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¡ÒÃe¡çºÃÇºÃÇÁ¢�oÁÙÅ

æº �§oo¡e» �¹ 3 Çi¸Õ
1. o´Â¡ÒÃÊíÒÃÇ¨ (survey)
2. o´Â¡ÒÃ·´Åo§ (experiment)
3. o´Â¡ÒÃÊíÒÃÇ¨¡ ึè§·´Åo§ (Quasi-experiment)



¡ÒÃ·´Åo§

¡ÒÃe¡çºÃÇºÃÇÁ¢ �oÁÙÅ¨Ò¡¡ÒÃ·´Åo§ ¼Ù�È ึ¡ÉÒ
¨aµ �o§ÊÃ �Ò§¡ÒÃ·´Åo§¢ ึé¹ÁÒo´ÂÁÕÇaµ¶u»ÃaÊ§¤�·Õè¨aÈ ึ¡ÉÒ
oi·¸i¾Å¢o§»�¨ äÂºÒ§» �¨ äÂ o´ÂoÒ¨e» �¹¡ÒÃ·´Åo§e¾ ืèo
È ึ¡ÉÒ» �¨ äÂã´» �¨ äÂË¹ึè§ e¾ÕÂ§» �¨ äÂe ṌÂÇËÃ ืoËÅÒÂ» �̈ äÂä»
¾Ã �oÁæ¡a¹ o´Â»�¨ äÂËÃ ืooi·¸i¾Åoืè¹·ÕèäÁ�µ �o§¡ÒÃÈ ึ¡ÉÒ
¨aµ �o§¶Ù¡¤Çº¤uÁãË�oÂÙ�ã¹ÊÀÒÇae ṌÂÇ¡ a¹ á§¹ aé¹¡�o¹¨a·íÒ
¡ÒÃ·´Åo§¨aµ �o§ÁÕ¡ÒÃoo¡æººËÃ ืoÇÒ§æ¼¹ãË �eËÁÒaÊÁ 
e¾ ืèoãË�ä �́¢�oÁÙÅ·Õè¶Ù¡µ �o§e» �¹ä»µÒÁe§ ืèo¹ä¢¢o§Çi¸Õ¡ÒÃ·Ò§
Ê¶iµi·Õè ãª �ã¹¡ÒÃÇi e¤ÃÒaË� æÅa»ÃÒÈ¨Ò¡¤ÇÒÁÅíÒeoÕÂ§ 
(bias)



æ¼¹¡ÒÃ·´Åo§

æº �§oo¡e» �¹ 2 »ÃaeÀ·ãË�æ
1. æ¼¹¡ÒÃ·´Åo§æººÃaºº (systematic design) 

e»�¹æ¼¹¡ÒÃ·´Åo§·Õè ä´·ÃÕ·eÁ¹µ �ãË�¡aºË¹�ÇÂ·´Åo§
e»�¹Ãaººo´ÂäÁ �ä´ �ãª �¡ÒÃÊu�Á (·ÃÕ·eÁ¹µ �ºÒ§·ÃÕ·eÁ¹µ �
oÒ¨ä´ �e»ÃÕÂº·ÃÕ·eÁ¹µ �oืè¹) ¶�ÒÇie¤ÃÒaË�¢�oÁÙÅ �́ÇÂ
Çi¸Õ¡ÒÃ·Ò§Ê¶iµi· aèÇä»oÒ¨·íÒãË�ä �́¼ÅÊÃu»·ÕèÁÕ¤ÇÒÁ
¤ÅÒ´e¤Å ืèo¹ÊÙ§ 

2. æ¼¹¡ÒÃ·´Åo§æººÊu�Á (randomized design) 
e» �¹æ¼¹¡ÒÃ·´Åo§·Õè¨ a´·ÃÕ·eÁ¹µ �ãË �Ë¹ �ÇÂ·´Åo§o´Â
¤íÒ¹ ึ§¶ ึ§¡®æË �§oo¡ÒÊ ·u¡·ÃÕ·eÁ¹µ �¨aµ �o§ä´ �Ã aº
oo¡ÒÊ·Õèe· �Òe·ÕÂÁ¡ a¹ 



