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.....................................................Èåùñßá ôùí óôáôéóôéêþí õðïäåéãìÜôùí

Ìå ôçí åöáñìïãÞ ôçò èåùñßáò ôùí óôáôéóôéêþí õðïäåéãìÜôùí óôï ÷þñï
ôçò õãåßáò åðé÷åéñåßôáé íá äïèïýí áðáíôÞóåéò óå äéÜöïñá óçìáíôéêÜ ðñï-
âëÞìáôá, üðùò ðïéá ç äéåõêñßíçóç ôùí óõíéóôùóþí áéôéþí åìöÜíéóçò
åíüò íïóÞìáôïò. Ãéá íá ðñáãìáôïðïéçèïýí áõôÝò ïé åðéäéþîåéò, ãßíïíôáé
äéÜöïñåò õðïèÝóåéò ãéá ôéò éäéüôçôåò ðïõ Ý÷ïõí ïé ìïíÜäåò åíüò ðëçèõ-
óìïý. Ôï óýíïëï áõôþí ôùí õðïèÝóåùí ïíïìÜæåôáé õðüäåéãìá. Ãéá íá
åêöñáóôåß ðïóïôéêÜ ôï óýíïëï áõôþí ôùí õðïèÝóåùí, ïñßæåôáé ìéá ìá-
èçìáôéêÞ åîßóùóç Þ Ýíá óýíïëï åîéóþóåùí ðïõ ïíïìÜæåôáé ìáèçìáôéêü
õðüäåéãìá êáé ìå ôï ïðïßï åêöñÜæåôáé áêñéâþò ï ôñüðïò ìå ôïí ïðïßï
ìåôáâÜëëåôáé Ýíá ÷áñáêôçñéóôéêü ôùí ìïíÜäùí ôïõ ðëçèõóìïý, üôáí
ìåôáâÜëëïíôáé óõãêåêñéìÝíá Üëëá ÷áñáêôçñéóôéêÜ ôïõò. Óôá ìáèçìáôé-
êÜ õðïäåßãìáôá õðÜñ÷åé íôåôåñìéíéóôéêÞ ó÷Ýóç ìåôáîý ôùí ìåôáâëçôþí,
õðÜñ÷åé äçëáäÞ áêñéâÞò ó÷Ýóç ìåôáîý áéôéáôïý êáé áéôßùí êáé, åðïìÝ-
íùò, áíáöÝñïíôáé óå öõóéêÜ öáéíüìåíá. Åêôüò áðü ôá öõóéêÜ, õðÜñ-
÷ïõí êáé ôá ôõ÷áßá öáéíüìåíá, ôá ïðïßá äåí ìðïñïýí íá åñìçíåõôïýí
áêñéâþò ìå ôá ãíùóôÜ ìáèçìáôéêÜ õðïäåßãìáôá. Ç ðñïóðÜèåéá ôçò ìá-
èçìáôéêÞò åðéóôÞìçò, óôçí ðåñßðôùóç áõôÞ, åßíáé íá åîçãÞóåé ôçí êáôÜ
ìÝóï üñï ìåôáâïëÞ åíüò ÷áñáêôçñéóôéêïý (åîáñôçìÝíç ìåôáâëçôÞ), üôáí
ìåôáâÜëëïíôáé Üëëá ãíùóôÜ (áíåîÜñôçôåò ìåôáâëçôÝò), áëëÜ êáé Üëëá
Üãíùóôá. Áõôü åðéôõã÷Üíåôáé ìå ôá óôáôéóôéêÜ õðïäåßãìáôá, ôá ïðïßá
áðïôåëïýí Ýíá óýíïëï õðïèÝóåùí ðïõ èåùñïýíôáé üôé éó÷ýïõí êáôÜ
ìÝóï üñï ãéá ôéò éäéüôçôåò êÜèå ìïíÜäáò åíüò ðëçèõóìïý êáé ïé ïðïßåò
åêöñÜæïíôáé ìå ìéá åîßóùóç Þ Ýíá óýíïëï åîéóþóåùí. Ìå ôá óôáôéóôéêÜ
õðïäåßãìáôá óõíåîåôÜæåôáé ç åðßäñáóç åðß ôçò åîáñôçìÝíçò ìåôáâëç-
ôÞò üëùí ôùí Üãíùóôùí Þ ìç ìåôñÞóéìùí ìåôáâëçôþí ìå ìéá ìåôáâëçôÞ
ðïõ ïíïìÜæåôáé äéáôáñáêôéêüò üñïò Þ ôõ÷áßï óöÜëìá. ÂáóéêÜ óôáôéóôé-
êÜ õðïäåßãìáôá åßíáé: (á) Ôï õðüäåéãìá ôçò ãñáììéêÞò ðáëéíäñüìçóçò.
Ìå áõôü åêôéìÜôáé ç ôéìÞ åíüò ðïóïôéêïý ÷áñáêôçñéóôéêïý, áðü ôéò ôéìÝò
Üëëùí ÷áñáêôçñéóôéêþí (ðñïóäéïñéóôÝò, ðáñÜãïíôåò êéíäýíïõ). Åðßóçò,
åêôéìÜôáé ç ìåôáâïëÞ åíüò ðïóïôéêïý ÷áñáêôçñéóôéêïý, üôáí ìåôáâÜë-
ëåôáé Ýíá ìüíï Üëëï Þ ðïëëÜ Üëëá, êõñßùò ðïóïôéêÜ ÷áñáêôçñéóôéêÜ.
ÂáóéêÞ õðüèåóç óôï õðüäåéãìá åßíáé üôé ç ìåôáâïëÞ ôïõ ðïóïôéêïý ÷á-
ñáêôçñéóôéêïý ó÷åôßæåôáé åõèýãñáììá ìå ôç ìåôáâïëÞ ôùí Üëëùí. (â) Ôï
õðüäåéãìá ôçò ëïãéóôéêÞò ðáëéíäñüìçóçò. Ìå áõôü åêôéìÜôáé ç ðéèáíü-
ôçôá, êáèþò êáé ç ìåôáâïëÞ ôçò ðéèáíüôçôáò íá åìöáíéóôåß Ýíá ÷áñá-
êôçñéóôéêü (íüóçìá), üôáí ìåôáâÜëëåôáé ç ôéìÞ Üëëùí ÷áñáêôçñéóôéêþí
Þ üôáí åìöáíßæïíôáé Üëëá ÷áñáêôçñéóôéêÜ (ðáñÜãïíôåò êéíäýíïõ). Ðñü-
êåéôáé ãéá õðüäåéãìá ìç ãñáììéêÞò ðáëéíäñüìçóçò. (ã) Ôï õðüäåéãìá ôçò
ãñáììéêÞò äéáêñéôéêÞò ðáëéíäñüìçóçò. Ìå áõôü, êáôáôÜóóïíôáé ïé ìï-
íÜäåò åíüò ðëçèõóìïý óå êáôçãïñßåò, áíÜëïãá ìå ôéò ôéìÝò ìåñéêþí ÷á-
ñáêôçñéóôéêþí ôïõò Þ áíÜëïãá ìå ôï áí Ý÷ïõí Þ ü÷é êÜðïéá ÷áñáêôçñé-
óôéêÜ. (ä) Ôá õðïäåßãìáôá ìç ãñáììéêÞò ðáëéíäñüìçóçò. ÕðÜñ÷ïõí Üðåé-
ñá ìç ãñáììéêÜ óôáôéóôéêÜ õðïäåßãìáôá, ðïõ ðñïÝñ÷ïíôáé áðü áíôßóôïé-
÷á ìáèçìáôéêÜ õðïäåßãìáôá, áíÜëïãá ìå ôç ìïñöÞ ìå ôçí ïðïßá ïñßæå-
ôáé ôï ôõ÷áßï óöÜëìá. Ìå áõôÜ åêôéìÜôáé ç ôéìÞ åíüò ðïóïôéêïý ÷áñá-
êôçñéóôéêïý, áðü ôéò ôéìÝò Üëëùí ÷áñáêôçñéóôéêþí. Åðßóçò, åêôéìÜôáé ç
ìåôáâïëÞ åíüò ðïóïôéêïý ÷áñáêôçñéóôéêïý, üôáí ìåôáâÜëëåôáé Ýíá ìüíï
Üëëï Þ ðïëëÜ Üëëá, êõñßùò ðïóïôéêÜ ÷áñáêôçñéóôéêÜ. ÂáóéêÞ õðüèåóç
åßíáé üôé ôá ÷áñáêôçñéóôéêÜ óõíäÝïíôáé ìå ôï õðüøç ÷áñáêôçñéóôéêü ìå
ìç ãñáììéêÞ ó÷Ýóç.
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1. ÅÉÓÁÃÙÃÇ

