
Project 9 – Latin Square 

Introduction: 
The lysine digestibility coefficient (Dig) of 6 different heat processed skim milk powder was 

determined using 6 ileosteomy patients. The experimental design was a 6x6 latin-square. This means 

that at a given period of time each skim milk powder (SMP) was given to one ileosteomy patients 

only and that over the entire experimental period each patient receive all the skim milk powder. The 

following data were obtained: 

Table 1. Shows treatment groups organised by column (patient) and row (period) and data collected 

(lysine digestibility coefficient ) for latin square experimental design. 

 Period (β) 

Period (α) 1 2 3 4 5 6 

1 70.5 (A) 59.5 (B) 81 (C) 72 (D) 86.5 (E) 85.5 (F) 

2 60 (B) 82 (C) 84 (F) 71 (A) 74.5 (D) 85 (E) 

3 81 (C) 84 (F) 61 (B) 82 (E) 71.5 (A) 74 (D) 

4 69 (D) 80.5 (E) 69 (A) 61 (B) 86 (F) 82.5 (C) 

5 80.5 (E) 69 (A) 72 (D) 87.5 (F) 82.5 (C) 68 (B) 
6 83 (F) 75 (D) 86 (E) 84.5 (C) 67 (B) 73 (A) 

 

Background 
In Latin square design treatments are assigned to blocks in two different ways, usually represented 

as columns and rows. Each column and each row is a complete block of all treatments. Hence in Lain 

square three explained sources of variability are defined: columns, rows and treatments. 

A particular treatment is assigned just once in each row and column.  Often, one block corresponds 

to the animal and the other block the period. The number of treatments is equal to the number of 

columns and rows. 

The number of treatments administered must be the same as the number of groups or individual 

participants receiving them. For example, for an experimental design involving four treatments (A, B, 

C, and D) and four people, one person might receive Treatment A, then B, then C, and then D; a 

second person might receive them in sequence B, C, D, and A; a third person in sequence C, D, A, 

and B; and a fourth person in sequence D, A, B, and C. 

Latin square designs allow for two blocking factors. In other words, these designs are used to 

simultaneously control (or eliminate) two sources of nuisance variability So, both rows and columns 

can be used as blocking factors. Whenever, you have more than one blocking factor a Latin square 

design will allow you to remove the variation for these two sources from the error variation. 

The Latin Square Design gets its name from the fact that we can write it as a square with Latin letters 

to correspond to the treatments. The treatment factor levels are the Latin letters in the Latin square 

design. The number of rows and columns has to correspond to the number of treatment levels. So, if 

we have four treatments then we would need to have four rows and four columns in order to create 

a Latin square. This gives us a design where we have each of the treatments and in each row and in 

each column. 

We can test for row and column effects, but our focus of interest in a Latin square design is on the 

treatments. The F statistic is based on the adjusted MS for treatment.  



 

 

Model 
 

The mixed effect nested statistical model is:  

• Yijk = µ + Ti + αj + βk + eijk 

 

Where: 

• Yijk: observation in the ith treatment group T and jth row αj and kth column β 

• µ: a general mean 

• Ti: fixed effect of the ith treatment group 

• αj: random effect of the jth row 

• βk: random effect of the kth column  

• eijk: random residual error 

 

 
 

 
 

 

 

 

 

 

 

 

SAS Input 
 

Option 1s=80; 



Data Latin Square; 

input column row $ treat $ val; 

cards; 

1 I A 70.5 

1 II B 59.5 

1 III C 81 

1 IV D 72 

1 V E 86.5 

1 VI F 85.5 

2 I B 60 

2 II C 82 

2 III F 84 

2 IV A 71 

2 V D 74.5 

2 VI E 85 

3 I C 81 

3 II F 84 

3 III B 61 

3 IV E 82 

3 V A 71.5 

3 VI D 74 

4 I D 69 

4 II E 80.5 

4 III A 69 

4 IV B 61 

4 V F 86 

4 VI C 82.5 

5 I E 80.5 

5 II A 69 

5 III D 72 

5 IV F 87.5 

5 V C 82.5 

5 VI B 68 

6 I F 83 

6 II D 75 

6 III E 86 

6 IV C 84.5 

6 V B 67 

6 VI A 73 

; 

run; 

