲČ, —valuatioĲ, aĲd d—ploƅı—Ĳt withiĲ aĲ 
iĲt—Řactiv— sƅst—ı. 



• D—v—lop—d stŘoĲČ pŘoici—Ĳcƅ iĲ stŘuctuŘiĲČ ıodulaŘ xƅthoĲ cod— ċoŘ ıaiĲtaiĲabilitƅ aĲd 
scalabilitƅ, paŘticulaŘlƅ thŘouČh th— cŘ—atioĲ oċ ıod—l Ř—ČistŘi—s aĲd coĲiČuŘatioĲ 
ıaĲaČ—ı—Ĳt sƅst—ıs. 

• IıpŘov—d ıƅ abilitƅ to cŘiticallƅ ass—ss ıod—l p—ŘċoŘıaĲc— b—ƅoĲd basic ı—tŘics bƅ 
iĲcoŘpoŘatiĲČ Ř—sidual aĲalƅsis, cŘoss-validatioĲ, aĲd SHAx iĲt—ŘpŘ—tabilitƅ. 

• L—aŘĲ—d how to d—siČĲ aĲd siıulat— Ř—alistic sƅĲth—tic datas—ts that pŘ—s—Řv— k—ƅ 
b—haviouŘal distŘibutioĲs, whil— Ř—coČĲisiĲČ th— liıitatioĲs oċ such data iĲ captuŘiĲČ 
—dČ—-cas— b—haviouŘ aĲd Ř—al-woŘld Ĳois—. 

• StŘ—ĲČth—Ĳ—d ıƅ uĲd—ŘstaĲdiĲČ oċ us—Ř iĲt—Řċac— d—siČĲ pŘiĲcipl—s thŘouČh th— h—uŘistic 
—valuatioĲ pŘoc—ss aĲd bƅ iĲt—ČŘatiĲČ visual aĲalƅtics iĲto th— StŘ—aılit dashboaŘd. 

• GaiĲ—d valuabl— —Ƅp—Ři—Ĳc— iĲ ıaĲaČiĲČ pŘoj—ct scop— aĲd pŘioŘitisatioĲ uĲd—Ř 
acad—ıic d—adliĲ—s, balaĲciĲČ t—chĲical aıbitioĲ with pŘaČıatic iıpl—ı—ĲtatioĲ. 

• D—v—lop—d a ıoŘ— ĲuaĲc—d appŘ—ciatioĲ ċoŘ th— —thical aĲd Ř—ČulatoŘƅ coĲsid—ŘatioĲs iĲ 
AI d—v—lopı—Ĳt, paŘticulaŘlƅ Ř—ČaŘdiĲČ data tŘaĲspaŘ—Ĳcƅ, ċaiŘĲ—ss, aĲd us—Ř tŘust. 

• L—aŘĲ—d how to coııuĲicat— t—chĲical coĲc—pts to a ıiƄ—d audi—Ĳc—, coıbiĲiĲČ 
d—tail—d ıachiĲ— l—aŘĲiĲČ —ƄplaĲatioĲs with iĲtuitiv— dashboaŘd iĲt—Řċac—s ċoŘ ĲoĲ-
t—chĲical us—Řs. 

• R—alis—d th— iıpoŘtaĲc— oċ it—Řativ— d—v—lopı—Ĳt aĲd t—stiĲČ, aĲd how —aŘlƅ pŘototƅpiĲČ 
caĲ uĲcov—Ř d—siČĲ issu—s oŘ —dČ— cas—s that iĲlu—Ĳc— dowĲstŘ—aı ıod—lliĲČ choic—s. 

• GaiĲ—d coĲid—Ĳc— iĲ usiĲČ tools lik— T—ĲsoŘFlow, XGBoost, SHAx, aĲd MoĲČoDB iĲ a 
coh—siv— sƅst—ı, Řath—Ř thaĲ iĲ isolatioĲ, —ĲhaĲciĲČ ıƅ abilitƅ to build iĲt—ČŘat—d ML-
pow—Ř—d applicatioĲs. 
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