æ¼¹¡ÒÃ·´Åo§æººÊu�Á

æº �§oo¡e» �¹ 2 »ÃaeÀ·ãË�æ
1. æ¼¹¡ÒÃ·´Åo§» �¨ äÂe ṌÂÇ (single factor 

experiment)
1) æ¼¹¡ÒÃ·´Åo§æººÊu�ÁÊÁºÙÃ³ � (CRD)
2) æ¼¹¡ÒÃ·´Åo§æººÊu�Áã¹ºÅo¤ÊÁºÙÃ³ � (RCBD)
3) æ¼¹¡ÒÃ·´Åo§æººÅÒµi¹Êæ¤ÇÃ � 

2. æ¼¹¡ÒÃ·´Åo§ËÅÒÂ» �¨ äÂ (single factor 
experiment)

1) æ¼¹¡ÒÃ·´Åo§æººÊu�Á« �o¹ (Nested design)
2) ¡ Ò Ã · ´ Å o § æ º º æ ¿ ¤ · o e ÃÕ Â Å  (Factorial

experiment)
a) Factorial in CRD
b) Factorial in RCBD



¡ÒÃÇ a´ (Measurement)

� ¡ÒÃÇ a´ (Measurement) e»�¹e¤Ãืèo§Á ืo¾ ืé¹°Ò¹
ÊíÒËÃaº§Ò¹Çi äÂ oo¡æºº æÅa¾ a²¹Ò ¡ÒÃÇ a´Â a§e»�¹
Ê�Ç¹»Ãa¡oºËÅ a¡ã¹¡ÃaºÇ¹¡ÒÃ¤Çº¤uÁ¡ÒÃ·íÒ§Ò¹e¾ ืèo
µÃÇ¨ÊoºÊÁÃÃ¶¹a·Õè¶Ù¡µ �o§

� ¡ÒÃÇa´ ¤ืo ¡ÃaºÇ¹¡ÒÃ·Õè·íÒ¡ÒÃe»ÃÕÂºe·ÕÂº»ÃiÁÒ³·Õè
äÁ�·ÃÒº¤ �Ò¢o§µ aÇæ»Ã¡ aº¤ �ÒÁÒµÃ°Ò¹·Õè¡íÒË¹´äÇ� ¶�Ò¤ �Ò
Ça´ä �́ã¡Å �e¤ÕÂ§¡ aº¤ �Ò¨Ãi§ÁÒ¡e¾ÕÂ§ã´æÊ´§Ç �ÒÁÕ¤ÇÒÁæÁ �¹ÂíÒ
ËÃืo¶Ù¡µ �o§ÊÙ§

� ¡ÒÃÇ a´·u¡¤Ã aé§ÁÕ¤�Ò¤ÇÒÁ¼i´¾ÅÒ´eÊÁo ã¹·Ò§» īº aµiäÁ�ÁÕ
e¤Ã ืèo§Á ืoÇ a´ã´·ÕèÇa´¤�ÒæÅ �ÇÁÕ¤ÇÒÁ¶Ù¡µ �o§e· �Ò¤ �Ò¨Ãi§ 
´a§¹ aé¹ ¡ÒÃãª �e¤Ãืèo§Á ืoÇ a´µ �o§e¢�Òã¨ËÅa¡¡ÒÃæÅae·¤¹i¤
¾ ืé¹°Ò¹¢o§¡ÒÃÇ a´oÂ �Ò§¶Ù¡µ �o§ æÅa¤íÒ¹ ึ§¶ ึ§ÊÒeËµu·Õè·íÒ
ãË� e¡i´¤�Ò¤ÇÒÁ¼i´¾ÅÒ´¢ึé¹e¾ ืèoËÅÕ¡eÅÕèÂ§ãË�eËÅืo¹ �oÂ
·ÕèÊu´



¤ÇÒÁ¼i´¾ÅÒ´ (Error)