Ðþò ìðïñåß íá åñìçíåõôåß ç ìåôáâïëÞ åíüò ÷áñá-

êôçñéóôéêïý; ÕðÜñ÷ïõí ðáñÜãïíôåò ðïõ óõíôåëïýí óôç

äéáìüñöùóÞ ôçò; Óå ôé âáèìü ôçí åðçñåÜæïõí; Ìðïñïýí

íá ãßíïõí ãíùóôÝò ïé óõíéóôþóåò áéôßåò åìöÜíéóçò åíüò

íïóÞìáôïò;

ÁõôÜ åßíáé ìÝñïò áðü Ýíá óýíïëï åñùôçìÜôùí, óôá

ïðïßá åðé÷åéñåßôáé íá äïèåß áðÜíôçóç ìå ôç ìÝèïäï ôçò

ðáëéíäñüìçóçò, ðïõ ïíïìÜæåôáé êáé ìÝèïäïò ôçò åîÜñ-

ôçóçò.

Ïé âáóéêÝò åðéäéþîåéò ìå ôç ìÝèïäï ôçò ðáëéíäñüìç-

óçò, üôáí áõôÞ åöáñìüæåôáé óôçí Ýñåõíá óôï ÷þñï ôçò

õãåßáò, åßíáé:

• Íá åêôéìçèåß ç ôéìÞ åíüò ðïóïôéêïý ÷áñáêôçñéóôéêïý

áðü ôéò ôéìÝò Üëëùí ÷áñáêôçñéóôéêþí (ðñïóäéïñéóôÝò,

ðáñÜãïíôåò êéíäýíïõ)

