
Project 10 – Repeat Measure Analysis 
 

 

Information 
 

To avoid any deficiency, piglets are usually injected with iron soon after birth. The efficiency of two 

different products (FER1 and FER2) was tested. 5 piglets were used per product. The blood Fe level 

of each piglet was measured at the time of the injection (D0), and after one day (D1), after two days 

(D2) and after three days (D3). The following data was obtained. 

Table 1: Shows the data collected within the repeat measure analysis experimental design testing 

the effect of two different products (FER1 and FER2) on blood Fe levels of 5 piglets/treatment.  

  Time 

Product Piglets D0 D1 D2 D3 

FER1 1 10 55 80 120 
FER1 2 11 45 85 135 

FER1 3 11 50 80 125 

FER1 4 11 75 90 140 

FER1 5 10 65 95 150 

FER2 6 10 30 55 80 

FER2 7 11 30 50 75 

FER2 8 11 40 65 85 
FER2 9 11 45 70 90 

FER2 10 10 55 75 95 

 

 

Background 
 

A repeated-measures design is one in which multiple, or repeated, measurements are made on each 

experimental unit. Repeated measurements on the same experimental unit can also be taken at a 

point in time. The dependency, or correlation, among responses measured in the same individual is 

the defining feature of a repeated-measures design. This correlation necessitates a statistical 

analysis that appropriately accounts for the dependency among measurements within the same 

experimental unit, which results in a more precise and powerful statistical analysis. 

In a repeated-measures design, multiple measurements are taken on each experimental unit. 

Repeated-measures analysis encompasses a spectrum of applications, which in the simplest case is a 

generalization of the paired t test. A repeated-measures within-subjects design can be thought of as 

an extension of the paired t test that involves ≥3 assessments in the same experimental unit. The 

repeated-measures design involves a smaller number of animals, which is both efficient and ethically 

appealing. 

 



The 10 piglets are measured under each of 4 different experimental conditions, a total of 40 

measurements will be available for analysis. The 40 measurements, however, are not independent 

but are related within the subjects. Because the measurements might be affected by within-subject 

characteristics (eg, age or genetic factors), statistical tests that properly account for within-subject 

correlation are needed. If we assume that measurements taken in the same individual are 

correlated, the test for a difference in treatments will involve a smaller residual or error variance 

than that based on a completely randomized design, thereby increasing precision in the analysis. 

The randomized block design is often used with siblings or littermates. The family unit is the block, 

and assessments are repeated on each member of the family. The assessments within a family or 

litter are related. Accounting for the dependencies within the block results in a more precise test of 

treatment differences. 

Repeated-measures analysis can be used to assess changes over time in an outcome measured 

serially or to test for differences in 1 or more treatments based on repeated assessments in the 

same subjects. The simplest application has 1 within-subjects factor (eg, each of n subjects are 

measured under k distinct experimental treatments), and the goal of the analysis is to test for a 

difference in experimental treatments. This is achieved by constructing a test statistic as the ratio of 

the variance due to the treatments to the residual or error variance. In repeated-measures analysis, 

the total variance can be partitioned into variance between subjects and variance within subjects. 

Variance between subjects reflects individual subject differences. Variance within subjects consists 

of 2 components, differences between treatments and error or residual variation. The test statistic 

for testing the null hypothesis of equality of means is the ratio of the variation due to treatments to 

the residual variation, after between-subject variation has been removed. 

 

Model 
 

The statistical models are:  

• Mixed: Yijkl = µ + Ai + βj (Ai) + Ck + Ai  x Ck + eijk 

 

Where: 

• Yijk: observation in the ith treatment group A, jth subject group β at kth time. 