� ¤ÇÒÁ¼i´¾ÅÒ´ (error) ¤ ืo¤ÇÒÁæµ¡µ �Ò§
ÃaËÇ�Ò§¤ �ÒÇ a´ (measured value) ¡ aº¤ �Ò
¨Ãi§ (true value)

� ¡ÒÃÇ a´¤ �Òµ aÇæ»Ãã¹¡ÃaºÇ¹¡ÒÃµ �Ò§æ¹aé¹ eÃÒ
äÁ�ÁÕ·Ò§ÃÙ�¤ �Ò¨Ãi§¢o§µ aÇæ»Ã     äÁ�ÁÕ·Ò§ÃÙ�¤ �Ò
¼i´¾ÅÒ´·Õèæ·�¨Ãi§ e¾ÃÒa¶ �ÒÃÙ�¤ÇÒÁ¼i´¾ÅÒ´eÃÒ
¨aÊÒÁÒÃ¶æ¡ �ä¢Çi¸Õe¡çº¢ �oÁÙÅe¾ ืèoãË �ä �́¢�oÁÙÅ·Õè
¶Ù¡µ �o§ä �́ ¹aè¹¤ ืoeËµu¼ÅËÅa¡·Õèµ�o§ÁÕ¡ÒÃ
»Ãaºe·ÕÂºe¤Ã ืèo§ÁืoÇ a´ ã¹¡ÒÃÇa´¤ �Ò»ÃiÁÒ³ã¹
¡ÃaºÇ¹¡ÒÃ

∴



¡ÒÃ¨íÒæ¹¡ÊÒeËµu¢o§¤ÇÒÁ¼i´¾ÅÒ´

1. ¤ÇÒÁ¼i´¾ÅÒ´o´Â¼Ù�Ç a´ eª �¹ o �Ò¹¤ �ÒäÁ�¶Ù¡µ �o§ 
ºa¹· ึ¡¤ �ÒäÁ�¶Ù¡µ �o§ ¤íÒ¹Ç³¼Å¡ÒÃÇ a´äÁ�
¶Ù¡µ �o§

2. ¤ÇÒÁ¼i´¾ÅÒ´¢o§e¤Ãืèo§ÁืoÇ a´ eª �¹ ¢Ò´¡ÒÃ
ºíÒÃu§Ã a¡ÉÒ oÒÂu¡ÒÃãª �§Ò¹ äÁ�ä �́Êoºe·ÕÂº 
¤ÇÒÁÅaeoÕÂ´¢o§e¤Ã ืèo§Áืo ¡ÒÃãª �e¤Ã ืèo§ÁืoÇ a´
äÁ�¶Ù¡Çi¸Õ

3. ¤ÇÒÁ¼i´¾ÅÒ´¨Ò¡Êiè§æÇ´Å�oÁ eª �¹ ou³ËÀÙÁi 
¤ÇÒÁª ืé¹ ¡ÒÃÊ aè¹Êae·ืo¹ ¤ÇÒÁ¡´oÒ¡ÒÈ 
æÃ§ á¹ä¿¿�Ò Ê¹ÒÁæÁ�eËÅç¡ ÏÅÏ «ึè§oÒ¨ä»
Ãº¡Ç¹¡ÒÃ·íÒ§Ò¹¢o§e¤Ã ืèo§Áืo ·íÒãË �¡ÒÃ
o �Ò¹¤ �Ò¼i´¾ÅÒ´



æº �§e»�¹ 2 ª¹i´ 
� ¤ÇÒÁ¼i´¾ÅÒ´Ãaºº (systematic error) 
e¡i´¨Ò¡e¤Ãืèo§Áืo ÊÀÒ¾æÇ´Å�oÁ ËÃืo¼Ù�Ç a´Ê�§¼Åµ �o
¤ÇÒÁ¶Ù¡µ �o§¢o§¢�oÁÙÅ
� ¤ÇÒÁ¼i´¾ÅÒ´Êu�Á (random error) e»�¹
¤ÇÒÁ¼i´¾ÅÒ´·Õèe¡i´¢ึé¹·u¡¤Ã aé§¢o§¡ÒÃÇ a´ «ึè§
¤Çº¤uÁäÁ�ä �́ oÒ¨e¡i´¨Ò¡¼Ù�Ç a´ ËÃืoe¤Ã ืèo§Áืo·Õèãª �
Ç a´ e»�¹µ �¹