• Ná åêôéìçèåß ç ìåôáâïëÞ åíüò ðïóïôéêïý ÷áñáêôçñé-

óôéêïý, üôáí ìåôáâÜëëåôáé Ýíá ìüíï Üëëï, ðáñïõóßá

ðïëëþí Üëëùí ÷áñáêôçñéóôéêþí

• Íá åêôéìçèåß ç ìåôáâïëÞ åíüò ðïóïôéêïý ÷áñáêôçñé-

óôéêïý, üôáí ìåôáâÜëëïíôáé óõã÷ñüíùò ðïëëÜ ÷áñá-

êôçñéóôéêÜ

• Íá åêôéìçèåß ç ðéèáíüôçôá åìöÜíéóçò åíüò ÷áñáêôç-

ñéóôéêïý (íüóçìá), üôáí ìåôáâÜëëåôáé ç ôéìÞ Üëëùí

÷áñáêôçñéóôéêþí

• Íá åêôéìçèåß ç ðéèáíüôçôá åìöÜíéóçò åíüò ÷áñáêôç-

ñéóôéêïý, üôáí åìöáíßæïíôáé Üëëá ÷áñáêôçñéóôéêÜ

• Íá êáôáôáãïýí ïé ìïíÜäåò åíüò äåßãìáôïò óå ïìÜ-

äåò.

Ãéá íá ðñáãìáôïðïéçèïýí áõôÝò ïé åðéäéþîåéò, ãßíï-

íôáé äéÜöïñåò õðïèÝóåéò ãéá ôïí ôñüðï ðïõ ìåôáâÜëëå-

ôáé Ýíá ÷áñáêôçñéóôéêü êáé ïñßæåôáé Ýíá óôáôéóôéêü õðü-

äåéãìá.

2. ÏÑÉÓÌÏÓ ÔÏÕ ÓÔÁÔÉÓÔÉÊÏÕ ÕÐÏÄÅÉÃÌÁÔÏÓ

Õðüäåéãìá åßíáé Ýíá óýíïëï õðïèÝóåùí, ðïõ áíáöÝ-

ñïíôáé óôéò éäéüôçôåò ìéáò ïíôüôçôáò. Ïé õðïèÝóåéò ìðï-

ñåß íá áíáöÝñïíôáé óå Üôïìï Þ öáéíüìåíï Þ ãåíéêÜ óå

Ýíá óýíïëï. Ôá õðïäåßãìáôá ðñïêýðôïõí áðü ôç èåùñßá

Þ ôçí åìðåéñßá. Ï éó÷õñéóìüò üôé ç áñôçñéáêÞ ðßåóç

ó÷åôßæåôáé ìå ôï óùìáôéêü âÜñïò ôïõ áôüìïõ åßíáé ìéá

õðüèåóç. Ãéá íá åêöñáóôåß ðïóïôéêÜ ç õðüèåóç áõôÞ,

èá ðñÝðåé íá ãßíåé ìéá åðéðëÝïí õðüèåóç êáé íá ïñéóôåß

ï ìáèçìáôéêüò ôñüðïò Ýêöñáóçò ôçò óõó÷Ýôéóçò ôçò

áñôçñéáêÞò ðßåóçò ìå ôï óùìáôéêü âÜñïò, äçëáäÞ ðñÝ-

ðåé íá ïñéóôåß Ýíá ìáèçìáôéêü õðüäåéãìá.

Ìáèçìáôéêü õðüäåéãìá åßíáé ìéá ìáèçìáôéêÞ åîßóù-

óç Þ Ýíá óýóôçìá åîéóþóåùí, ïé ïðïßåò åêöñÜæïõí ðï-

óïôéêÜ Ýíá óýíïëï õðïèÝóåùí ðïõ ãßíïíôáé ãéá ôéò éäéü-

ôçôåò êÜèå ìïíÜäáò åíüò ðëçèõóìïý. Ãéá ðáñÜäåéãìá,

åßíáé äõíáôü íá õðïôåèåß üôé, óå êÜèå Üôïìï ðïõ Ý÷åé

óùìáôéêü âÜñïò ×, ç áñôçñéáêÞ ðßåóÞ ôïõ åßíáé Õ êáé

ðñïóäéïñßæåôáé áêñéâþò ìå ìßá áðü ôéò Üðåéñåò ìáèçìá-

ôéêÝò ó÷Ýóåéò, üðùò ôçí: Õ=á+â×.

Óôá ìáèçìáôéêÜ õðïäåßãìáôá õðÜñ÷åé ðëÞñçò åîçãç-

ôéêÞ éêáíüôçôá êáé åßíáé äõíáôÞ ç ðñüâëåøç ìå áêñß-

âåéá ôùí ôéìþí ôçò Õ, üôáí åßíáé ãíùóôÝò ïé ôéìÝò ôçò ×.

Óôá ìáèçìáôéêÜ õðïäåßãìáôá õðÜñ÷åé íôåôåñìéíéóôéêÞ

ó÷Ýóç ìåôáîý ôùí ìåôáâëçôþí, õðÜñ÷åé äçëáäÞ ç ìá-

èçìáôéêÞ Ýêöñáóç ìåôáîý ôïõ áéôéáôïý êáé ôùí áéôßùí

êáé, åðïìÝíùò, ôá ìáèçìáôéêÜ õðïäåßãìáôá áíáöÝñï-

íôáé óå öõóéêÜ öáéíüìåíá.

