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A Small A Small ““ExperimentExperiment””



Lady tasting tea

The beginningThe beginning……



TermsTerms

�� CRDCRD: Completely Randomized Design : Completely Randomized Design ––ΠλήρωςΠλήρως

ήή ΕντελώςΕντελώς ΤυχαιοποιηµένοΤυχαιοποιηµένο ΣχέδιοΣχέδιο

�� RCBDRCBD: Randomized Complete Block Design: Randomized Complete Block Design--

ΠλήρειςΠλήρεις ΟµάδεςΟµάδες σεσε ΕλεύθερηΕλεύθερη ∆ιάταξη∆ιάταξη

�� LSLS: Latin Square: Latin Square--ΣχέδιοΣχέδιο ΛατινικούΛατινικού ΤετραγώνουΤετραγώνου

�� Factorial ExperimentFactorial Experiment: : ΠαραγοντικόΠαραγοντικό ΠείραµαΠείραµα

�� ANOVAANOVA: Analysis of Variance: Analysis of Variance--ΑνάλυσηΑνάλυση

ΠαραλλακτικότηταςΠαραλλακτικότητας ((∆ιακύµανσης∆ιακύµανσης, , ∆ιασποράς∆ιασποράς))

�� Experimental ErrorExperimental Error: : ΠειραµατικόΠειραµατικό ΣφάλµαΣφάλµα



CRD 



Model for CRD (one factor)Model for CRD (one factor)

Y

Factor

Error



Mathematical, Linear Model for CRD Mathematical, Linear Model for CRD 

(one Factor)(one Factor)
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ΠίνακαςΠίνακας ΑνάλυσηςΑνάλυσης

ΠαραλλακτικότηταςΠαραλλακτικότητας

Πηγές 

Παραλλακτικότητας 
β.ε. 

Αθροίσµατα 

Τετραγώνων 

Μέσα 

Τετράγωνα 
F 

Επεµβάσεις     

Σφάλµα     

Ολική     
 

1 2 3 4 5



ANOVA Table (one Factor, CRD)ANOVA Table (one Factor, CRD)

Source  

of Variation 
df 

Sum of 

Squares 

(SS) 

Mean 

Squares 

(MS) 

F 

Factor     

Error     

Total     
 



RCBD
Block 1

Block 2

Block 3

Block 4



Model for RCBD (one factor)Model for RCBD (one factor)

Y

Factor

Error

Block



ANOVA Table (one Factor, RCBD)ANOVA Table (one Factor, RCBD)

Source  

of Variation 
df 

Sum of 

Squares 

(SS) 

Mean 

Squares 

(MS) 

F 

Block     

Factor     

Error     

Total     
 



Latin Square (4Latin Square (4××××××××4)4)

Monday Sunday Friday Saturday



Latin Square (4Latin Square (4××××××××4)4)

8:00 11:00 9:00 14:00



Model for Latin Square (one factor)Model for Latin Square (one factor)

Y

Factor

Error

Rows

Columns



ANOVA Table (one Factor, LS)ANOVA Table (one Factor, LS)

Source  

of Variation 
df 

Sum of 

Squares 

(SS) 

Mean 

Squares 

(MS) 

F 

Rows (LS)     

Columns (LS)     

Factor     

Error     

Total     
 



CRD



RCBD
Block 1 Block 2

Block 3
Block 4



Latin Square (3Latin Square (3××××××××3)3)

Period 2 (3 wks)

Period 1 (3 wks)

Period 3 (3 wks)



Latin Square (3Latin Square (3××××××××3)3)



CRDCRD



RCBDRCBD

Block 1 Block 2 Block 3 

( - ) ( + )



Latin Square (3Latin Square (3××××××××3)3)

Column 1 

Row 1 

( - ) ( + )

Column 2 Column 3 

Row 2

Row 3

Column 4 

Row 4



Generalized RCBD
Block 1

Block 2

Block 3

Block 4



Unbalanced CRD



44××2 Factorial (CRD)2 Factorial (CRD)



Model for two Factors CRDModel for two Factors CRD

Y

Factor A

Error

Factor B

A××××B



ANOVA Table (Two Factors, CRD)ANOVA Table (Two Factors, CRD)

Source  

of Variation 
df 

Sum of 

Squares 

(SS) 

Mean 

Squares 

(MS) 

F 

Factor A     

Factor B     

A×B     

Error     

Total     
 



33××2 Factorial (RCBD)2 Factorial (RCBD)

Block 1 Block 2



22××2 Factorial (RCBD)2 Factorial (RCBD)
Block 1 Block 2 Block 3



Model for Two Factors RCBDModel for Two Factors RCBD

Y

Factor A

Error

Factor B

Block

A××××B



ANOVA Table (Two Factors, RCBD)ANOVA Table (Two Factors, RCBD)

Source  

of Variation 
df 

Sum of 

Squares 

(SS) 

Mean 

Squares 

(MS) 

F 

Block     

Factor A     

Factor B     

A×B     

Error     

Total     
 



Two Factors RCBD, Factor B is Two Factors RCBD, Factor B is 

a splita split--plot on Factor Aplot on Factor A
Block 1 Block 2 Block 3



SplitSplit--plot RCBD plot RCBD 



Model for Two Factors RCBD Model for Two Factors RCBD 

(Split(Split--plot)plot)

Y

Factor A

Error b

Factor B

Block

A××××B

Error a
(A××××Block)



ANOVA Table ANOVA Table 

(Two Factors, Split(Two Factors, Split--plot, RCBD)plot, RCBD)

Source  

of Variation 
df 

Sum of 

Squares 

(SS) 

Mean 

Squares 

(MS) 

F 

Block     

Factor A     

Error a     

Factor B     

A×B     

Error b     

Total     
 

Main plot Analysis

Sub plot Analysis



Repeated Measures on the Same Repeated Measures on the Same 

Experimental UnitsExperimental Units
Time 1 Time 2 Time 3 Time 4

Whole 

Experiment

RCBD



ANOVA Table (RCBD) ANOVA Table (RCBD) 

Time is a split on TreatmentsTime is a split on Treatments

Source  

of Variation 
df 

Sum of 

Squares 

(SS) 

Mean 

Squares 

(MS) 

F 

Block     

Treatments (Tr)     

Error a     

Time     

Tr×Time     

Error b     

Total     
 



Example (Repeated Measures)Example (Repeated Measures)

Source  

of Variation 
df 

Sum of 

Squares 

(SS) 

Mean 

Squares 

(MS) 

F 

Block     

Factor A     

Factor B     

A×B     

Error a     

Time     

A×Time     

B×Time     

A×B×Time     

Error b     

Total     
 

Main plot Analysis

Sub plot Analysis



63

52

41

RandomizationRandomization (1)(1)



5

RandomizationRandomization (2)(2)

5



5

5

RandomizationRandomization (3)(3)

5



2

RandomizationRandomization (4)(4)

5

2



2

2

RandomizationRandomization ((55))

5

2



2

RandomizationRandomization ((66))

5

2

1

6

3

4



Randomization in MS ExcelRandomization in MS Excel

Function: RANDBETWEEN



Experimental Error Experimental Error 

Common VarianceCommon Variance