ã¹¡ÒÃÇ a´¶ �Ò¼Å¡ÒÃÇ a´ÁÕ¤ÇÒÁ¼i´¾ÅÒ´Ãaºº¹�oÂ 
¹aè¹¤ ืoÁÕ¤ �Òã¡Å�e¤ÕÂ§¤ �Ò¨Ãi§ÁÒ¡eÃÕÂ¡Ç �Ò¼Å¡ÒÃÇ a´¹aé¹
ÁÕ ¤ÇÒÁæÁ �¹ (accuracy) ÊÙ§ æÅa¶�Ò¼Å¡ÒÃÇ a´
ÁÕ¤ÇÒÁ¼i´¾ÅÒ´æººÊu�Á¹�oÂ ¹ aè¹¤ ืoÁÕ¡ÒÃ¡Ãa¨ÒÂ
¢o§¡ÒÃÇ a´¹�oÂ eÃÕÂ¡¼Å¡ÒÃÇ a´¹aé¹ÁÕ¤ÇÒÁe·ÕèÂ§µÃ§ 
(precision) ÊÙ§ 

¤ÇÒÁ¼i´¾ÅÒ´ (Error)



¤ÇÒÁ¶Ù¡µ �o§ (Accuracy)

� ¤ÇÒÁæÁ�¹ÂíÒËÃืo¤ÇÒÁ¶Ù¡µ �o§ (accuracy) 
¤oื¤ÇÒÁÊÒÁÒÃ¶¢o§Ãaºº·ÕèæÊ´§¼ÅÅa¾¸ �¢o§
¡ÒÃÇ a´ä �́oÂ �Ò§¶Ù¡µ �o§ ËÃ ืo ¤ÇÒÁã¡Å �e¤ÕÂ§¡ a¹
ÃaËÇ �Ò§¤ �Ò·ÕèÇ a´ä �́¡ aº¤ �Ò¨Ãi§¢o§µ aÇæ»Ã·Õè¶Ù¡Ç a´



¤ÇÒÁe·ÕèÂ§ (Precision)

�¤ÇÒÁe·ÕèÂ§ (precision) ËÃืo¤ÇÒÁÊÒÁÒÃ¶ã¹
¡ÒÃÇ a´«éíÒä �́ (repeatability) ËÁÒÂ¶ ึ§
¤ÇÒÁÊÒÁÒÃ¶¢o§Ãaººã¹¡ÒÃo �Ò¹¤ �Òe©¾Òaä �́«éíÒæ 
ËÃืo ¤ÇÒÁÊÒÁÒÃ¶¢o§e¤Ã ืèo§ÁืoÇ a´·ÕèÇ a´¤ �Òæµ �Åa
¤Ã aé§ÁÕ¤ÇÒÁæµ¡µ �Ò§¢o§¤ �Ò·ÕèÇ a´ä �́¹�oÂÁÒ¡ eÁืèoãª �
e¤Ãืèo§Áืo¹ aé¹ä»Ç a´»ÃiÁÒ³µaÇæ»Ãe íÁ

¤ÇÒÁe·ÕèÂ§µÃ§¢o§¡ÒÃÇ a´¹aé¹ÊÒÁÒÃ¶ËÒä �́
¨Ò¡¡ÒÃ¤íÒ¹Ç³ËÒ¤ÇÒÁ¼i´¾ÅÒ´æººÊu�Á «ึè§¹aºÇ �Ò
e»�¹Ê�Ç¹ÊíÒ¤ aÊ�Ç¹Ë¹ึè§¢o§¡ÒÃ·´Åo§      ¤ÇÒÁ
¼i´¾ÅÒ´·Õè¡Å�ÒÇ¶ ึ§¤oื¤ÇÒÁ¼i´¾ÅÒ´æººÊu�Á