Åêôüò áðü ôá öõóéêÜ, õðÜñ÷ïõí êáé ôá ôõ÷áßá öáéíü-

ìåíá, ôá ïðïßá äåí ìðïñåß íá åñìçíåõôïýí ìå ôïõò ãíù-

óôïýò öõóéêïýò íüìïõò. Ç áñôçñéáêÞ ðßåóç ôùí áôüìùí

äåí ìðïñåß íá ðñïóäéïñéóôåß áí åßíáé ãíùóôü ìüíï ôï

óùìáôéêü âÜñïò ôïõò êáé åíäå÷ïìÝíùò íá ìç ó÷åôßæåôáé

ìå ôï óùìáôéêü âÜñïò. Ç åìðåéñßá äåß÷íåé üôé õðÜñ÷åé

Ýíá ðëÞèïò Üëëùí ðáñáãüíôùí, åêôüò ôïõ óùìáôéêïý

âÜñïõò, ïé ïðïßïé åíäå÷ïìÝíùò íá åðéäñïýí óôç äéá-

ìüñöùóç ôçò áñôçñéáêÞò ðßåóçò êáé áðü ôïõò ïðïßïõò

ðïëëïß åßíáé Üãíùóôïé Þ ìç ìåôñÞóéìïé, äçëáäÞ åßíáé

ôõ÷áßïé ðáñÜãïíôåò. Ç ýðáñîç áõôþí ôùí ðáñáãüíôùí

äåí åðéôñÝðåé ôïí ðñïóäéïñéóìü ôçò áñôçñéáêÞò ðßåóçò

óå Ýíá Üôïìï, üôáí åßíáé ãíùóôü ìüíï ôï óùìáôéêü

âÜñïò ôïõ.

ÊÜôù áðü áõôÞ ôçí áäõíáìßá, ç ðñïóðÜèåéá ôçò ìá-

èçìáôéêÞò åðéóôÞìçò åßíáé íá åîçãÞóåé ôçí êáôÜ ìÝóï

üñï ìåôáâïëÞ ôçò Õ, üôáí åßíáé ãíùóôÝò ïé ôéìÝò ôçò ×.

Áõôü åðéôõã÷Üíåôáé ìå ôç äçìéïõñãßá ôùí óôáôéóôéêþí

õðïäåéãìÜôùí, óôá ïðïßá óõíåîåôÜæåôáé êáé ç åðßäñáóç

ôùí ôõ÷áßùí ðáñáãüíôùí åðß ôçò Õ.

Óôáôéóôéêü õðüäåéãìá åßíáé Ýíá óýíïëï õðïèÝóåùí,

ðïõ èåùñïýíôáé üôé éó÷ýïõí êáôÜ ìÝóï üñï ãéá ôéò éäéü-

ôçôåò êÜèå ìïíÜäáò åíüò ðëçèõóìïý êáé ïé ïðïßåò åê-

öñÜæïíôáé ìå ìéá ìáèçìáôéêÞ åîßóùóç Þ Ýíá óýóôçìá

åîéóþóåùí.

Ôï áðëïýóôåñï óôáôéóôéêü õðüäåéãìá, ð.÷. ìåôáîý ôçò

áñôçñéáêÞò ðßåóçò Õ êáé ôïõ óùìáôéêïý âÜñïõò ×, åßíáé

ôï:

Õ=á+â×+å

êáé ïíïìÜæåôáé áðëü ãñáììéêü õðüäåéãìá.
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Ç Õ ïíïìÜæåôáé åîáñôçìÝíç Þ åñìçíåõüìåíç ìåôá-

âëçôÞ. Ç × ïíïìÜæåôáé áíåîÜñôçôç Þ åñìçíåõôéêÞ ìåôá-

âëçôÞ Þ ðñïóäéïñéóôÞò Þ ðáñÜãïíôáò êéíäýíïõ.

