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≥ČÃÑ´‘žŸ
≥ČÃÇfl÷Ú¿éÚ›à’ÚŸÇfiÊ¿∑fløªøÍà÷fiÚˆÅ∑fløàø¿‘Úø¦‚á≥≥ã◊÷ž¢Ÿ§ˆ¦‚àø¿‘Úâ´‘∑fløã≤¦ÃÍáÚÚ∑žŸÚ

àø¿‘ÚáÅÍ◊ÅÑ§àø¿‘Ú ÇfiÊ¿∑fløªøÍà÷fiÚˆÅÚ¿é àø¿‘∑Çžfl Normalized Gain ∫Öè§à’ÚŸâ´‘ øfi≤fløÝ´ ŸfløÝ à⁄Ã
(Richard R. Hake) Č¿è÷◊flÇfiČ‘flÅÑ‘ŸfiÚà´¿‘Úfl ªøÍàČÿ’◊øÑ°Ÿà÷øfi∑fl ãÚª¸ Ã.ÿ. 1998 ÇfiÊ¿∑fløªøÍà÷fiÚ
Ú¿éã≤¦ÇÑ´ˆÅ∑fløàø¿‘Úø¦‚Č¿èà˜fiè÷¢ÖéÚ¢Ÿ§ˆ¦‚àø¿‘Ú â´‘∑flø˜fi¨fløÙflˆÅćžfl§¢Ÿ§ÃÍáÚÚ’Ÿ≥∑žŸÚàø¿‘ÚáÅÍ◊ÅÑ§àø¿‘Ú
àČ¿‘≥∑Ñ≥âŸ∑fl’’‚§’Æ´Č¿èˆ¦‚àø¿‘ÚáćžÅÍÃÚ¨Í’fl÷flø¶Č›ÃÍáÚÚà˜fiè÷¢ÖéÚä´¦ â´‘ Normalized gain ’fl÷flø¶
ã≤¦ÇÑ´æfl˜øÇ÷¢Ÿ§≤ÑéÚàø¿‘Ú øfl‘≥ÆÃÃÅ ◊øÒŸÇÑ´ˆÅãÚáćžÅÍáÚÇÃfi´øÇ≥‘Ÿ´ ÇfiÊ¿Ú¿éáć∑ćžfl§¨fl∑ÇfiÊ¿∑flø
ªøÍà÷fiÚˆÅČÑèÇäªãÚČfl§∑fløÿÖ∑Éfl Č¿è÷Ñ∑ã≤¦◊ÅÑ∑∑fløČfl§’¶fićfi à≤žÚ t-test, z-test ∑fløªøÍà÷fiÚˆÅÚ¿éã≤¦
∑ÑÚ÷fl∑ãÚ§flÚÇfi¨Ñ‘Čfl§∂˚’fi∑’ÝÿÖ∑ÉfláÅÍ‘Ñ§ä÷žàª¾ÚČ¿èá˜øž◊Åfl‘’›◊øÑ≥ÚÑ∑∑fløÿÖ∑Éfl Ÿ‘žfl§äø∑çćfl÷
’fl÷flø¶ã≤¦ªøÍà÷fiÚˆÅ∑fløàø¿‘Úø¦‚ä´¦∑Ñ≥ČÆ∑’fl¢flÇfi≤fl ´Ñ§ÚÑéÚˆ¦‚Çfi¨Ñ‘¨Ö§Ú›à’ÚŸÇfiÊ¿∑fløªøÍà÷fiÚá≥≥ã◊÷žà˜ÒèŸ
ã◊¦àª¾ÚČ¿èá˜øž◊Åfl‘∑Ñ≥ÚÑ∑∑fløÿÖ∑Éfl÷fl∑¢ÖéÚ

Ã›’›ÃÑş : ∑fløªøÍà÷fiÚˆÅ ∑fløÇÑ´ˆÅ Normalized Gain

Abstract
This article presents a new assessment method by using pre-test and post-test

scores. The method is known as Normalized gain proposed by Richard R. Hake at
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≥ČÚ›
∑øÍ≥ÇÚČ¿è’›ÃÑşŸ‘žfl§◊ÚÖè§ãÚ∑fløàø¿‘Ú

∑flø’ŸÚÃÒŸ ∑fløªøÍà÷fiÚˆÅ à˜ÒèŸã◊¦ø¦‚ÇžflˆÅ∑flø
¨Ñ´∑fløàø¿‘Ú∑flø’ŸÚÚÑéÚ≥øøÅÆÇÑć¶ÆªøÍ’§ÃÝ◊øÒŸ
ä÷ž ◊øÒŸˆ¦‚àø¿‘Úä´¦àø¿‘Úø¦‚÷fl∑¢ÖéÚà˜¿‘§ã´ ÚÑ∑∑flø
ÿÖ∑Éfl◊Åfl‘¥ ÃÚ ä´¦à’ÚŸÇfiÊ¿ªøÍà÷fiÚˆÅ∑fløàø¿‘Ú
á≥≥ćžfl§ ¥ â´‘àÚ¦ÚČ¿è∑fløã≤¦’¶fićfi÷flã≤¦ćÑ´’fiÚ
ˆÅ∑fløàø¿‘Ú à≤žÚ ∑fløã≤¦ t-test, z-test áÅÍŸÒèÚ ¥
à˜ÒèŸàªø¿‘≥àČ¿‘≥ˆÅ∑fløàø¿‘Úø¦‚¢Ÿ§ˆ¦‚àø¿‘Ú Çžfl◊ÅÑ§
¨fl∑àø¿‘Úø¦‚´¦Ç‘ÇfiÊ¿∑fløÚÑéÚ ¥ áÅ¦Ç ˆÅ∑fløàø¿‘Úø¦‚
¢Ÿ§ˆ¦‚àø¿‘Úã◊¦ˆÅČ¿èáć∑ćžfl§∑ÑÚŸ‘žfl§÷¿ÚÑ‘’›ÃÑş
◊øÒŸä÷ž áćž‘Ñ§ä÷ž’fl÷flø¶≥Ÿ∑ä´¦ÇžflˆÅ∑fløàø¿‘Ú
´¦Ç‘ÇfiÊ¿ÚÑéÚ´¿¢ÖéÚ÷fl∑Ú¦Ÿ‘à˜¿‘§ã´ ◊øÒŸˆÅ∑fløàø¿‘Ú
ãÚáćžÅÍ◊ÑÇ¢¦Ÿ¢Ÿ§ˆ¦‚àø¿‘Úàª¾ÚŸ‘žfl§äø ≥ČÃÇfl÷
Ú¿é¨ÍÚ›à’ÚŸÇfiÊ¿∑fløªøÍà÷fiÚˆÅ∑fløàø¿‘Úø¦‚¢Ÿ§
ˆ¦‚àø¿‘ÚŸ¿∑ÇfiÊ¿◊ÚÖè§Č¿è’fl÷flø¶≥Ÿ∑∑fløàªÅ¿è‘ÚáªÅ§
¢Ÿ§ˆÅ∑fløàø¿‘Ú¢Ÿ§ˆ¦‚àø¿‘Ú â´‘´‚ä´¦ČÑé§æfl˜øÇ÷
¢Ÿ§≤ÑéÚàø¿‘Ú ÇÑ´ˆÅãÚáćžÅÍáÚÇÃfi´øÇ≥‘Ÿ´
(Concept) ÇÑ´øfl‘¢¦Ÿ áÅÍøfl‘≥ÆÃÃÅ ÇfiÊ¿∑flø
ªøÍà÷fiÚÚ¿éä´¦¶‚∑ã≤¦Ÿ‘žfl§∑Ç¦fl§¢Çfl§ãÚćžfl§ªøÍàČÿ
â´‘à©˜flÍãÚ∑ÅžÆ÷Çfi¨Ñ‘Čfl§∂˚’fi∑’ÝÿÖ∑Éfl Ÿ‘žfl§äø

∑çćfl÷∑fløªøÍà÷fiÚˆÅÚ¿é’fl÷flø¶ã≤¦ä´¦∑Ñ≥ČÆ∑’fl¢fl
Çfi≤fl áÅÍä´¦àøfiè÷÷¿∑fløã≤¦ãÚ’fl¢flŸÒèÚ≥¦fl§áÅ¦Ç