∴



æ¹Ç¤i´¢o§¤ÇÒÁe·ÕèÂ§ ¤ÇÒÁ¶Ù¡µ �o§ ¤ÇÒÁ¼i´¾ÅÒ´æººÊu�Á
æÅa¤ÇÒÁ¼i´¾ÅÒ´Ãaººã¹¡ÒÃÇ a´ÊÒÁÒÃ¶æÊ´§ä �́o´Â¡ÒÃ
Âi§e»�Ò á§æÊ´§ã¹ÃÙ» e»�ÒËÁÒÂ¤ ืoÇ§¡ÅÁ¡ÅÒ§e» �Ò ü´ í́Ò¤ ืo
µíÒæË¹ �§·Õèe»�Ò¶Ù¡Âi§



¡ÒÃãª �Ê¶iµiã¹¡ÒÃÇie¤ÃÒaË �¢�oÁÙÅ

10
10
10
10
10

10
9

11
12
8

10 10

7
15
8
5

15

10



¤ �ÒÊ¶iµi
¤ �ÒÊ¶iµi ¤ ืo µ aÇeÅ¢·ÕèæÊ´§Åa¡É³aÊíÒ¤ a¢o§µ aÇoÂ �Ò§
� ¤ �Òe©ÅÕèÂ (mean) � e»�¹¤ �Ò·Õèe»�¹µ aÇæ·¹¢o§¢ �oÁÙÅ 

¤ �Òe©ÅÕèÂeÅ¢¤³iµ¤íÒ¹Ç³¨Ò¡¡ÒÃÃÇÁ¤ �Ò¢o§µ aÇæ»Ã
·aé§ËÁ´ËÒÃ �́ÇÂ¨íÒ¹Ç¹µ aÇæ»Ã·Õè¹íÒÁÒ¤i´

� ¤Ç ÒÁ¼i ´¾Å Ò´¨ Ò¡¡ Ò Ã Ç a´ (measurement 
error) � ¤ �Ò¤ÇÒÁæµ¡µ �Ò§¢o§µ aÇæ»Ã¡ aº¤ �Òe©ÅÕèÂ
ËÒÃ �́ÇÂ¤ �Ò·Õè¹�oÂ¡Ç �Ò í̈Ò¹Ç¹µ aÇæ»Ã· aé§ËÁ´oÂÙ�Ë¹ึè§

� ¤ÇÒÁeºÕèÂ§eº¹ ËÃืo¤ÇÒÁæ»Ã»ÃÇ¹ (varience) -
¼ÅºÇ¡¡íÒÅa§Êo§¢o§¤ÇÒÁæµ¡µ �Ò§ÃaËÇ �Ò§æµ �Åa¤ �Ò¡ aº
¤ �Òe©ÅÕèÂËÒÃ´�ÇÂ¤ �Ò« ึè§¹�oÂ¡Ç �Ò¨íÒ¹Ç¹µ aÇæ»Ã· aé§ËÁ´
oÂÙ�Ë¹ึè§

� ¤ �ÒeºÕèÂ§eº¹ÁÒµÃ°Ò¹ (standard deviation; 
S.D.) -»ÃiÁÒ³·Õèãª�ºo¡¡ÒÃ¡Ãa¨ÒÂ¢o§¢ �oÁÙÅ·ÕèÇ a´
ä �́Ãoº¤ �Òe©ÅÕèÂ



¤ÇÒÁæ»Ã»ÃÇ¹

คาเฉลี่ยผลรวมกําลังสองของเสนสีชมพูแตละเสน

คาสังเกต

ความแปรปรวนคาที่มุงหวัง
(คาเฉลี่ย)



»ÃiÁÒ³o«e ṌÂÁã¹¹éíÒo§u�¹

น้ําองุน
(mg/20 ml)