Ç å ïíïìÜæåôáé äéáôáñáêôéêüò üñïò Þ ôõ÷áßï óöÜëìá

Þ ôõ÷áßá áðüêëéóç êáé åßíáé ìåôáâëçôÞ ìå ôçí ïðïßá

óõíåêöñÜæåôáé ç åðßäñáóç åíüò ðëÞèïõò Üãíùóôùí Þ

êáé ìç ìåôñÞóéìùí ðáñáãüíôùí, ïé ïðïßïé åðéäñïýí êáé

óõíäéáìïñöþíïõí ôçí Õ. Ç å åßíáé ôõ÷áßá Þ óôï÷áóôéêÞ

ìåôáâëçôÞ, äçëáäÞ áêïëïõèåß Ýíá íüìï ðéèáíüôçôáò

êáé ðåñéÝ÷åé êáé ôá åíäå÷üìåíá óöÜëìáôá êáé ôá ëÜèç

ðïõ ãßíïíôáé êáôÜ ôç äéáäéêáóßá ôùí ìåôñÞóåùí. Óôï

÷þñï ôçò õãåßáò, ç å åêöñÜæåé óõíÞèùò ôç âéïëïãéêÞ

êáé êïéíùíéêÞ óõìðåñéöïñÜ ôùí áôüìùí, ç ïðïßá åßíáé

áóôÜèìçôç. Ôá á êáé â ïíïìÜæïíôáé ðáñÜìåôñïé ôïõ õðï-

äåßãìáôïò. Ôï á åßíáé ï óôáèåñüò üñïò êáé ôï â åßíáé ï

óõíôåëåóôÞò ôïõ õðïäåßãìáôïò. Ïé ðáñÜìåôñïé ôïõ õðï-

äåßãìáôïò äåí åßíáé äõíáôü íá õðïëïãéóôïýí, áëëÜ ìðï-

ñåß íá åêôéìçèïýí ìå ìáèçìáôéêÝò ìåèüäïõò êáé ìå ìå-

ôñÞóåéò ðïõ ãßíïíôáé óå Ýíá õðïóýíïëï ôïõ ðëçèõóìïý,

ôï ïðïßï êáô’ ïéêïíïìßá ïíïìÜæåôáé äåßãìá (óôçí ðñáã-

ìáôéêüôçôá, äåßãìá äåí õðÜñ÷åé, ãéáôß äåí åßíáé äõíáôÞ

ç åýñåóç õðïóõíüëïõ ôïõ ðëçèõóìïý ðïõ íá Ý÷åé ôá

áêñéâÞ ÷áñáêôçñéóôéêÜ ôïõ ðëçèõóìïý).

Ïé óçìáíôéêüôåñåò ìÝèïäïé åêôßìçóçò óôáôéóôéêþí

õðïäåéãìÜôùí åßíáé:

• Ç ìÝèïäïò ôùí åëá÷ßóôùí ôåôñáãþíùí

• Ç ìÝèïäïò ôçò ìåãßóôçò ðéèáíïöÜíåéáò.

Ôá âáóéêÜ óôáôéóôéêÜ õðïäåßãìáôá ðïõ ÷ñçóéìïðïéïý-

íôáé óôéò ìåëÝôåò óôï ÷þñï ôçò õãåßáò êáé ïé âáóéêÝò

õðïèÝóåéò ôïõò åßíáé ôï õðüäåéãìá ôçò ãñáììéêÞò ðáëéí-

äñüìçóçò (linear regression), ôçò ëïãéóôéêÞò ðáëéíäñü-

ìçóçò Þ ëïãáñéèìéóôéêÞò åîÜñôçóçò (logistic regression),

ôçò äéáêñéôéêÞò áíÜëõóçò (discriminant analysis) êáé ôá

ìç ãñáììéêÜ õðïäåßãìáôá (non-linear models).

3. ÕÐÏÄÅÉÃÌÁ ÃÑÁÌÌÉÊÇÓ ÐÁËÉÍÄÑOÌÇÓÇÓ
(ÅÎÁÑÔÇÓÇÓ)

Ôï õðüäåéãìá ãñáììéêÞò ðáëéíäñüìçóçò åßíáé ôçò

ìïñöÞò:

Õ=Â0+Â1×1+Â2×2+...+Âê×ê+å

ÁíÜëïãá ìå ôéò õðïèÝóåéò ðïõ ãßíïíôáé ãéá ôï äéáôá-

ñáêôéêü üñï, å ïñßæïíôáé äéÜöïñá õðïäåßãìáôá ãñáììé-

êÞò ðáëéíäñüìçóçò.

Ç óõíçèÝóôåñç õðüèåóç åßíáé üôé ç Õ áðïôåëåß óõíå-

÷Þ ôõ÷áßá ìåôáâëçôÞ ðïõ áêïëïõèåß êáíïíéêÞ êáôáíï-

ìÞ, ãéáôß åßíáé ãñáììéêüò óõíäõáóìüò ôçò ôõ÷áßáò áðü-

êëéóçò å, ãéá ôçí ïðïßá óõíÞèùò ãßíåôáé ç õðüèåóç üôé

áêïëïõèåß ôçí êáíïíéêÞ êáôáíïìÞ ìå ìÝóï ìçäÝí. ÊÜôù

áðü ôçí ôåëåõôáßá õðüèåóç, ôï õðüäåéãìá ðáßñíåé ôçí

éóïäýíáìç ìïñöÞ:

Å(Õ)=Â0+Â1×1+Â2×2+ ...+Âê×ê

üðïõ Å(Õ) åßíáé ç áíáìåíüìåíç ôéìÞ ôçò Õ êáé ç ïðïßá

ôáõôßæåôáé ìå ôï ìÝóï ôçò Õ óôïí ðëçèõóìü.

Åöáñìüæïíôáò ôç ìÝèïäï åëá÷ßóôùí ôåôñáãþíùí Þ

ôç ìÝèïäï ìåãßóôçò ðéèáíïöÜíåéáò óôéò ìåôñÞóåéò åíüò

äåßãìáôïò, ëáìâÜíåôáé åêôßìçóç ôïõ õðïäåßãìáôïò ôçò

ìïñöÞò:

Y=b0+b1×1+b2×2+...+bê×ê+e

üðïõ ôá b0, b1, b2, ..., bê áðïôåëïýí êáôÜëëçëåò åêôéìÞ-

óåéò ôùí ðáñáìÝôñùí ôïõ õðïäåßãìáôïò Â0, Â1, Â2, ...,

Âê, ðïõ ïíïìÜæïíôáé êáé óõíôåëåóôÝò ôïõ.

ÊÜèå bj, i=1, 2, ...K äåß÷íåé ôçí êáôÜ ìÝóï üñï ìåôáâï-

ëÞ ôçò Õ óôï äåßãìá, üôáí ç ìåôáâëçôÞ ×j áõîçèåß êáôÜ

ìßá ìïíÜäá êáé ïé õðüëïéðåò áíåîÜñôçôåò ìåôáâëçôÝò

ðáñáìÝíïõí óôáèåñÝò.

