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Part I – Mixed Nested Design 
 

Information: 
 

An experiment was conducted to determine if the fetal weight was different between two lines of 

mice selected for IGF-1. At day 19 of gestation 4 females per lines were killed, and 4 pups per litter 

selected at random were weighed. The following data was obtained. 

The objective of this experiment is to determine the impact of high of low IGF-1 treatments on fetal 

weight gain. The experiment was performed on four blocks of randomly selected mouse mothers 

and for each mouse four of their fetal offspring were weighed to assess the impact of the treatments 

This is an example of a mixed nested experimental design, with each sample female nested within a 
particular genetic line high IGF or low IGF. The IGF line is fixed as only a set number of variations 
occur that are represented in the design. The female is random as other females within that line 
could have been selected for the experiment. This organisation of data and resulting fetal weight is 
indicated in table 1 below. 
 

Table 1. Experimental data 

 

 

Background: 
 
In some experiments samples must be chosen in two or more steps. Many studies are affected by 
random-noise sources that naturally fall into a hierarchy, such as the biological variation among 
animals, tissues and cells, or technical variation such as measurement error. With a nested 
approach, the variation introduced at each hierarchy layer is assessed relative to the layer below it.  
 
A factor is nested within another factor when each category of the first factor co-occurs with only 
one category of the other. In other words, an observation has to be within one category of Factor 2 
in order to have a specific category of Factor 1. All combinations of categories are not represented. 
Because each subject was assigned to only one training group, subject and group are not crossed. 
Rather, subject is nested within training group. 
 

Fetal weight (g) 

High IGF-1 line Low IGF-1 Line 

Female 24 22 19 10 57 61 52 53 

  1.29 1.15 1.27 1.12 1.10 1.01 0.99 0.92 

  1.13 1.28 1.23 1.19 1.05 0.89 1.03 0.90 

  1.06 1.05 1.29 1.04 0.97 1.05 0.99 0.97 

  1.26 1.10 1.31 0.98 0.92 1.11 1.05 0.99 



Nested model (Mixed Effect) 
 

Yijk = µ + Ai + βj (Ai)+ eijk 

Where: 

• Yijk: kth observation in the ith treatment group A and jth treatment group β 

• µ: the general mean 

• Ai: fixed effect of the ith treatment group 

• βj: random effect of the jth treatment group 

• eijk: random residual error 

Due to one random effect β nested within the fixed effect A the calculation for β and the error (e) 

will be the variation of A within β. 

In this experiment the females are a random variable (β), nested within the IGF line that is the fixed 

variable (A). 

 

ANOVA Table: 
 

Table 2. ANOVA Table 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source SS Df MS EMS - A fixed β random 

A SSA a-1 MSA σ2e+ nσ2
β + nbϴA 

B(A) SSB(A) a(b-1) MSB(A) σ2e+nσ2β  

Error SSE ab(n-1) MSE σ2e 

Total TSS abn-1   



 

SAS Input: 
 

Option 1s=80; 

Data nested; 

input A $ B y; 

cards; 

H 24 1.29 

H 24 1.13 

H 24 1.06 

H 24 1.26 

H 22 1.15 

H 22 1.28 

H 22 1.05 

H 22 1.1 

H 19 1.27 

H 19 1.23 

H 19 1.29 

H 19 1.31 

H 10 1.12 

H 10 1.19 

H 10 1.04 

H 10 0.98 

L 57 1.1 

L 57 1.05 

L 57 0.97 

L 57 0.92 

L 61 1.01 

L 61 0.89 

L 61 1.05 

L 61 1.11 

L 52 0.99 

L 52 1.03 

L 52 0.99 

L 52 1.05 

L 53 0.92 

L 53 0.9 

L 53 0.97 

L 53 0.99 

; 

Title Nested random/mixed effects; 

Proc GLM; 

Class A B; 

Model y = A B(A)/e1; 

Random B(A); 

Test h=A e=B(A)/htype=1 etype=1; 

Lsmeans A/stderr e=B(A) pdiff; 

Lsmeans B(A)/stderr; 

run; 

 

 

 

 

 



SAS Output - Variation 
 

The distinct difference between the two A treatment groups is indicated in the table below, with the 

high level of significance (<0.0001). The difference between the nested B is borderline significance 

(0.05) that warrants closer investigation into the difference between sample groups.  