1.43
1.56
2.54
2.61
1.34
2.37

-0.545
-0.415
+0.565
+0.635
-0.635
+0.395

0.297
0.172
0.319
0.403
0.403
0.156

0.351.975 0
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¤ÇÒÁæ»Ã»ÃÇ¹
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d.f. (degree of freedom) � o§ÈÒ¤ÇÒÁ
e»�¹oiÊÃa ¤ืo oo¡ÒÊ¢o§µ aÇæ»Ã·Õè¨aÁÕ¤�Òe»ÅÕèÂ¹
æ»Ãä»oÂ �Ò§oiÊÃa



¡Åu�Á·Õè 1

17.47%

¡Åu�Á·Õè 2

20.03%

»ÃiÁÒ³ä¢Á a¹

¡ÒÃãª �Ê¶iµiã¹¡ÒÃµ a´Êi¹ã¨

S.D. = 1.52 S.D. = 5.20 



¡ÒÃ·´ÊoºÊÁÁµi°Ò¹

ÊÁÁµi°Ò¹ ¤oื¤íÒµoº·Õè¼Ù�Çi¨aÂ¤Ò´¤ae¹äÇ�Å�Ç§Ë¹ �ÒoÂ �Ò§
ÁÕeËµu¼Å

ÊÁÁµi°Ò¹ËÅa¡ Ho - ÊÁÁµi°Ò¹¡ÒÃ·´Åo§µÒÁ
Ç aµ¶u»ÃaÊ§¤ �¡ÒÃ·´Åo§ eÁืèo¡íÒË¹´ÊÁÁµi°Ò¹ËÅa¡
æÅ�Ç ¨aµ�o§ËÒËÅa¡°Ò¹(¼Å¨Ò¡¡ÒÃ·´Åo§) ÁÒãª�
Ëa¡Å�Ò§ÊÁÁµi°Ò¹·Õè¡íÒË¹´

ÊÁÁµi°Ò¹Ão§ HA - e»�¹ÊÁÁµi°Ò¹·Õè¶Ù¡
¡íÒË¹´ãË�ÁÕ¢�o¤ÇÒÁ·Õè¢a´æÂ�§¡ aºÊÁÁµi°Ò¹ËÅa¡



¤ÇÒÁ¼i´¾ÅÒ´ã¹¡ÒÃµa´Êi¹ã¨

¡ÒÃµ a´Êi¹ã¨·u¡¤Ã aé§ÁÕ¤ÇÒÁeÊÕèÂ§ ¶ ึ§æÁ�¨aÁÕ
¡ÒÃÇie¤ÃÒaË � �́ÇÂÊ¶iµi µÒÁËÅa¡¡ÒÃÇie¤ÃÒaË�·Õè
¶Ù¡µ �o§ æµ �¡çäÁ�ÊÒÁÒÃ¶Ã aº»Ãa¡ a¹ä �́ 100% Ç�Ò¡ÒÃ
µa´Êi¹ã¨¹ aé¹¶Ù¡µ �o§

¤ÇÒÁ¼i´¾ÅÒ´¨Ò¡¡ÒÃµ a´Êi¹ã¨ ÊÒÁÒÃ¶
æº �§oo¡ä �́e»�¹ 2 »ÃaeÀ·

� ¤ÇÒÁ¼i´¾ÅÒ´»ÃaeÀ··Õè 1 (type I error) e»�¹
¤ÇÒÁ¼i´·Õèe¡i´¨Ò¡¡ÒÃäÁ �ÂoÁÃaºÊÁÁµi°Ò¹ËÅa¡ · aé§æ·Õè
ÊÁÁµi°Ò¹ËÅa¡e»�¹¨Ãi§ æ·¹ �́ÇÂÊ aÅa¡É³ � α
�  ¤ÇÒÁ¼i´¾ÅÒ´»ÃaeÀ··Õè 2 (type 2 error) e»�¹
¤ÇÒÁ¼i´·Õèe¡i´¨Ò¡¡ÒÃÂoÁÃ aºÊÁÁµi°Ò¹ËÅa¡ · aé§æ·Õè
ÊÁÁµi°Ò¹ËÅa¡äÁ�e»�¹¨Ãi§ æ·¹´ �ÇÂÊ aÅa¡É³ � β