Ìå äéÜöïñïõò óôáôéóôéêïýò åëÝã÷ïõò, åëÝã÷åôáé ç

áîéïðéóôßá ôçò åêôßìçóçò ôçò éêáíüôçôáò ôïõ õðïäåßãìá-

ôïò íá åñìçíåýåé ôç ìåôáâëçôüôçôá ôçò Õ êáé íá ÷ñçóé-

ìïðïéåßôáé ãéá ðñïâëÝøåéò êáé âñßóêåôáé äéÜóôçìá åìðé-

óôïóýíçò ãéá êÜèå ðáñÜìåôñï ôïõ õðïäåßãìáôïò, äéÜ-

óôçìá åìðéóôïóýíçò ãéá ôéò äéÜöïñåò ðñïâëåðüìåíåò

ôéìÝò ôçò åîáñôçìÝíçò ìåôáâëçôÞò, êáèþò êáé äéÜóôçìá

åìðéóôïóýíçò ãéá ôéò äéÜöïñåò ðñïâëåðüìåíåò ìÝóåò

ôéìÝò ôçò åîáñôçìÝíçò ìåôáâëçôÞò, êÜôù áðü óõíèÞêåò

ó÷åôéêÞò âåâáéüôçôáò.

Ç ãñáììéêüôçôá ôùí õðïäåéãìÜôùí áíáöÝñåôáé óôç

ãñáììéêüôçôá ôùí ðáñáìÝôñùí ôïõ êáé ü÷é óôç ãñáììé-

êüôçôá ôùí åñìçíåõôéêþí ìåôáâëçôþí ôïõ. Ìå áõôÞ ôçí

Ýííïéá, ôï õðüäåéãìá:

Õ=Â0+Â1×+Â2×2+...+Âê ×ê+å

åêôéìÜôáé ùò ãñáììéêü, áí ôåèåß ×=×1, ×2=×2, ..., ×ê=×Ê.

4. ÕÐÏÄÅÉÃÌÁ ËÏÃÉÓÔÉÊÇÓ ÐÁËÉÍÄÑÏÌÇÓÇÓ
¹ ËÏÃÁÑÉÈÌÉÓÔÉÊÇÓ ÅÎÁÑÔÇÓÇÓ

Åßíáé ôçò ìïñöÞò:

P=exp(Â0+Â1×1+Â2×2+...+Âê×ê+å)/

[1+exp(Â0+Â1×1+Â2×2+...+Âê ×ê)]

üðïõ exp(á) åßíáé ï áñéèìüò 2,718 õøùìÝíïò óôç äý-

íáìç á êáé P åßíáé ôï ðïóïóôü ìå ôï ïðïßï åìöáíßæåôáé
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Ýíá óõãêåêñéìÝíï ÷áñáêôçñéóôéêü (íüóçìá) óôïí ðëç-

èõóìü, äçëáäÞ ôï P åßíáé ç ðéèáíüôçôá åðéëïãÞò ìéáò

ìïíÜäáò ôïõ ðëçèõóìïý ìå ôï ÷áñáêôçñéóôéêü ôï ïðïßï

ìåëåôÜôáé.

ÌåôÜ áðü Ýíá ìåôáó÷çìáôéóìü, ôï õðüäåéãìá ðáßñíåé

ôç ìïñöÞ:

Õ=Â0+Â1×1+Â2×2+...+Âê×ê+u

üðïõ Õ=Ln [P/(1-P)] åßíáé ï ëïãÜñéèìïò ôïõ ïôæ (odds)

ôçò P, äçëáäÞ ôïõ ëüãïõ ôùí óõìðëçñùìáôéêþí ðéèáíï-

ôÞôùí, ôçò ðéèáíüôçôáò P íá åìöáíßæåé ìéá ìïíÜäá ôïõ

ðëçèõóìïý ôï ÷áñáêôçñéóôéêü, ðñïò ôçí ðéèáíüôçôá 1-P

íá ìçí ôï åìöáíßæåé, êáé u=Lnå åßíáé ï öõóéêüò ëïãÜñéè-

ìïò (logarithus natural) ôïõ äéáôáñáêôéêïý üñïõ å.

Åöáñìüæïíôáò ôç ìÝèïäï ìåãßóôçò ðéèáíïöÜíåéáò óôá

óôïé÷åßá åíüò äåßãìáôïò, ëáìâÜíåôáé åêôßìçóç ôïõ õðï-

äåßãìáôïò ôçò ìïñöÞò:

Y=b0+b1×1+b2×2+...+bê×ê

üðïõ ôá b0, b1, b2, ..., bê áðïôåëïýí êáôÜëëçëåò åêôéìÞóåéò

ôùí óõíôåëåóôþí ôïõ õðïäåßãìáôïò Â0, Â1, Â2, ..., Âê.

ÊÜèå bj ìåôñÜåé ôçí êáôÜ ìÝóï üñï ìåôáâïëÞ ôïõ

ëïãáñßèìïõ ôïõ ëüãïõ ôùí óõìðëçñùìáôéêþí ðéèáíïôÞ-

ôùí ôïõ ÷áñáêôçñéóôéêïý ðïõ ìåëåôÜôáé óôï äåßãìá, üôáí

ç ìåôáâëçôÞ ×j áõîçèåß êáôÜ ìßá ìïíÜäá êáé ïé õðüëïé-

ðåò áíåîÜñôçôåò ìåôáâëçôÝò ðáñáìÝíïõí óôáèåñÝò.