∑fløªøÍà÷fiÚˆÅá≥≥à´fi÷Č¿èÚfi‘÷ã≤¦∑ÑÚ ÃÒŸ
∑fløàªø¿‘≥àČ¿‘≥ˆÅ∑fløČ´’Ÿ≥◊ÅÑ§àø¿‘Ú (Post-
test) Çžfl÷fl∑∑ÇžflˆÅ∑fløČ´’Ÿ≥∑žŸÚàø¿‘Ú (Pre-
test) ÷fl∑Ú¦Ÿ‘à˜¿‘§ã´ áÅÍ◊fl∑ć¦Ÿ§∑fløàªø¿‘≥
àČ¿‘≥ˆÅ∑fløàø¿‘Ú∑flø’ŸÚøÍ◊Çžfl§ÇfiÊ¿∑flø’ŸÚ
’Ÿ§ÇfiÊ¿ ∑ç’fl÷flø¶àªø¿‘≥àČ¿‘≥ä´¦ÇžflÃÍáÚÚ’Ÿ≥
¢Ÿ§ˆ¦‚àø¿‘Ú∑ÅžÆ÷ã´÷fl∑∑Çžfl∑ÑÚ ∫Öè§Ÿfl¨’øÆªÇžfl∑ÅžÆ÷
Č¿è÷¿ˆÅćžfl§ÃÍáÚÚ∑žŸÚáÅÍ◊ÅÑ§’‚§∑Çžfl÷¿ˆÅ∑flø
àø¿‘Úø¦‚Č¿èà˜fiè÷¢ÖéÚ÷fl∑∑Çžfl

ćÑÇŸ‘žfl§à≤žÚ ˆ¦‚àø¿‘Ú’Ÿ§◊¦Ÿ§ˆžflÚ∑flø
’Ÿ≥∑žŸÚàø¿‘Ú´¦Ç‘¢¦Ÿ’Ÿ≥à´¿‘Ç∑ÑÚ â´‘◊¦Ÿ§áø∑
ä´¦ÃÍáÚÚà©Å¿è‘ 30 ÃÍáÚÚ ◊¦Ÿ§Č¿è’Ÿ§ä´¦ÃÍáÚÚ
à©Å¿è‘ 50 ÃÍáÚÚ ¨fl∑ÃÍáÚÚàćç÷ 100 ÃÍáÚÚ
◊ÅÑ§¨fl∑ÚÑéÚČÑé§’Ÿ§◊¦Ÿ§ˆžflÚ∑fløàø¿‘Ú´¦Ç‘ÇfiÊ¿ćžfl§
∑ÑÚáÅ¦Ç ćžfl§∑çČ´’Ÿ≥◊ÅÑ§àø¿‘Ú â´‘◊¦Ÿ§áø∑ä´¦
ÃÍáÚÚà©Å¿è‘ 60 ÃÍáÚÚ ãÚ¢ÙÍČ¿è◊¦Ÿ§Č¿è’Ÿ§
ä´¦ÃÍáÚÚà©Å¿è‘ 75 ÃÍáÚÚ ∫Öè§¨fl∑¢¦Ÿ÷‚Å¢¦fl§ć¦Ú
∑fløàªø¿‘≥àČ¿‘≥ˆÅ∑fløàø¿‘Úø¦‚¢Ÿ§ČÑé§’Ÿ§◊¦Ÿ§
´¦Ç‘ÇfiÊ¿ČÑèÇ ¥ äªŸfl¨Č›ä´¦´Ñ§Ú¿é

University of Indiana, USA in 1998. This method assesses studentsþ learning gained by
comparing the difference between pre-test and post-test scores to maximum possible gain.
Normalized gain can be used to assess the whole class, an individual student or the
particular concept. It is quite different from general educational assessment methods
which are usually focused on statistical methods such as t-test, z-test. This assessment
method is mainly used in physics education. It is not well known to other educators.
However, the method can be used with other disciplines. Therefore, we will present a new
assessment method to other educators so that it may be widely used in education.

Keywords : Evaluation, New Assessment, Normalized Gain
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ˆÅ∑fløàø¿‘ÚČ¿èà˜fiè÷¢ÖéÚ¢Ÿ§◊¦Ÿ§Č¿è◊ÚÖè§ÃÒŸ
(Post-test) - (Pre-test) = 60 - 30 = 30 ÃÍáÚÚ
◊øÒŸ∑ÅžflÇä´¦Çžfl ˆ¦‚àø¿‘Ú◊¦Ÿ§Ú¿é÷¿ˆÅ∑fløàø¿‘Úà˜fiè÷¢ÖéÚ
30 ÃÍáÚÚ

ˆÅ∑fløàø¿‘ÚČ¿èà˜fiè÷¢ÖéÚ¢Ÿ§◊¦Ÿ§Č¿è’Ÿ§ÃÒŸ
(Post-test) - (Pre-test) = 75 - 50 = 25 ÃÍáÚÚ
◊øÒŸ∑ÅžflÇä´¦Çžfl ˆ¦‚àø¿‘Ú◊¦Ÿ§Ú¿é÷¿ˆÅ∑fløàø¿‘Úà˜fiè÷¢ÖéÚ
25 ÃÍáÚÚ

¨Íà◊çÚä´¦ÇžflˆÅ∑fløàø¿‘Úø¦‚Č¿èà˜fiè÷¢ÖéÚ¢Ÿ§
ˆ¦‚àø¿‘ÚČÑé§’Ÿ§∑ÅžÆ÷Ú¿é÷¿ÃÇfl÷áć∑ćžfl§∑ÑÚ≤Ñ´à¨ÚÃÒŸ
◊¦Ÿ§Č¿è◊ÚÖè§÷¿ˆÅ∑fløàø¿‘Úà˜fiè÷¢ÖéÚ 30 ÃÍáÚÚ ãÚ
¢ÙÍČ¿è◊¦Ÿ§Č¿è’Ÿ§÷¿̂ Å∑fløàø¿‘Úà˜fiè÷¢ÖéÚ 25 ÃÍáÚÚ
´Ñ§ÚÑéÚ ˆ¦‚àø¿‘Ú◊¦Ÿ§Č¿è◊ÚÖè§÷¿ˆÅ∑fløàø¿‘ÚČ¿èà˜fiè÷¢ÖéÚ
÷fl∑∑Çžfl ´¦Ç‘ÇfiÊ¿∑fløªøÍà÷fiÚà≤žÚÚ¿éŸfl¨’øÆªä´¦Çžfl
ÇfiÊ¿∑flø’ŸÚ¢Ÿ§◊¦Ÿ§áø∑ã◊¦ˆÅ∑fløàø¿‘Úø¦‚Č¿è´¿∑Çžfl
◊¦Ÿ§Č¿è’Ÿ§

Ÿ‘žfl§äø∑çćfl÷ Ÿfl¨÷¿¢¦Ÿâć¦á‘¦§◊Åfl‘ ¥
Ÿ‘žfl§à∑¿è‘Ç∑Ñ≥ÇfiÊ¿∑fløªøÍà÷fiÚáÅÍ∑flø’øÆªˆÅ
´Ñ§∑ÅžflÇ à≤žÚ ∑fløČ¿èÃÍáÚÚ’Ÿ≥∑žŸÚàø¿‘Ú¢Ÿ§
ˆ¦‚ àø¿‘ÚČÑé§’Ÿ§◊¦Ÿ§ćžfl§∑ÑÚ ◊øÒŸ∑fløČ¿èâŸ∑fl’Č¿è
áćžÅÍ◊¦Ÿ§¨ÍÃÍáÚÚà˜fiè÷¢ÖéÚä´¦’‚§’Æ´ćžfl§∑ÑÚ
(∑ÅžflÇÃÒŸ ˆ¦‚àø¿‘Ú◊¦Ÿ§áø∑ä´¦ÃÍáÚÚ∑žŸÚàø¿‘Ú 30
ÃÍáÚÚ ´Ñ§ÚÑéÚÃÍáÚÚŸfl¨¨Íà˜fiè÷¢ÖéÚä´¦Ÿ¿∑¶Ö§
100 - 30 = 70 ÃÍáÚÚ ãÚ¢ÙÍČ¿è◊¦Ÿ§Č¿è’Ÿ§ä´¦
ÃÍáÚÚ’Ÿ≥∑žŸÚàø¿‘Ú 50 ÃÍáÚÚ ´Ñ§ÚÑéÚâŸ∑fl’
’‚§’Æ´Č¿è¨Íä´¦ÃÍáÚÚà˜fiè÷¢ÖéÚÃÒŸ 100 - 50 = 50
ÃÍáÚÚ ¨Íà◊çÚä´¦ÇžflâŸ∑fl’Č¿è¨Íä´¦ÃÍáÚÚà˜fiè÷¢ÖéÚ
¢Ÿ§ČÑé§’Ÿ§◊¦Ÿ§ä÷žàČžfl∑ÑÚ) ¨Ö§Č›ã◊¦¢¦Ÿ’øÆª´¦Ç‘ÇfiÊ¿
∑fløáø∑ÚÑéÚ‘Ñ§ã≤¦ä÷žä´¦ ´¦Ç‘ª½ş◊fl´Ñ§∑ÅžflÇÚ¿é¨Ö§ä´¦
÷¿ˆ¦‚à’ÚŸÇfiÊ¿∑fløãÚ∑fløªøÍà÷fiÚˆÅ∑fløàø¿‘Úø¦‚¢Ÿ§
ˆ¦‚àø¿‘Ú´¦Ç‘ÇfiÊ¿∑fløã◊÷ž