Table 3. Shows analysis of variance for experiment 

Source DF Sum of Squares Mean Square F Value Pr > F 

A 1 0.25 0.25 40.38 <.0001 

B(A) 6 0.09 0.02 2.51 0.05 

Error 24 0.15 0.01     

Corrected Total 31 0.49     

 

The variation in the data shown in figure 1 below, indicates a distinct treatment effect between the 

two lines (high IGF and low IGF). Within each treatment the nested randomly selected females show 

a wide overlap with no distinct differences – except for female 19 in line H which shows a 

distinctively different mean and tighter range. 

 

Figure 1: Shows variance between treatments high IGF-1 (H) and low IGF-1 (L) and variation of pup 

fetal weight within nested randomly sampled females of each line. 

 



 

Interpretation 
 

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) 

 

Using 0.05 as a cut-off, there is a highly significant difference between treatments groups A 

(<0.0001), while for B the difference between samples means is 0.05 and is therefore not large 

enough to be greater than would be expected by variation within a population. 

 

Since the F test for B was marginally significant the least significant difference can be used to 

determine which groups are different from each other. 

• LSD = t(0.05,24) √ (2 MSE / n) 

• LSD = 2.064 √ (2x0.006/4) 

• LSD = 0.11 

For the low IGF line the variation between female groups does not exceed the LSD. Therefore, all 

females within this treatment form one group (c) that is different from the females in the high IGF 

treatment. 

 

For the high IGF line there is only a significant difference between MSE for female 19. The 

designation of females into significantly different groups (a and b) is indicated by the superscript in 

table 4 below. 

 

Table 4. Shows MSE of groups receiving different diets high in C18:3 (P) and low in C18:3 (S). The 

following C18:3 values were measured for each pig. (high IGF = 1, low IGF = 2) and the block group of 

random females selected (female 1-4). Superscripts indicate significantly different groups. SE for all 

groups = 0.04 (LSD = 0.12). Superscript indicates significantly different groups. 

 
 

 

 

 

 

 

 

 

 

High IGF-1 line Low IGF-1 Line 

Female 24 22 19 10 57 61 52 53 

 MSE 1.19a 1.15a 1.28b 1.08a 1.01c 1.02c 1.02c 0.95c 



 

 

Part II - fixed factorial design 
 

Introduction: 
 

An experiment was conducted to increase the linolenic acid (C18:3) content of pork. 6 pigs, 3 

females (f) and 3 males (m) were fed a diet high in C18:3 (P) and 6 pigs, 3 females (f) and 3 males (m) 

were fed a diet low in C18:3 (S). The following C18:3 values were measured for each pig. 

This is an example of a fixed factorial design, where both males and females were fed both diets 

resulting in all four combinations diet x female, as indicated in table 1 below. 

Table 1. Shows organisation of data and resulting measurement of C18:3 values measured. 

Diet Sex C18:3 

P f 32 

P f 34 

P f 32 

P m 34 

P m 35 

P m 36 

S f 26 

S f 26 

S f 30 

S m 27 

S m 25 

S m 27 

 

 

Background: 
 

When two or more sets of treatments are analysed at the same time. The effect of a factor alone is 

called main effect. When different factors work together it is called an interaction. 

A factorial experiment has two or more sets of treatments that are analysed at the same time. 

• All combinations of factor levels are tested. 

• The effect of a factor alone is called the main effect. 

• The effect of the different factors acting together is called the interaction. 

• The experimental design is completely randomised. 

• Combination of factors are randomly applied to experimental units. 