Áí áíôéêáôáóôáèïýí óõãêåêñéìÝíåò ôéìÝò ôùí åñìç-

íåõôéêþí ìåôáâëçôþí óôçí åêôßìçóç ôïõ õðïäåßãìáôïò,

ëáìâÜíåôáé ç ðéèáíüôçôá åìöÜíéóçò ôïõ ÷áñáêôçñéóôé-

êïý.

Áí Ýíáò ðñïóäéïñéóôÞò ×i åßíáé äßôéìïò, ìå ×i=1 üôáí

õðÜñ÷åé óôç ìïíÜäá ôïõ äåßãìáôïò Ýíá ÷áñáêôçñéóôéêü

(ðáñÜãïíôáò êéíäýíïõ) êáé ìå ×i=0 üôáí äåí õðÜñ÷åé,

ç ôéìÞ exp(bj) áðïôåëåß åêôßìçóç ôïõ ó÷åôéêïý ëüãïõ

OR ôùí óõìðëçñùìáôéêþí ðéèáíïôÞôùí, ï ïðïßïò áðï-

ôåëåß åêôßìçóç ôïõ ó÷åôéêïý êéíäýíïõ RR íá åìöáíé-

óôåß ôï ÷áñáêôçñéóôéêü (íüóçìá), üôáí óôç ìïíÜäá õðÜñ-

÷åé ï ìåëåôïýìåíïò ðáñÜãïíôáò êáé óôçí ðåñßðôùóç

ðïõ ôï ÷áñáêôçñéóôéêü åßíáé óðÜíéï.

Ìå äéÜöïñïõò óôáôéóôéêïýò åëÝã÷ïõò, åëÝã÷åôáé ç

áîéïðéóôßá ôùí óõíôåëåóôþí ôïõ õðïäåßãìáôïò, âñßóêå-

ôáé äéÜóôçìá åìðéóôïóýíçò ãéá êÜèå ðáñÜìåôñï ôïõ õðï-

äåßãìáôïò êáé äéÜóôçìá åìðéóôïóýíçò ãéá êÜèå ó÷åôéêü

ëüãï óõìðëçñùìáôéêþí ðéèáíïôÞôùí ôïõ ðëçèõóìïý,

êÜôù áðü óõíèÞêåò ó÷åôéêÞò âåâáéüôçôáò.

5. ÕÐÏÄÅÉÃÌÁ ÄÉÁÊÑÉÔÉÊÇÓ ÐÁËÉÍÄÑÏÌÇÓÇÓ

Ìå ôç ìÝèïäï áõôÞ äçìéïõñãåßôáé Ýíáò êáíüíáò, ìå

ôïí ïðïßï ìðïñåß íá êáôáôá÷èåß ìéá ìïíÜäá ôïõ ðëçèõ-

óìïý óå ìéá ïìÜäá áðü äýï ïìÜäåò. ÅðéëÝãåôáé Ýíá

ó÷åôéêÜ ìåãÜëï õðïóýíïëï ôïõ ðëçèõóìïý êáé ìå ôéò

ôéìÝò ôùí ìåôáâëçôþí ôïõ ×1, ×2 ...×ê õðïëïãßæåôáé ìéá

óõíÜñôçóç ôçò ìïñöÞò:

Õ=Â1×1+Â2×2+...+Âê×ê

ç ïðïßá ïíïìÜæåôáé äéáêñéôéêÞ óõíÜñôçóç. Ïé ðñïóäéï-

ñéóôÝò ×1, ×2 ... ×ê åßíáé äõíáôü íá åðéëåãïýí óôáäéáêÜ,

áíÜëïãá ìå ôçí «Ýíôáóç» ôçò óõíåéóöïñÜò ôïõò óôç

äéÜêñéóç ôçò ìïíÜäáò ôïõ ðëçèõóìïý. ÁíÜëïãá ìå ôçí

ôéìÞ ðïõ ðñïêýðôåé ãéá ôçí Õ, ç ìïíÜäá ôïõ ðëçèõóìïý

êáôáôÜóóåôáé óå ìéá áðü ôéò äýï êáôçãïñßåò. ÊÜèå óõ-

íôåëåóôÞò Bi åêôéìÜåé ôï ðïóü ôçò óõììåôï÷Þò ôçò ìåôá-

âëçôÞò ×i óôç äéÜêñéóç ôçò ìïíÜäáò ôïõ ðëçèõóìïý,

üôáí ç ìåôáâëçôÞ ×i áõîçèåß êáôÜ ìßá ìïíÜäá, åíþ ïé

õðüëïéðåò äåí ìåôáâëçèïýí. Áðü èåùñçôéêÞ Üðïøç, ïé

ìåôáâëçôÝò ×1, ×2 ... ×ê ðñÝðåé íá áêïëïõèïýí ìéá ðïëõ-

ìåôáâëçôÞ êáíïíéêÞ êáôáíïìÞ, ìå äéáêõìÜíóåéò êáé óõí-

äéáêõìÜíóåéò áíôßóôïé÷á ßóåò óôéò äýï ïìÜäåò, õðüèåóç

ðïõ åßíáé äõíáôü íá ðáñáâéÜæåôáé ïñéáêÜ.