Normalized Gain ÃÒŸŸÍäø
øfi≤fløÝ´ ŸfløÝ à⁄Ã (Richard R. Hake)

ÚÑ∑∂˚’fi∑’Ýá◊ž§÷◊flÇfiČ‘flÅÑ‘ŸfiÚà´¿‘Úfl (University
of Indiana) ä´¦à’ÚŸÇfiÊ¿∑fløã◊÷žãÚ∑fløªøÍà÷fiÚˆÅ
∑fløàø¿‘Úø¦‚¨fl∑∑flø’Ÿ≥∑žŸÚàø¿‘Ú (pre-test) áÅÍ
◊ÅÑ§àø¿‘Ú (post-test) â´‘÷¿ÇfiÊ¿∑flø´Ñ§Ú¿é

àÚÒèŸ§¨fl∑ãÚ∑flø’Ÿ≥ÃøÑé§◊ÚÖè§ ¥ ÷¿¢¦Ÿ¨›∑Ñ́
ãÚàøÒèŸ§ÃÍáÚÚćè›’Ǽ  (minimum or floor effect)
Č¿èČÆ∑ÃÚ¨Í÷¿âŸ∑fl’ä´¦ÃÍáÚÚćè›’Æ´ä÷žÚ¦Ÿ‘∑Çžfl
0 àªŸøÝà∫çÚćÝ áÅÍâŸ∑fl’Č¿è¨Íä´¦ÃÍáÚÚ’‚§’Æ´
(maximum or ceiling effect) ä÷žà∑fiÚ 100
àªŸøÝà∫çÚćÝ ◊øÒŸČ¿èàø¿‘∑Çžfl floor and ceiling
effect ´¦Ç‘ª½ş◊flÚ¿é à⁄Ã¨Ö§ä´¦à’ÚŸÇfiÊ¿∑fløãÚ∑flø
ªøÍà÷fiÚˆÅ∑fløàø¿‘Úø¦‚Č¿èà˜fiè÷¢ÖéÚ àø¿‘∑Çžfl Normal-
ized gain â´‘◊flä´¦¨fl∑ ŸÑćøfl’žÇÚ¢Ÿ§ˆÅ∑flø
àø¿‘Úø¦‚Č¿èà˜fiè÷¢ÖéÚ¨øfi§ (Actual gain) ćžŸˆÅ∑fløàø¿‘Ú
ø¦‚’‚§’Æ´Č¿è÷¿âŸ∑fl’à˜fiè÷¢ÖéÚä´¦ (Maximum possible
gain) à¢¿‘Úàª¾Ú’÷∑fløÃÇfl÷’Ñ÷˜ÑÚÊÝä´¦´Ñ§Ú¿é

g = [(%post-test)-(%pre-test)]/
[(100%)-(%pre-test)]

â´‘Č¿è g ÃÒŸ Ãžfl Normalized gain
% Post-test ÃÒŸ Ãžflà©Å¿è‘¢Ÿ§ÃÍáÚÚ

’Ÿ≥◊ÅÑ§àø¿‘Úàª¾ÚàªŸøÝà∫çÚćÝ
% Pre-test ÃÒŸ Ãžflà©Å¿è‘¢Ÿ§ÃÍáÚÚ

’Ÿ≥∑žŸÚàø¿‘Úàª¾ÚàªŸøÝà∫çÚćÝ
â´‘¨ÍÚ›ÃÍáÚÚ÷flÃ›ÚÇÙà©˜flÍˆ¦‚àø¿‘Ú

Č¿è’Ÿ≥ČÑé§∑žŸÚáÅÍ◊ÅÑ§àø¿‘ÚàČžflÚÑéÚ
¢¦Ÿ’Ñ§à∑ć : ∑fløÃ›ÚÇÙ◊fl Normalized

gain Ú¿éä÷ž¨›àª¾Úć¦Ÿ§ã’žàª¾ÚàªŸøÝà∫çÚćÝ∑çä´¦ â´‘
ã◊¦ã≤¦ÃÍáÚÚ’Ÿ≥¨øfi§áČÚ â´‘ Pre-test ÃÒŸÃÍáÚÚ
’Ÿ≥∑žŸÚàø¿‘Ú Post-test ÃÒŸÃÍáÚÚ’Ÿ≥◊ÅÑ§àø¿‘Ú
áÅÍã≤¦ÃÍáÚÚàćç÷¢Ÿ§¢¦Ÿ’Ÿ≥≤Æ´ÚÑéÚáČÚ 100%
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g ◊øÒŸ Normalized gain àª¾Ú∑fløÇÑ́ ˆÅ
∑fløàø¿‘Úø¦‚Č¿èà˜fiè÷¢ÖéÚ¨øfi§¢Ÿ§ˆ¦‚àø¿‘ÚÇžflÃfi´àª¾Ú∑¿èàČžfl
¢Ÿ§ˆÅ∑fløàø¿‘Úø¦‚’‚§’Æ´Č¿è÷¿âŸ∑fl’à˜fiè÷¢ÖéÚä´¦ ∫Öè§
ÃžflČ¿èä´¦¨Í÷¿ÃžflŸ‘ž‚ãÚ≤žÇ§ 0.0-1.0 ∫Öè§∑fløªøÍà÷fiÚ
à≤žÚÚ¿éČ›ã◊¦’fl÷flø¶á∑¦ª½ş◊fl Floor and ceiling
effect ä´¦ à˜øflÍàª¾Ú∑fløªøÑ≥ÃžflˆÅ∑fløàø¿‘Úø¦‚ã◊¦
àª¾Ú÷flćø°flÚ

ćÑÇŸ‘žfl§à≤žÚ (ćÑÇŸ‘žfl§à´¿‘Ç∑ÑÚ∑Ñ≥ćŸÚ
áø∑) ˆ¦‚àø¿‘Ú’Ÿ§◊¦Ÿ§ˆžflÚ∑flø’Ÿ≥∑žŸÚàø¿‘Ú´¦Ç‘
¢¦Ÿ’Ÿ≥à´¿‘Ç∑ÑÚ â´‘◊¦Ÿ§áø∑ä´¦ÃÍáÚÚà©Å¿è‘ 30
ÃÍáÚÚ ◊¦Ÿ§Č¿è’Ÿ§ä´¦ÃÍáÚÚà©Å¿è‘ 50 ÃÍáÚÚ
¨fl∑ÃÍáÚÚàćç÷ 100 ÃÍáÚÚ ◊ÅÑ§¨fl∑ÚÑéÚČÑé§’Ÿ§
◊¦Ÿ§ˆžflÚ∑fløàø¿‘Ú´¦Ç‘ÇfiÊ¿ćžfl§∑ÑÚáÅ¦Ç ćžfl§∑ç
Č´’Ÿ≥◊ÅÑ§àø¿‘Ú â´‘◊¦Ÿ§áø∑ä´¦ÃÍáÚÚà©Å¿è‘
60 ÃÍáÚÚ ãÚ¢ÙÍČ¿è◊¦Ÿ§Č¿è’Ÿ§ä´¦ÃÍáÚÚà©Å¿è‘
75 ÃÍáÚÚ

∑fløªøÍà÷fiÚˆÅ∑fløàø¿‘Úø¦‚Č¿èà˜fiè÷¢ÖéÚ´¦Ç‘
ÇfiÊ¿∑flø Normalized gain ¨Íä´¦ˆÅ´Ñ§Ú¿é