ÊÃu»¢aé¹µo¹¡ÒÃ·´ÊoºÊÁÁµi°Ò¹

1. ¡íÒË¹´ÊÁÁµi°Ò¹·Ò§Ê¶iµi H0, HA

2. eÅืo¡µ aÇ·´ÊoºÊ¶iµi (¤ �Ò Z, ¤ �Ò t or ¤ �ÒF)
3. ¤íÒ¹Ç³ËÒ¤ �Ò·´ÊoºÊ¶iµi 
4. ¡íÒË¹´e¡³± �¡ÒÃµa´Êi¹ã¨ ·Õè̈ aÂoÁÃ aºËÃoื» īeÊ¸

ÊÁÁµiËÅa¡µÒÁÃa áº¹ aÂÊíÒ¤ a (α)
5. ÊÃu»¼Å¡ÒÃ·´Êoº



e¡³±�ã¹¡ÒÃ¾i¨ÒÃ³Ò

1. » īeÊ¸ H0 ¶ �Ò¤ �Ò·´Êoº·Õè¤íÒ¹Ç³ä´ �µ¡oÂÙ�ã¹e¢µ
Çi¡ÄµËÃ ืoe¢µ» īeÊ¸

2. » īeÊ¸ H0 ¶ �Ò¤ �Ò¤ÇÒÁ¹ �Ò¨ae»�¹¢o§¤ �Ò·´ÊoºÊ¶iµi
·Õè¤íÒ¹Ç³ä �́ p-value ÁÕ¤ �Ò¹ �oÂ¡Ç �ÒÃa áº¹ aÂÊíÒ¤ a
·Õè¡íÒË¹´ (p<α)



æºº½ �¡Ë a´
¨Ò¡¡ÒÃÈ ึ¡ÉÒÇi¸Õ¼ÊÁoÒËÒÃ 4 Çi¸Õ ä �́¼Å¡ÒÃ

·´Åo§¤ �Ò Tensile Strength (lb/in2) á§
æÊ´§ã¹µÒÃÒ§

Mixing 
technique Tensile Strength (lb/in2)

1 3129 3000 2865 2890

2 3200 3300 2975 3150

3 2800 2900 2985 3050

4 2600 2700 2600 2765

ãË�¹iÊiµ¤íÒ¹Ç³¤ �Ò Mean ¤ �Ò S2 æÅa¤ �Ò 
S.D. ¢o§Çi¸Õ¼ÊÁoÒËÒÃ· aé§ 4 Çi¸Õ



T-test



ONE-SAMPLE t TEST
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T-test

Related Samples

Independent Samples



Related Samples

ScoreNo

white red

sum 191 201 -10 68
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¡ÒÃ¤íÒ¹Ç³

RCBD;  t¤íÒ¹Ç³= -1.25     t0.05 = 2.26    



Independent Samples

A B

mean 4 8

SS
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3
3
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5
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6
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¡ÒÃ¤íÒ¹Ç³