Ìå ôç ìÝèïäï ôçò äéáêñéôéêÞò áíÜëõóçò ìðïñåß íá

ãßíåé äéÜãíùóç ãéá ôçí ýðáñîç Þ ü÷é åíüò íïóÞìáôïò,

ìÝóù ôçò åîÝôáóçò äéáöüñùí ðáñáãüíôùí êéíäýíïõ.

6. ÕÐÏÄÅÉÃÌÁÔÁ ÌÇ ÃÑÁÌÌÉÊÇÓ ÐÁËÉÍÄÑÏÌÇÓÇÓ

ÕðÜñ÷ïõí Üðåéñá óå ðëÞèïò óôáôéóôéêÜ, ìç ãñáììéêÜ

õðïäåßãìáôá, ôùí ïðïßùí ç åêôßìçóç åßíáé áðü ó÷åôéêÜ

áðëÞ Ýùò êáé áñêåôÜ äýóêïëç, áíÜëïãá ìå ôï áí åßíáé

äõíáôü Þ ü÷é íá åêôéìçèïýí ùò ãñáììéêÜ. Ôá õðïäåßã-

ìáôá ôá ïðïßá äåí åßíáé äõíáôü íá åêôéìçèïýí ùò ãñáì-

ìéêÜ, åêôéìþíôáé óõíÞèùò ìå ðñïóåããéóôéêÝò ìåèüäïõò

êáé óå óõíÜñôçóç ìå ôç ìáèçìáôéêÞ Ýêöñáóç ôïõ äéá-

ôáñáêôéêïý üñïõ. Ôï ßäéï ìáèçìáôéêü õðüäåéãìá ìðïñåß

íá ìåôáôñáðåß óå äéáöïñåôéêÜ óôáôéóôéêÜ õðïäåßãìáôá,

áíÜëïãá ìå ôç ìáèçìáôéêÞ Ýêöñáóç ôïõ ôõ÷áßïõ óöÜë-

ìáôïò. Óôá ðåñéóóüôåñá ìç ãñáììéêÜ õðïäåßãìáôá ôá

ïðïßá åêôéìþíôáé, äåí åßíáé äõíáôÞ ç åñìçíåßá ôçò åêôß-

ìçóçò ôùí óõíôåëåóôþí ôïõò.

ÂáóéêÝò ìïñöÝò ìç ãñáììéêþí õðïäåéãìÜôùí, ôá ïðïßá

ìåôáôñÝðïíôáé óå ãñáììéêÜ, åßíáé:

• Ç Õ=×/(Â
0
+Â

1
×

1
+Â

2
×

2
+...+Âê×ê+å).

ÅêôéìÜôáé ùò ãñáììéêü, áí áíôéóôñáöåß êáé ôåèåß

Õ*=×/Õ
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• Ç Õ=Â
0
×

1
Â1

 
×

2
Â2...×

ê
Âê

 
å

Áí ëïãáñéèìçèïýí ôá ìÝëç ôïõ, ðáßñíåé ôç ìïñöÞ:

Õ*=Âï+Â1×*1+Â2×*2+...+Âê×*ê+u

üðïõ Õ*=LnY, X1*=LnX1, X2*=LnX2, ..., Xk*=LnXk, u=Lnå

êáé åêôéìÜôáé ùò ãñáììéêü õðüäåéãìá.
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The application of the theory of the statistical models in the health field attempts to give answers to several

important problems, one of which is that of the causes leading to the appearance of an illness. For this aim to

be fulfilled, several assumptions are made about the properties of population units. In order to express quanti-

tatively the group of these assumptions, a mathematical equation or a group of equations is defined, which is

called a mathematical model. This model is used to express the mode by which a feature of the population units

changes, when other specific features vary. Mathematical models specify a deterministic relation between their

variables, an exact relationship between cause and outcome and consequently refer to natural phenomena.

Apart from the natural, there are also incidental phenomena, which cannot be fully explained by the known

mathematical models. The effort, then, of mathematics is concentrated on explaining the average variation of a

feature (dependent variable), when other known (independent variables) and unknown features change. This is

achieved by the use of statistical models. These models constitute a group of assumptions about the properties

of the population units, which are considered to be true on average and are expressed through an equation or

a group of equations. With statistical models the effects of the unknown and immeasurable variables on the

dependent variable are co-examined, with the use of a variable that is called random error. The linear regression

model: With the use of this model, the value of a quantitative feature is estimated through the values of the

other features (determinants, risk factors). The variation of a quantitative characteristic can also be estimated,

when only one or more of the other quantitative characteristics vary. A fundamental assumption of the model

is that the variation of the quantitative characteristic is linearly related to the variation of the other character-

istics. The logistic regression model: With this model, the likelihood and its variation can be estimated for a

characteristic (illness) to show up, when the values of other characteristics change or when other characteristics

show up (risk factors). This is a non-linear model. The discriminant analysis model: With this model, the

population units are classified into categories, with the classification depending on the value of some of their

characteristics or on the existence of certain features. The non-linear regression models: There are countless

non-linear statistical models, which originate from respective mathematical models, depending on the form of

the random error. With the use of these, the value of a quantitative characteristic is estimated, through the

values of other characteristics. The variation of a quantitative characteristic can also be estimated when one or

more, mainly quantitative, characteristics change. A fundamental assumption is that the changing characteristics

relate to the characteristic concerned with a non-linear relationship.
................................................................................................................................................................................
Key words: Dependence, Discriminant analysis, Logistic regression, Regression, Statistical model
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