ˆÅ∑fløàø¿‘Úø¦‚¢Ÿ§ˆ¦‚àø¿‘Ú◊¦Ÿ§Č¿è◊ÚÖè§ ¨Íä´¦Çžfl
g = (60% - 30%) / (100% - 30%) =

30% / 70% = 0.43
¢¦Ÿ÷‚ÅÚ¿éŸÊfi≥fl‘ä´¦Çžfl ˆÅ∑fløàø¿‘Úø¦‚Č¿èà˜fiè÷¢ÖéÚ

¨øfi§ (Actual gain) ¢Ÿ§ˆ¦‚àø¿‘Ú◊¦Ÿ§Č¿è◊ÚÖè§÷¿Ãžfl
60% - 30% = 30% áÅÍˆÅ∑fløàø¿‘Ú’‚§’Æ´Č¿è
÷¿âŸ∑fl’à˜fiè÷¢ÖéÚäªä´¦ (Maximum possible gain)
÷¿Ãžfl 100% - 30% = 70% áÅÍˆÅ∑fløàø¿‘Úø¦‚
Č¿èà˜fiè÷¢ÖéÚ¨øfi§Ãfí àª¾Ú 0.43 àČžfl (◊øÒŸ 43%) ¢Ÿ§
ˆÅ∑fløàø¿‘Ú’‚§’Æ´Č¿è ¨Í÷¿ âŸ∑fl’à˜fiè÷¢ÖéÚäªä´¦
ˆÅ∑fløàø¿‘Úø¦‚¢Ÿ§ˆ¦‚àø¿‘Ú◊¦Ÿ§Č¿è’Ÿ§ ¨Íä´¦Çžfl

g = (75% - 50%) / (100% - 50%) =
25% / 50% = 0.50

¢¦Ÿ÷‚ÅÚ¿éŸÊfi≥fl‘ä´¦Çžfl ˆÅ∑fløàø¿‘Úø¦‚Č¿èà˜fiè÷
¢ÖéÚ¨øfi§¢Ÿ§ˆ¦‚àø¿‘Ú◊¦Ÿ§Č¿è’Ÿ§÷¿Ãžfl 75% - 50%
= 25% áÅÍˆÅ∑fløàø¿‘Ú’‚§’Æ´Č¿è÷¿âŸ∑fl’à˜fiè÷¢ÖéÚ
äªä´¦÷¿Ãžfl 100% - 50% = 50% áÅÍˆÅ∑flø
àø¿‘Úø¦‚Č¿èà˜fiè÷¢ÖéÚ¨øfi§Ãfí àª¾Ú 0.50 àČžfl (◊øÒŸ 50%)
¢Ÿ§ˆÅ∑fløàø¿‘Ú’‚§’Æ´Č¿è¨Í÷¿âŸ∑fl’à˜fiè÷¢ÖéÚäªä´¦

¨fl∑¢¦Ÿ÷‚ÅÃžfl Normalized gain ¢Ÿ§
ˆ¦‚àø¿‘ÚČÑé§’Ÿ§◊¦Ÿ§Ú¿éČ›ã◊¦’øÆªä´¦Çžfl ˆÅ∑fløàø¿‘Ú
ø¦‚Č¿èà˜fiè÷¢ÖéÚ¢Ÿ§ˆ¦‚àø¿‘Ú◊¦Ÿ§Č¿è’Ÿ§´¿∑Çžfl◊¦Ÿ§Č¿è◊ÚÖè§
´Ñ§ÚÑéÚ ¨Íà◊çÚä´¦Çžfl ´¦Ç‘ÇfiÊ¿∑fløªøÍà÷fiÚÚ¿é ¨Í’øÆª
ä´¦Çžfl◊¦Ÿ§Č¿è’Ÿ§ÚÑéÚ÷¿̂ Å∑fløàø¿‘ÚČ¿è́ ¿¢ÖéÚ÷fl∑∑Çžfl◊¦Ÿ§
Č¿è◊ÚÖè§ ∫Öè§áć∑ćžfl§¨fl∑ÇfiÊ¿ªøÍà÷fiÚČ¿èã≤¦ãÚćŸÚáø∑
ÚŸ∑¨fl∑Ú¿é  à⁄Ã‘Ñ§ä´¦ÿÖ∑Éfl∑fløªøÍà÷fiÚ´¦Ç‘
ÇfiÊ¿ Normalized gain ∑Ñ≥ÚÑ∑àø¿‘ÚČÑé§ãÚøÍ´Ñ≥
÷ÑÊ‘÷ÿÖ∑ÉfláÅÍøÍ´Ñ≥÷◊flÇfiČ‘flÅÑ‘ ¨›ÚÇÚ∑Çžfl
6,542 ÃÚ ∑Ñ≥’¶fl≥ÑÚ∑fløÿÖ∑ÉflãÚªøÍàČÿ’◊øÑ°-�
Ÿà÷øfi∑fl¨›ÚÇÚ 62 ’¶fl≥ÑÚČ¿è÷¿∑fløã≤¦ø‚ªá≥≥∑flø
àø¿‘Ú∑flø’ŸÚãÚáćžÅÍ≤ÑéÚàø¿‘Úćžfl§∑ÑÚ â´‘á≥ž§
ø‚ªá≥≥∑fløàø¿‘Ú∑flø’ŸÚàª¾Ú’Ÿ§∑ÅžÆ÷ÃÒŸ ∑ÅžÆ÷
Č¿è’ŸÚ´¦Ç‘ÇfiÊ¿ ∑fløàø¿‘Úá≥≥÷¿ªĆfi’Ñ÷˜ÑÚÊÝ (Inter-
active engagement course: IE) áÅÍ´¦Ç‘ÇfiÊ¿
á≥≥´Ñé§à´fi÷ (Traditional: T) â´‘ã≤¦á≥≥Č´’Ÿ≥
÷flćø°flÚ∂˚’fi∑’ÝČ¿èàø¿‘∑Çžfl FCI (Force concept
inventory) à˜ÒèŸČ´’Ÿ≥∑Ñ≥ˆ¦‚àø¿‘Ú ∫Öè§˜≥Çžfl ´¦Ç‘
∑fløªøÍà÷fiÚà≤žÚÚ¿éČ›ã◊¦’fl÷flø¶á≥ž§øÍ´Ñ≥¢Ÿ§Ãžfl
Normalized gain ŸŸ∑àª¾Ú∑ÅžÆ÷ä´¦àª¾Ú’fl÷øÍ´Ñ≥
(Richard R. Hake. 1998 : 64-74) ä´¦á∑ž

−High gain× àª¾Ú≤ÑéÚàø¿‘ÚČ¿èä´¦Ãžfl g ≥ 0.7
−Medium gain× àª¾Ú≤ÑéÚàø¿‘ÚČ¿èä´¦Ãžfl

0.3 ≤ g < 0.7
−Low gain× àª¾Ú≤ÑéÚàø¿‘ÚČ¿èä´¦Ãžfl 0.0 ≤

g < 0.3
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á’´§∑fløá≥ž§≤žÇ§¢Ÿ§øÍ´Ñ≥Ãžfl Normalized gain
Č¿èä´¦á≥ž§àª¾Ú’fl÷øÍ´Ñ≥ ÃÒŸ −High gain× −me-
dium gain× áÅÍ −Low gain× â´‘∑øfl∂à’¦Ú
ČÖ≥Č¿è÷¿Å‚∑ÿø∑›∑Ñ≥áÅÍà¢¿‘ÚÇžfl <<g>>48IE ÃÒŸ
àª¾ÚÃžflà©Å¿è‘¢Ÿ§ Normalized gain ¢Ÿ§≤ÑéÚàø¿‘Ú
Č¿è÷¿∑flø’ŸÚá≥≥÷¿ªĆfi’Ñ÷˜ÑÚÊÝ¨›ÚÇÚ 48 ≤ÑéÚ
àø¿‘Ú áÅÍ∑øfl∂à’¦ÚČÖ≥Č¿è÷¿Å‚∑ÿø∑›∑Ñ≥áÅÍà¢¿‘Ú
Çžfl <<g>>14T ÃÒŸ àª¾ÚÃžflà©Å¿è‘¢Ÿ§ Normalized
gain ¢Ÿ§≤ÑéÚàø¿‘Ú¨›ÚÇÚ 14 ≤ÑéÚàø¿‘ÚČ¿è÷¿∑flø
’ŸÚá≥≥´Ñé§à´fi÷ ø‚ªČÖ≥áČÚ∑ÅžÆ÷≤ÑéÚàø¿‘ÚČ¿è÷¿∑flø