CRD;  t¤íÒ¹Ç³= -4.10     t0.05 = 2.17    

10.4

7
1

7
1825.1

84
277

328

2

tan

11

21

21

−=
+×

−
=∴

−+
+

=

−+
+

=

=

+⋅

−
=

t

S

NN
SSSSS

DeviationdardSPooledS
NN

S

YXt

p

YX
p

p

p



e»ÃÕÂºe·ÕÂº¢¹Á·Õè·íÒ¨Ò¡æ» �§ 2 ª¹i´

«éíÒ æ»�§ A æ»�§ B

1
2
3
4
5

10
11
18
22
13

20
23
46
44
20

CRD;  t¤íÒ¹Ç³= -2.50     t0.05 = 2.306   t0.02 = 2.896 

RCBD;  t¤íÒ¹Ç³= -3.996   t0.05 = 2.776  t0.02 = 3.747 



e»ÃÕÂºe·ÕÂº¢¹Á·Õè·íÒ¨Ò¡æ» �§ 2 ª¹i´

«éíÒ æ»�§ A æ»�§ B

1
2
3
4
5

5
11
18
11
13

10
23
46
22
20

CRD;  t¤íÒ¹Ç³= -2.007     t0.05 = 2.306    

RCBD;  t¤íÒ¹Ç³= -3.106   t0.05 = 2.776  



ANOVA



F-test
¤ ืo ¡ÒÃÇ a´¤ÇÒÁæ»Ã»ÃÇ¹ÃaËÇ�Ò§ªu´¢�oÁÙÅ¡ aº¤ÇÒÁ
æ»Ã»ÃÇ¹ÀÒÂã¹ªu´¢�oÁÙÅ ¶ �Ò¤ÇÒÁæ»Ã»ÃÇ¹ÀÒÂã¹
ªu´¢�oÁÙÅÁÕ¤ �Ò¹�oÂ¡Ç �Ò¤ÇÒÁæ»Ã»ÃÇ¹ÃaËÇ �Ò§ªu´
¢�oÁÙÅ æÊ´§Ç �Òªu´¢�oÁÙÅÁÕ¤ÇÒÁæµ¡µ �Ò§¡ a¹
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SST =  SSb + SSE or W
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F-test



µÒÃÒ§Çie¤ÃÒaË �¤ÇÒÁæ»Ã»ÃÇ¹

ที่มาของความ
แปรปรวน

df ความแปร 
ปรวน(SS)

คาเฉลี่ยความ
แปรปรวน

(MS)

อัตราสวนF

ระหวางชดุขอมูล

ภายในชดุขอมูล

c-1

N-c

SSb

SSW

รวม N-1

W

b

MS
MS

F =b

b
b df

SS
MS =

W

W
W df

SSMS =



µÒÃÒ§Çie¤ÃÒaË �¤ÇÒÁæ»Ã»ÃÇ¹

ที่มาของความ
แปรปรวน

df ความแปร 
ปรวน(SS)

คาเฉลี่ยความ
แปรปรวน

(MS)

อัตราสวนF

ชดุขอมูล

block

error

c-1

r-1

N-c-r

SSb

SSr

SSW
รวม N-1

W

b

MS
MS

F =
b

b
b df

SS
MS =

W

W
W df

SSMS =



e»ÃÕÂºe·ÕÂº¢¹Á·Õè·íÒ¨Ò¡æ» �§ 3 ª¹i´

æ»�§ A æ»�§ B æ»�§ C

10
5
14
11
6

14
10
18
15
9

8
6
16
11
4

32
21
48
37
19

46 66 45 157

CRD;  F¤íÒ¹Ç³= 1.704     F0.05 = 3.89    

RCBD;  F¤íÒ¹Ç³= 28.542    F0.05 = 4.46  



¤íÒ¹Ç³

SST= (102+52+142+112+62+142+102+182

+152 +92+82+62+162+112+42)-1572/15
= 1897-1643.26=253.74

SSB= (462/5+662/5+452/5)-1572/15
= 1699.4-1643.26=56.14

SSE= 253.74-56.14 =197.6



F-test

ที่มาของความ
แปรปรวน

df ความแปร 
ปรวน(SS)

คาเฉลี่ยความ
แปรปรวน

(MS)

อัตราสวนF

ระหวางชดุขอมูล

ภายในชดุขอมูล

2

12

56.14

197.6

28.07

16.47

1.704

รวม 14



ÊÃu»ÊÙµÃ

� ¤ÇÒÁæ»Ã»ÃÇ¹

� Sum of Square

� Ê �Ç¹eºÕèÂ§eº¹ÁÒµÃ°Ò¹

� T-test
� Relate sample t-test
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ÊÃu»ÊÙµÃ

� T-test
� Independent sample t-test
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ÊÃu»ÊÙµÃ

� F-test
� Completely randomized design; CRD

SST =  SSb + SSE or W
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ÊÃu»ÊÙµÃ

� F-test
� Randomized Complete Block design; RCBD

SST =  SSb +   SSr+ SSE or W
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