Proc GLM; 

Class row column treat; 

Model val = row column treat; 

Random row column / test; 

Lsmeans treat/stderr pdiff; 

Run; 

 

 

 

 

 



SAS Output: 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Analysis of Variation: 
 

The variance attributes for the model is shown in the ANOVA table (table 2) and the analysis of 

variance in table 3 below: 

Table 2: ANOVA Table 

Source SS Df MS EMS - A fixed β random 

Treatment (T)  SST a-1 MST σ2
e+aϴT 

Period (α) SSA a-1 MSA σ2
e+ aσ2

α 

Patient (β) SSB a-1 MSB σ2
e+aσ2

β  
Error SSE (a-1)(b-1) MSE σ2

e 

Total TSS a2-1   
 

Table 3: Shows the analysis of variance  

Source SS DF MS F Value Pr>F 

Treatment (T) 2337.14 5 467.43 197.27 <0.0001 

Period (α) 79.47 5 15.89 6.71 0.0008 

Patient (β) 39.31 5 7.86 3.32 0.024 

Error 47.39 20 2.37   

Total 2503.31 35    

 

The analysis of variance shows that T, α and β all have a significant impact upon the lysine 

digestibility coefficient measured. 

 

Hypotheses Test 
 

We can test for row and column effects, but our focus of interest in a Latin square design is on the 

treatments. The F statistic is based on the MSE as indicated below: 

F Test 

• F test Fixed A = MSA/MSE 

• F test random α = MSA/MSE 

• F test random β = MSAβ/MSE 

The hypothesis test of interest are to determine if there are treatment differences. The null 

hypothesis H0 and alternative hypothesis H1 are stated as follows: 

• H0: T1 = T2 (there are no differences among treatments) 

• H1: T1 ≠ T2 (for at least one pair a difference between treatments exists)  

For the T, α and β the probability of the F tests are all less than 5% as shown in table 3. 

For the treatment, row and column effects  H1: T1 ≠ T2 is accepted and H0 rejected as for at least one 

group there is a significant difference. 



 

 

Significance of F Test 
 

Since the F test for the treatment was significant an LSD test can be performed to see which 

treatments are significantly different from each other. The calculation of LSD is shown below and the 

allocation of treatment into groups in table 4. 

• LSD = T0.05,20 √ (2 MSE/6) 

• LSD =  2.086 √ (2x2.37/6) 

• LSD = 1.85 

Using the LSD of 1.85 as a significant difference between groups then the data can be grouped as 

shown in table 4 below, based upon differences between treatment lsmeans greater than the LSD 

calculated. 

Table 4. Shows LSmeans of groups (SE=0.628) used to identify organisation of data into groups, 

based on differences between Lsmeans greater than the LSD of 1.85. 

 

Interpretation  
 

The lysine digestibility coefficient (Dig) of 6 different heat processed skim milk powder was 

determined using 6 ileosteomy patients.  

The experimental design has demonstrated that treatments A,B,C,D form statistically significant 

different groups, while treatments E and F share one group that is different to the others. 

Table 5. Shows MSE of treatments that can be separated into 5 groups a-d based on differences in 

the MSE greater than the calculated LSD of 1.85. 

Treatment P value 

A B C D E F SE 
T  
treat 

α 
column 

β 
row 

70.67c 62.75b 82.25e 72.75d 83.42a 85a 0.63 <0.0001 0.0008 0.024 

 

treat val LSMEAN group 

A 70.67 c 

B 62.75 b 

C 82.25 e 

D 72.75 d 

E 83.42 a 

F 85.00 a 
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