¨fl∑∑øfl∂ŸÊfi≥fl‘ä´¦Çžfl á∑Ú Y ÃÒŸ
ˆÅ∑fløàø¿‘Úø¦‚Č¿è à˜fiè÷¢ÖéÚ¨øfi§◊øÒŸ Actual gain
(%<Gain>) ’žÇÚá∑Ú X ÃÒŸ ÃÍáÚÚ∑žŸÚàø¿‘Ú
(%<Pre-test>) à’¦Úćø§ãÚ∑øfl∂á’´§¶Ö§ Nor-
malized gain (g) ∫Öè§’fl÷flø¶◊flä´¦¨fl∑Ãžfl
’Ñ÷≥‚øÙÝ¢Ÿ§ÃÇfl÷≤ÑÚ¢Ÿ§∑øfl∂ (|slope|) â´‘
Normalized gain ÃÒŸŸÑćøfl’žÇÚøÍ◊Çžfl§ˆÅ∑flø
àø¿‘Úø¦‚Č¿èà˜fiè÷¢ÖéÚ¨øfi§ %<Gain> àČ¿‘≥∑Ñ≥ˆÅ∑flø
àø¿‘Úø¦‚’‚ §’Æ´Č¿è÷¿ âŸ∑fl’à˜fiè÷¢ÖéÚä´¦  ∫Öè § ä´¦¨fl∑
100% - %Pre-test ∑øfl∂à’¦ÚČÖ≥ÃÒŸ∑øfl∂Č¿è

´Ñ§á’´§ãÚø‚ªČ¿è 1

ø‚ªČ¿è 1 á’´§∑fløàªø¿‘≥àČ¿‘≥øÍ◊Çžfl§ˆÅ∑fløàø¿‘Úø¦‚Č¿èà˜fiè÷¢ÖéÚ¨øfi§ (Gain) ∑Ñ≥ÃÍáÚÚ’Ÿ≥∑žŸÚàø¿‘Ú
(Pretest) ¢Ÿ§ˆ¦‚àø¿‘ÚãÚøÍ´Ñ≥÷ÑÊ‘÷ÿÖ∑Éfl (HS) ÇfiČ‘flÅÑ‘ (COLL) áÅÍ÷◊flÇfiČ‘flÅÑ‘ (UNIV)
â´‘á≥ž§àª¾Ú’Ÿ§∑ÅžÆ÷ÃÒŸ ∑ÅžÆ÷Č¿èàø¿‘Úá≥≥÷¿ªĆfi’Ñ÷˜ÑÚÊÝ ∑Ñ≥∑ÅžÆ÷Č¿èàø¿‘Úá≥≥´Ñé§à´fi÷
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’ŸÚá≥≥´Ñé§à´fi÷ áÅÍø‚ªâªøž§áČÚ∑ÅžÆ÷≤ÑéÚàø¿‘Ú
Č¿è÷¿∑flø’ŸÚá≥≥÷¿ªĆfi’Ñ÷˜ÑÚÊÝ â´‘ø‚ª’¿èà◊Å¿è‘÷
áČÚøÍ´Ñ≥÷ÑÊ‘÷ÿÖ∑Éfl Ç§∑Å÷áČÚÇfiČ‘flÅÑ‘ áÅÍ
ø‚ª¢¦flÇ◊Åfl÷ćÑ´áČÚ÷◊flÇfiČ‘flÅÑ‘ ¨fl∑ˆÅ∑flø
’›øÇ¨˜≥Çžfl

1. ČÆ ∑ ¥ ≤ÑéÚ àø¿‘ÚČ¿è÷¿∑flø’ŸÚá≥≥
´Ñé§à´fi÷∫Öè§÷¿̈ ›ÚÇÚ 14 ≤ÑéÚàø¿‘Ú (N = 2084) ä´¦Ãžfl
Normalized gain (g) Ÿ‘ž‚ãÚ≤žÇ§ −Low gain×
â´‘Č¿èÃžflà©Å¿è‘¢Ÿ§ Normalized gain (<<g>>14T)
÷¿Ãžfl = 0.23 ± 0.04

2. ≤ÑéÚàø¿‘Ú 41 ≤ÑéÚàø¿‘Ú (N=3741)
¨fl∑ČÑé§◊÷´ 48 ≤ÑéÚàø¿‘ÚČ¿è÷¿∑fløàø¿‘Úá≥≥÷¿
ªĆfi’Ñ÷˜ÑÚÊÝ ÷¿Ãžfl Normalized gain Ÿ‘ž‚ãÚ≤žÇ§
−Medium gain× áÅÍ 7 ≤ÑéÚàø¿‘Ú (N= 717)
÷¿Ãžfl Normalized gain Ÿ‘ž‚ãÚ≤žÇ§ −Low gain×
â´‘Č¿èÃžflà©Å¿è‘¢Ÿ§ Normalized gain (<<g>>48IE)
÷¿Ãžfl = 0.48 ± 0.14

3. ä÷ž÷¿≤ÑéÚàø¿‘Úã´àÅ‘Č¿èä´¦Ãžfl Normal-
ized gain ãÚ≤žÇ§ −High gain×

¨fl∑ˆÅ∑flø’›øÇ¨¢Ÿ§à⁄Ã¨Íà◊çÚä´¦Çžfl
∑fløàø¿‘Ú∑flø’ŸÚČ¿èćžfl§∑ÑÚ¨Íã◊¦ˆÅ∑fløàø¿‘Úø¦‚Č¿è
ćžfl§∑ÑÚ â´‘∑flø’ŸÚá≥≥÷¿ªĆfi’Ñ÷˜ÑÚÊÝ¨Íã◊¦Ãžfl
Normalized gain Ÿ‘ž‚ãÚ≤žÇ§ −Medium gain×
∫Öè§Č›ã◊¦ˆ¦‚àø¿‘Ú÷¿ˆÅ∑fløàø¿‘Úø¦‚Č¿è÷fl∑∑Çžfl∑flø’ŸÚ
á≥≥´Ñé§à´fi÷ à˜øflÍãÚ∑flø’ŸÚá≥≥´Ñé§à´fi÷ÚÑéÚ
˜≥ÇžflÃžfl Normalized gain ¨Íć∑Ÿ‘ž‚ãÚ≤žÇ§
−Low gain×

∑fløªøÍà÷fiÚ∑fløàø¿‘Ú∑flø’ŸÚ´¦Ç‘ÇfiÊ¿
Normalized gain Ú¿é¨Íã◊¦ÃÇfl÷’Úã¨Č¿èˆÅ∑flø
àø¿‘ÚČ¿èà˜fiè÷¢ÖéÚàª¾Ú◊ÅÑ∑â´‘ˆÅ∑fløàø¿‘Úø¦‚Č¿èà˜fiè÷¢ÖéÚÚ¿é
¢ÖéÚŸ‘ž‚∑Ñ≥ÇfiÊ¿∑flø’ŸÚ◊øÒŸ∑øÍ≥ÇÚ∑fløãÚ∑flø¨Ñ́ ∑flø
àø¿‘Ú∑flø’ŸÚàČžflÚÑéÚ ä÷žä´¦¢ÖéÚŸ‘ž‚∑Ñ≥ÃÍáÚÚ’Ÿ≥

∑žŸÚàø¿‘ÚáÅÍ∑Ñ≥∑ÅžÆ÷ˆ¦‚àø¿‘Ú â´‘ÃÇfl÷’Ñ÷˜ÑÚÊÝ
øÍ◊Çžfl§Ãžfl Normalized gain (g) ∑Ñ≥ÃÍáÚÚ
’Ÿ≥∑žŸÚàø¿‘Ú¢Ÿ§ˆ¦‚àø¿‘ÚáćžÅÍÃÚ (<si>) ÚÑéÚ÷¿
Ãžfl’◊’Ñ÷˜ÑÚÊÝČ¿èÚ¦Ÿ‘÷fl∑ (ªøÍ÷flÙ +0.02)
´Ñ§ÚÑéÚ ¨Ö§’fl÷flø¶Ú›ÇfiÊ¿∑fløªøÍà÷fiÚÚ¿é÷flã≤¦ä´¦∑Ñ≥
ˆ¦‚àø¿‘ÚČÆ∑∑ÅžÆ÷Č¿èá÷¦Çžfl¨Í÷¿ˆÅ∑fløČ´’Ÿ≥∑žŸÚàø¿‘Ú
Č¿èáć∑ćžfl§∑ÑÚ Ÿ‘žfl§äø∑çćfl÷ä´¦÷¿∑fløćÑé§¢¦Ÿ’Ñ§à∑ć
Çžfl∑fløªøÍà÷fiÚ´¦Ç‘ÇfiÊ¿Ú¿éŸfl¨¢ÖéÚŸ‘ž‚∑Ñ≥ª½̈ ¨Ñ‘ŸÒèÚ ¥ Ÿ¿∑
à≤žÚ ÃÇfl÷’fl÷flø¶ãÚ∑fløã◊¦à◊ćÆˆÅ¢Ÿ§ˆ¦‚àø¿‘Ú
áćžÅÍÃÚ ÃÇfl÷’fl÷flø¶Čfl§ÃÙfićÿfl’ćøÝ ◊øÒŸ
á÷¦∑øÍČÑè§à˜ÿ¢Ÿ§ˆ¦‚àø¿‘Ú (Vincent P. Coletta
& Jeffrey A. Phillips. 2005 : 1172-1182)
Ÿ‘žfl§äø∑çćfl÷ ˆÅ∑øÍČ≥àÚÒèŸ§¨fl∑ª½¨¨Ñ‘à◊ÅžflÚ¿é
˜≥Çžfl÷¿’žÇÚČ¿èČ›ã◊¦ˆÅ∑fløÃ›ÚÇÙˆfi´˜Åfl´äª
àÅç∑Ú¦Ÿ‘àČžflÚÑéÚ ∫Öè§àª¾ÚàøÒèŸ§ª∑ćfi¢Ÿ§∑fløÇfi¨Ñ‘Čfl§
’Ñ§Ã÷ÿfl’ćøÝ