• The main characteristic of a factorial experiment is the possibility to analyse interactions 

between factor levels 



 

Model: 
 

The fixed factorial model is:  

Yijk = µ + Ai + Bj + Ai x Bj + eijk 

Where: 

• Yijk: kth observation in the ith treatment group A (α) and jth treatment group B (β) 

• µ: the general mean 

• Ai: fixed effect of the ith treatment group 

• Bj: fixed effect of the jth treatment group 

• Ai x Bj: mixed interaction  

• eijk: random residual error 

The ANOVA table for this model is shown below. 

Table 2. ANOVA table for fixed factorial model. 

Source SS Df MS EMS - fixed  
A SSA a-1 MSA σ2e + nbϴA 

B SSB b-1 MSB σ2e + naϴB 

AB SSAB (a-1)(b-1) MSAB σ2e + naϴAB 

Error SSE ab(n-1) MSE σ2e 
Total TSS abn-1   

 

SAS input: 
option 1s=80; 

Data; 

input A $ B $ y; 

cards; 

P M 34 

P M 35 

P M 36 

P F 32 

P F 34 

P F 32 

S M 27 

S M 25 

S M 27 

S F 26 

S F 26 

S F 30 

; 

run; 

Title 'factorial design fixed effects'; 

Proc GLM; 

Class A B; 

model y = A B A*B; 

Test h=B e=A*B/htype=1 etype=1; 

Lsmeans A B A*B/stderr pdiff; 

run; 



 

Analysis of variance 
 

The distinct difference between the two A treatment groups is indicated in table 3 below, with the 

high level of significance (<0.0001). The effect of sexes (B) on C18:3 measured is also just significant 

(0.46) that warrants closer investigation into the difference between sample groups.  

Table 3. Shows analysis of variance for experiment 

Source DF Type I SS Mean Square F Value Pr > F 

A 1 147.00 147.00 65.33 <.0001 

B 1 1.33 1.33 0.59 0.4635 

A*B 1 8.33 8.33 3.70 0.0905 

Error 8 18.00 2.25     

Corrected Total 11 174.67      

 

 

Interpretation 
 

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) 

 

Using 0.05 as a cut-off, there is a highly significant difference between treatments groups A 

(<0.0001). The supports H1 that there is a significant difference between treatment groups. 

 

For B group there is not a significant difference (0.46), supporting H0 hypothesis. 

 

This is also the case for the interaction A*B, supporting H0 that there is no significant difference. 

 

 

Difference between groups 

 

The LSD test indicates difference between combination of AB 

 

LSD  = T0.05,8 √ (2x2.25/3)  

 = 2.306 √ 1.5 

= 2.306 x 1.224 

LSD  = 2.82 

 



The LSD is compared between LSmeans of different treatment groups below. When the difference 

between group LSmeans is greater than the LSD this is used to assign them to significantly different 

treatment groups (a and b). 

Table 4. Shows Lsmeans of treatment groups (A) receiving different diets (high = P, low  = S) and B 

group of sex (M=male, F=female).  

Difference between groups: 

A B LSmeans Treatment group 

1 1 32.7 a 

12 2 35.0 a 

2 1 27.3 b 
2 2 26.3 b 

 

The same differentiation of treatments into significantly different groups (a and b) is also indicated 

by superscript sin table 5 below. 

Table 5. Shows MSE, standard error and significant probability (P) of groups receiving different diets 

(high IGF = 1, low IGF = 2) and for those grouped by sex (M = male, F = female). Superscript indicates 

significantly different groups. 

 

This experiment indicates that there is a significant difference between diet high in C18:3 (treatment 

P) and diets low in C18:3 (treatment S) on increasing the level of linolenic acid (C18:3) content of 

pork. The effect is a positive impact of diet high C18:3 in increasing C18:3 of pork (P=33.8 vs S=26.8 

(SE=0.61)). 

 

In contrast the sex of the pigs does not have a significant impact on measurement of linolenic acid 

(C18:3) content of pork.  

 

A B AxB P values 

P S SE F M SE A1xB1 A1xB2 A2xB1 A2xB2 SE A B AxB 
33.8 26.8 0.61 30 30.6 0.61 32.7a 35a 27.3b 26.6b 0.87 <0.0001 0.46 0.09 
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