ªøÍàæČ¢Ÿ§ Normalized Gain
’›◊øÑ≥∑fløªøÍ‘Æ∑ćÝã≤¦∑fløªøÍà÷fiÚˆÅ

∑fløàø¿‘Ú´¦Ç‘ÇfiÊ¿ Normalized gain à˜ÒèŸªøÍà÷fiÚ
Çžflˆ¦‚àø¿‘Ú÷¿ˆÅ∑fløàø¿‘Úà˜fiè÷¢ÖéÚ÷fl∑Ú¦Ÿ‘à˜¿‘§ã´
ČÑé§ãÚæfl˜øÇ÷¢Ÿ§≤ÑéÚàø¿‘Ú ÇÑ´ˆÅãÚáćžÅÍáÚÇÃfi´
øÇ≥‘Ÿ´ (Concept) ÇÑ´øfl‘¢¦Ÿ áÅÍøfl‘≥ÆÃÃÅ
’fl÷flø¶¨›áÚ∑ªøÍàæČä´¦´Ñ§Ú¿é

1. á≥≥áćžÅÍ≤ÑéÚàø¿‘Ú (Class normalized
gain)

2. á≥≥áćžÅÍøfl‘≥ÆÃÃÅ (Single student
normalized gain)

3. á≥≥áćžÅÍøfl‘¢¦Ÿ (Single test item
normalized gain)

4. á≥≥áćžÅÍÃÇfl÷Ãfi´øÇ≥‘Ÿ´ (Con-
ceptual dimensional normalized gain)
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Normalized gain áćžÅÍªøÍàæČ÷¿
ÃÇfl÷◊÷fl‘áÅÍ◊ÅÑ∑∑flø´Ñ§Ú¿é

1) á≥≥áćžÅÍ≤ÑéÚàø¿‘Ú (Class nor-
malized gain) ãÚàŸ∑’fløČÑèÇäª÷Ñ∑ã≤¦Çžfl Class
average normalized gain

◊÷fl‘¶Ö§ ∑flø˜fi¨fløÙflÇžflˆÅ∑fløàø¿‘Úø¦‚
¢Ÿ§ˆ¦‚ àø¿‘ÚČÑé §≤ÑéÚà˜fiè÷¢ÖéÚÃfi´àª¾Ú∑¿è àČžfl¢Ÿ§ˆÅ
∑fløàø¿‘Úø¦‚’‚§’Æ´Č¿è÷¿âŸ∑fl’à˜fiè÷¢ÖéÚä´¦ â´‘˜fi¨fløÙfl
ä´¦̈ fl∑ÃÍáÚÚà©Å¿è‘¢Ÿ§ČÑé§≤ÑéÚ ČÑé§∑žŸÚáÅÍ◊ÅÑ§àø¿‘Ú

∑flø˜fi¨fløÙflˆÅ∑fløàø¿‘Ú¢Ÿ§ˆ¦‚àø¿‘ÚãÚ
ÅÑ∑ÉÙÍÚ¿éã≤¦à˜ÒèŸ´‚ÇžflˆÅ∑fløàø¿‘Ú∑flø’ŸÚâ´‘
æfl˜øÇ÷¢Ÿ§ČÑé§≤ÑéÚÚÑéÚ÷¿˜ÑÛÚfl∑flø¢ÖéÚ÷fl∑Ú¦Ÿ‘
à˜¿‘§ã´ ∫Öè§â´‘ČÑèÇäªÚÑ∑Çfi¨Ñ‘¨ÍŸ¦fl§¶Ö§àÚÒèŸ§¨fl∑
’fl÷flø¶≥Ÿ∑àª¾Úæfl˜øÇ÷¢Ÿ§ČÑé§≤ÑéÚ Ÿ‘žfl§äø∑çćfl÷
ãÚ∑fløÃfi´Ã›ÚÇÙà˜ÒèŸ◊flÃžfl Normalized gain Ú¿é
Ÿfl¨ã≤¦∑fløÚÑ≥ÃÍáÚÚ◊øÒŸÚÑ≥¨›ÚÇÚˆ¦‚ àø¿‘ÚČ¿è
ćŸ≥¢¦Ÿ’Ÿ≥ä´¦¶‚∑ć¦Ÿ§à˜ÒèŸ÷flÃ›ÚÇÙ ˆÅ∑flø
Ã›ÚÇÙČ¿èä´¦¨Íàª¾Ú∑flø≥Ÿ∑æfl˜øÇ÷¢Ÿ§ČÑé§≤ÑéÚ
Çžfl÷¿ˆÅ∑fløàø¿‘Ú´¿¢ÖéÚ÷fl∑Ú¦Ÿ‘à˜¿‘§ã´ áćž¶¦fl◊fl∑
ć¦Ÿ§∑flø´‚Çžflˆ¦‚àø¿‘ÚáćžÅÍÃÚ÷¿ˆÅ∑fløàø¿‘Úà˜fiè÷¢ÖéÚ
◊øÒŸÅ´Å§àª¾ÚŸ‘žfl§äøä÷žŸfl¨’øÆªä´¦´¦Ç‘ÇfiÊ¿∑fløÚ¿é
à˜øflÍä÷žä´¦̃ fï fløÙfl¶Ö§ÃÍáÚÚ¢Ÿ§ˆ¦‚àø¿‘ÚáćžÅÍÃÚ
´‚áćžÃÍáÚÚà©Å¿è‘¢Ÿ§ČÑé§≤ÑéÚàø¿‘ÚàČžflÚÑéÚ ¶¦flć¦Ÿ§
∑flø´‚ÃÍáÚÚ¢Ÿ§ˆ¦‚àø¿‘ÚáćžÅÍÃÚ¨Í˜fi¨fløÙflä´¦
´¦Ç‘¨fl∑ Normalized gain áćžÅÍøfl‘≥ÆÃÃÅ

2) á≥≥áćžÅÍøfl‘≥ÆÃÃÅ (Single stu-
dent normalized gain)

◊÷fl‘¶Ö§ ∑flø˜fï fløÙflÇžflˆ¦‚àø¿‘ÚáćžÅÍÃÚ
÷¿˜ÑÛÚfl∑flø∑fløàø¿‘Úø¦‚àª¾ÚŸ‘žfl§äø â´‘˜fi¨fløÙfl
ä´¦¨fl∑∑fløÚ›ÃÍáÚÚ’Ÿ≥∑žŸÚàø¿‘ÚáÅÍ◊ÅÑ§àø¿‘Ú
¢Ÿ§ˆ¦‚àø¿‘ÚáćžÅÍÃÚ÷flÃ›ÚÇÙ◊flÃžfl Normalized
gain

Ÿ‘žfl§äø∑çćfl÷ ãÚČfl§ªĆfi≥ÑćfiŸfl¨¨ÍČ›ä´¦
‘fl∑’›◊øÑ≥∑flø˜fi¨fløÙflÃžfl Normalized gain
¢Ÿ§ˆ¦‚àø¿‘ÚáćžÅÍÃÚàÚÒèŸ§¨fl∑ć¦Ÿ§ã≤¦àÇÅfl÷fl∑
â´‘à©˜flÍ¶¦fl◊fl∑ˆ¦‚àø¿‘Ú÷¿¨›ÚÇÚ÷fl∑ áćž’›◊øÑ≥
≤Ñé Ú àø¿ ‘ÚČ¿è ÷¿ ˆ¦‚ à ø¿ ‘Ú¨›ÚÇÚÚ¦Ÿ‘àøfl’fl÷flø¶
˜fi¨fløÙflä´¦ áÅÍ¨Íàª¾Ú∑flø´¿à˜øflÍČ›ã◊¦ˆ¦‚’ŸÚ
’fl÷flø¶´‚˜ÑÛÚfl∑flø¢Ÿ§ˆ¦‚àø¿‘ÚáćžÅÍÃÚä´¦àª¾Ú
Ÿ‘žfl§´¿  ŸÑÚ¨Íàª¾ÚáÚÇČfl§ãÚ∑flø≤žÇ‘à’øfi÷
ˆ¦‚ àø¿‘Ú÷¿ˆÅ∑fløàø¿‘Úø¦‚ćè›ä´¦ ∑flø˜fi¨fløÙflãÚ
ÅÑ∑ÉÙÍÚ¿éàª¾Ú∑flø˜fï fløÙfløfl‘ÃÚ áćž◊fl∑ć¦Ÿ§∑flø
˜fi¨fløÙflÇžfl¢¦Ÿ’Ÿ≥áćžÅÍ¢¦ŸÚÑéÚˆ¦‚àø¿‘ÚćŸ≥¶‚∑ä´¦
÷fl∑Ú¦Ÿ‘à˜¿‘§ã´ ◊øÒŸ÷¿̃ ÑÛÚfl∑fløćžŸ¢¦Ÿ’Ÿ≥¢¦ŸÚÑéÚ
Ÿ‘žfl§äøć¦Ÿ§˜fi¨fløÙfl´¦Ç‘ÇfiÊ¿ÇfiÊ¿∑fløČ¿èàø¿‘∑Çžfl á≥≥
áćžÅÍøfl‘¢¦Ÿ (Single test item normalized
gain) ∫Öè§¨Íä´¦∑ÅžflÇãÚÅ›´Ñ≥ćžŸäª

3) á≥≥áćžÅÍøfl‘¢¦Ÿ (Single test
item normalized gain)

◊÷fl‘¶Ö§ ∑flø˜fi¨fløÙflÇžfl¨›ÚÇÚˆ¦‚àø¿‘Ú
Č¿èćŸ≥¶‚∑’›◊øÑ≥¢¦Ÿ’Ÿ≥¢¦Ÿ◊ÚÖè§ ¥ à˜fiè÷¢ÖéÚàª¾Ú
àČžflã´ãÚ∑flø’Ÿ≥∑žŸÚàø¿‘ÚáÅÍ◊ÅÑ§àø¿‘Ú

∑flø˜fi¨fløÙflãÚÅÑ∑ÉÙÍÚ¿é÷¿¢¦Ÿ´¿ ÃÒŸ
Č›ã◊¦≥Ÿ∑ä´¦Çžflˆ¦‚àø¿‘Ú÷¿ÃÇfl÷à¢¦flã¨ćžŸ¢¦Ÿ’Ÿ≥áćž
ÅÍ¢¦ŸŸ‘žfl§äø ∫Öè§’fl÷flø¶Ú›÷flàª¾Ú¢¦Ÿ÷‚ÅãÚ∑flø
ªøÑ≥ªøÆ§∑fløàø¿‘Ú∑flø’ŸÚãÚàøÒèŸ§Č¿èà∑¿è‘Ç¢¦Ÿ§∑Ñ≥
¢¦Ÿ’Ÿ≥¢¦ŸÚÑéÚ ¥ ä´¦àª¾ÚŸ‘žfl§´¿ ÚŸ∑¨fl∑Ú¿é∑flø
˜fi¨fløÙflá≥≥Ú¿é‘Ñ§≥Ÿ∑ä´¦Çžfl ÇfiÊ¿∑flø’ŸÚČ¿èã≤¦ÚÑéÚ
Č›ã◊¦ˆ¦‚àø¿‘Ú÷¿ÃÇfl÷à¢¦flã¨ãÚàÚÒéŸ◊fl¢Ÿ§¢¦Ÿ’Ÿ≥
¢¦ŸÚ¿é÷fl∑¢ÖéÚ÷fl∑Ú¦Ÿ‘à˜¿‘§ã´ ∫Öè§’fl÷flø¶Ú›÷flã≤¦
ªøÍà÷fiÚ¶Ö§ÃÆÙæfl˜¢Ÿ§ÇfiÊ¿∑flø’ŸÚä´¦ Ÿ‘žfl§äø
∑çćfl÷ ˆ¦‚’ŸÚ◊Åfl‘ÃÚÚfi‘÷Č¿è ¨Í˜fi¨fløÙfl¶Ö§
˜ÑÛÚfl∑flø¢Ÿ§ˆ¦‚àø¿‘ÚãÚ∑ÅžÆ÷¢Ÿ§¢¦Ÿ’Ÿ≥Č¿èøÇ÷∑Ñ≥
àª¾ÚáÚÇÃfi´øÇ≥‘Ÿ´÷fl∑∑Çžfl ∫Öè§¨Íä´¦˜fi¨fløÙfl
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ä´¦´¦Ç‘ÇfiÊ¿Č¿èàø¿‘∑Çžfl á≥≥áćžÅÍÃÇfl÷Ãfi´øÇ≥‘Ÿ´
(Conceptual dimensional normalized gain)

4) á≥≥áćžÅÍÃÇfl÷Ãfi´øÇ≥‘Ÿ´ (Con-
ceptual dimensional normalized gain)

àª¾Ú∑flø˜fi¨fløÙflÇžfl˜ÑÛÚfl∑flø◊øÒŸ
ˆÅ∑fløàø¿‘Úø¦‚Č¿èà˜fiè÷¢ÖéÚ¢Ÿ§ˆ¦‚àø¿‘ÚČ¿è÷¿ćžŸÃÇfl÷Ãfi´
øÇ≥‘Ÿ´◊ÚÖè§ ¥ àª¾ÚŸ‘žfl§äø’›◊øÑ≥¢¦Ÿ’Ÿ≥≤Æ´
◊ÚÖè§ ¥ â´‘à©˜flÍ¢¦Ÿ’Ÿ≥Č¿èàª¾Ú∑flø’Ÿ≥ÇÑ́ ÃÇfl÷Ãfí
øÇ≥‘Ÿ´ (Conceptual test) ∫Öè§÷Ñ∑¨Í÷¿∑fløá≥ž§
◊÷Ç´◊÷ž‚¢Ÿ§¢¦Ÿ’Ÿ≥ŸŸ∑àª¾Ú∑ÅžÆ÷ćfl÷áÚÇÃÇfl÷Ãfí
øÇ≥‘Ÿ´ (Concept) Č¿èˆ¦‚’ø¦fl§á≥≥Č´’Ÿ≥ä´¦
∑›◊Ú´ÇÑć¶ÆªøÍ’§ÃÝäÇ¦∑žŸÚ’ŸÚ ´Ñ§ÚÑéÚ ¨Ö§àª¾Ú
Č¿èÚfi‘÷ã≤¦ãÚ∑flø˜fi¨fløÙflˆÅ∑fløàø¿‘Úø¦‚Č¿èà˜fiè÷¢ÖéÚ
¢Ÿ§ˆ¦‚àø¿‘ÚćžŸ∑ÅžÆ÷¢¦Ÿ’Ÿ≥∑ÅžÆ÷◊ÚÖè§ ¥ ŸÑÚ¨ÍČ›ã◊¦
≥Ÿ∑ä´¦Çžflˆ¦‚àø¿‘Ú÷¿ÃÇfl÷à¢¦flã¨ćžŸáÚÇÃÇfl÷Ãfi´
øÇ≥‘Ÿ´áćžÅÍáÚÇÃÇfl÷Ãfi´Ÿ‘žfl§äø ÇfiÊ¿∑fløÚ¿éã≤¦
∑ÑÚŸ‘žfl§á˜øž◊Åfl‘â´‘à©˜flÍŸ‘žfl§‘fiè§ãÚ§flÚÇfi¨Ñ‘
Čfl§´¦flÚ∂˚’fi∑’ÝÿÖ∑Éfl àÚÒèŸ§¨fl∑¢¦Ÿ’Ÿ≥÷flćø°flÚ
ČÑèÇäªãÚČfl§∂˚’fi∑’ÝÿÖ∑Éfl¨Í÷¿∑fløÃÇfl÷à¢¦flã¨
øÇ≥‘Ÿ´àª¾Ú∑ÅžÆ÷Ÿ‘ž‚ãÚ¢¦Ÿ’Ÿ≥≤Æ´à´¿‘Ç∑ÑÚ ∫Öè§◊fl∑
˜fï fløÙflà©˜flÍÃÍáÚÚøÇ÷ä÷žŸfl¨≥Ÿ∑ä´¦Çžflˆ¦‚àø¿‘Ú
÷¿ÃÇfl÷à¢¦flã¨ãÚáćžÅÍáÚÇÃÇfl÷Ãfi´øÇ≥‘Ÿ´ÚÑéÚ
÷fl∑Ú¦Ÿ‘à˜¿‘§ã´ ¨Ö§àª¾ÚŸ¿∑¢¦Ÿ´¿Č¿è¨Í˜fi¨fløÙflÇžfl
ˆ¦‚àø¿‘Ú÷¿ÃÇfl÷à¢¦flã¨ãÚÃÇfl÷Ãfi´øÇ≥‘Ÿ´ÚÑéÚ ¥
àª¾ÚŸ‘žfl§äø à˜ÒèŸČ¿è¨Íàª¾ÚáÚÇČfl§ãÚ∑flø˜ÑÛÚfl
∑flø’ŸÚä´¦ćø§∑Ñ≥áÚÇÃÇfl÷Ãfi´øÇ≥‘Ÿ´Č¿èˆ¦‚àø¿‘Ú
÷¿ÃÇfl÷à¢¦flã¨ˆfi´∑ÑÚ÷fl∑

’øÆªáÅÍ¢¦Ÿà’ÚŸáÚÍ
Normalized gain àª¾ÚÇfiÊ¿∑fløªøÍà÷fiÚ

ˆÅ∑fløàø¿‘Úø¦‚á≥≥ã◊÷žČ¿èáć∑ćžfl§ŸŸ∑äª¨fl∑ÇfiÊ¿
ČÑèÇäªČ¿èÚfi‘÷ã≤¦∑ÑÚãÚČfl§∑fløÿÖ∑ÉflČ¿è÷Ñ∑˜‚´¶Ö§∑flø

ã≤¦◊ÅÑ∑Čfl§’¶fićfi à≤žÚ t-test, z-test Ÿ‘žfl§äø∑çćfl÷
∑fløªøÍà÷fiÚˆÅâ´‘ÇfiÊ¿ČÑèÇäªä÷žä´¦≥Ÿ∑ÇžflˆÅ∑flø
àø¿‘Úø¦‚¢Ÿ§ˆ¦‚àø¿‘Úà˜fiè÷¢ÖéÚ÷fl∑Ú¦Ÿ‘à˜¿‘§ã´ ÇfiÊ¿∑flø
ªøÍà÷fiÚˆÅ∑fløàø¿‘Úø¦‚á≥≥ã◊÷žÚ¿é÷¿◊ÅÑ∑∑flø˜fï fløÙfl
ÃÒŸ àªø¿‘≥àČ¿‘≥ˆÅćžfl§¢Ÿ§ˆÅ’Ÿ≥∑žŸÚàø¿‘ÚáÅÍ
◊ÅÑ§àø¿‘ÚàČ¿‘≥∑Ñ≥ÃÍáÚÚ’‚§’Ǽ Č¿è÷¿âŸ∑fl’à˜fiè÷¢ÖéÚä´¦
¢¦Ÿ´¿¢Ÿ§∑fløªøÍà÷fiÚˆÅ´¦Ç‘ÇfiÊ¿Ú¿éÃÒŸ ’fl÷flø¶≥Ÿ∑
¶Ö§˜ÑÛÚfl∑flø∑fløàªÅ¿è‘ÚáªÅ§¢Ÿ§ˆ¦‚àø¿‘Ú∑žŸÚáÅÍ
◊ÅÑ§∑fløàø¿‘Ú ∫Öè§áć∑ćžfl§¨fl∑∑fløªøÍà÷fiÚˆÅ∑flø
Çfi¨Ñ‘Čfl§∑fløÿÖ∑ÉflČÑèÇäªČ¿èä÷žä´¦≥Ÿ∑¶Ö§ªøfi÷flÙ∑flø
àªÅ¿è‘ÚáªÅ§¢Ÿ§˜ÑÛÚfl∑flø¢Ÿ§ˆ¦‚àø¿‘Ú ÚŸ∑¨fl∑Ú¿é
‘Ñ§’fl÷flø¶ã≤¦˜fi¨fløÙflˆÅ∑fløàø¿‘Ú∑flø’ŸÚ¢Ÿ§
ˆ¦‚àø¿‘Úä´¦◊Åfl‘ÅÑ∑ÉÙÍ ä´¦á∑ž

- ã≤¦àªø¿‘≥àČ¿‘≥ˆÅ∑fløàø¿‘Úø¦‚ãÚøÍ´Ñ≥
≤ÑéÚàø¿‘Ú à˜ÒèŸÿÖ∑ÉflˆÅćžfl§¢Ÿ§ˆÅ∑fløàø¿‘Úø¦‚
øÍ◊Çžfl§≤ÑéÚàø¿‘ÚČ¿è÷¿∑fløàø¿‘Ú∑flø’ŸÚáć∑ćžfl§∑ÑÚ

- ã≤¦àªø¿‘≥àČ¿‘≥ˆÅ∑fløàø¿‘Úø¦‚ãÚøÍ´Ñ≥
øfl‘≥ÆÃÃÅ à˜ÒèŸÿÖ∑Éfl˜ÑÛÚfl∑fløàø¿‘Úø¦‚¢Ÿ§ˆ¦‚àø¿‘Ú
áćžÅÍÃÚÇžfl÷¿ˆÅ∑fløàø¿‘Úà˜fiè÷¢ÖéÚ÷fl∑Ú¦Ÿ‘à˜¿‘§ã´

- ã≤¦àªø¿‘≥àČ¿‘≥ˆÅ∑fløàø¿‘Úø¦‚ãÚøÍ´Ñ≥
øfl‘¢¦Ÿ’Ÿ≥ à˜ÒèŸÿÖ∑ÉflÇžfl¢¦Ÿ’Ÿ≥áćžÅÍ¢¦ŸÚÑéÚ
ˆ¦‚àø¿‘Ú÷¿˜ÑÛÚfl∑flø∑fløàø¿‘Úø¦‚ćžŸ¢¦Ÿ’Ÿ≥¢¦Ÿ◊ÚÖè§ ¥
àª¾ÚŸ‘žfl§äø

- ã≤¦àªø¿‘≥àČ¿‘≥ˆÅ∑fløàø¿‘Úø¦‚ãÚøÍ´Ñ≥
ÃÇfl÷Ãfi´øÇ≥‘Ÿ´ à˜ÒèŸÿÖ∑ÉflÇžfl∑ÅžÆ÷¢¦Ÿ’Ÿ≥◊ÚÖè§ ¥
Č¿è ÇÑ´ÃÇfl÷Ãfi´øÇ≥‘Ÿ´à´¿‘Ç∑ÑÚÚÑéÚ ˆ¦‚ àø¿‘Ú÷¿
˜ÑÛÚfl∑fløćžŸ∑ÅžÆ÷¢¦Ÿ’Ÿ≥ÚÑéÚàª¾ÚŸ‘žfl§äø

∑fløªøÍ‘Æ∑ćÝã≤¦áćžÅÍá≥≥ÚÑéÚ¢ÖéÚŸ‘ž‚∑Ñ≥
ÇÑć¶ÆªøÍ’§ÃÝ¢Ÿ§ˆ¦‚Çfi¨Ñ‘Çžflć¦Ÿ§∑flø˜fi¨fløÙflˆ¦‚àø¿‘Ú
Ÿ‘žfl§äø Ÿfl¨∑ÅžflÇä´¦Çžfl Normalized gain àª¾Ú
Ÿ¿∑Čfl§àÅÒŸ∑◊ÚÖè§ãÚ∑fløªøÍà÷fiÚˆÅČ¿è’fl÷flø¶ã≤¦
àªø¿‘≥àČ¿‘≥ˆÅ∑fløàø¿‘Úàø¿‘Úø¦‚¢Ÿ§ˆ¦‚àø¿‘Úä´¦àª¾Ú
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Ÿ‘žfl§´¿ Ÿ‘žfl§äø∑çćfl÷‘Ñ§÷¿ª½¨¨Ñ‘ŸÒèÚ ¥ Č¿èŸfl¨
’ž§ˆÅćžŸ∑fløªøÍà÷fiÚˆÅá≥≥Ú¿éŸ‘ž‚≥¦fl§ ∫Öè§‘Ñ§ć¦Ÿ§∑flø

∑fløÿÖ∑Éflà˜fiè÷àćfi÷à˜ÒèŸ‘ÒÚ‘ÑÚÃÇfl÷¶‚∑ć¦Ÿ§¢Ÿ§
ÇfiÊ¿∑fløÚ¿é
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