• µ: a general mean 

• Ai: fixed effect of the ith treatment group 

• βj: random effect of the jth subject group nested in the A treatment  

• Ck: fixed effect of the kth time group 

• Ai x Ck: interaction 

• eijk: random residual error 

 

 

 

 



 

SAS data 
 

option 1s=80; 

data repeated; 

input subject treat $ time $ value; 

cards; 

1 FER1 D0 10 

2 FER1 D0 11 

3 FER1 D0 11 

4 FER1 D0 11 

5 FER1 D0 10 

6 FER2 D0 10 

7 FER2 D0 11 

8 FER2 D0 11 

9 FER2 D0 11 

10 FER2 D0 10 

1 FER1 D1 55 

2 FER1 D1 45 

3 FER1 D1 50 

4 FER1 D1 75 

5 FER1 D1 65 

6 FER2 D1 30 

7 FER2 D1 30 

8 FER2 D1 40 

9 FER2 D1 45 

10 FER2 D1 55 

1 FER1 D2 80 

2 FER1 D2 85 

3 FER1 D2 80 

4 FER1 D2 90 

5 FER1 D2 95 

6 FER2 D2 55 

7 FER2 D2 50 

8 FER2 D2 65 

9 FER2 D2 70 

10 FER2 D2 75 

1 FER1 D3 120 

2 FER1 D3 135 

3 FER1 D3 125 

4 FER1 D3 140 

5 FER1 D3 150 

6 FER2 D3 80 

7 FER2 D3 75 

8 FER2 D3 85 

9 FER2 D3 90 

10 FER2 D3 95 

; 

/*Method B*/ 

proc mixed; 

title 'Method B'; 

class treat subject time; 

model value = treat time treat*time; 

random subject(treat); 

lsmeans treat time treat*time / pdiff; 

run; 

 

 



 

SAS Output (using method B) 
 

 

 

 

 

 

 

 



 

Variation 
 

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

variance in table 3 below. The analysis of variance shows a significant effect (< 0.05) for treatment, 

subjected nested in treatment, time and the treatment*time interaction. 

Table 1: ANOVA Table 

Source SS Df MS EMS 

A (treatment) SSA a-1 MSA σ2
e+bσ2β+nbϴA 

β (subject nested in treatment) SSB(A) a(n-1) MSB(A) σ2
e+ bσ2β  

C (time) SSC b-1 MSC σ2
e+ anϴC  

AC (treatment*time interaction) SSAC (a-1)(b-1) MSAC σ2
e+ nϴAC  

Error SSE A(b-1)(n-1) MSE σ2e 

Total TSS abn-1   
 

 

NOT sure where you got the  F value for A   

Table 2: Shows the analysis of variance  

Source SS Df Mean Square F Value Pr > F 

A - treat 5062.5 1 5062.50 135.26 <.0001 

β - subject(treat) 1554.1 8 194.26 5.19 0.0008 
C - time 52186.2 3 17395.40 464.76 <.0001 

AC - treat*time 3072.5 3 1024.17 27.36 <.0001 

Error 898.3 24 37.43   

Corrected total 62773.6 39    

 

F test for A = 5062.5/194.26 = 26.06 

Here is the relevant part in your sas output 

 

 

 

 

 

 



 

 

Hypotheses Test 
 

We can test for treatment, subject, time and treatment*time interaction within a repeat measure 

analysis model – but the main focus is on the effect of treatment. 

F Test 

• F test Fixed A = MSA/MSB(A) 

• F test Random β = MSB(A)/MSE 

• F test Fixed C = MSC/MSE 

• F test Fixed AC = MSAC/MSE 

The test statistic for testing the null hypothesis of equality of means is the ratio of the variation due 

to treatments to the residual variation, after between-subject variation has been removed. 

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)  

The F statistic analysis from SAS shows a significant effect from subject (A = <0.0001). With this 

analysis H1: T1 ≠ T2 is accepted and H0 rejected as for at least one group there is a significant 

difference between treatments. 

 

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 = T0.05,24 √ (2 MSE/5) 

• LSD =  2.064 √ (2x37.43/5) 

• LSD = 7.99 

Using the LSD of 7.99 as a significant difference between groups then the data can be grouped as 

shown in table 3 below, based upon differences between treatment lsmeans greater than the LSD 

calculated. 

 

 

 

 

 



 

Table 3: Shows differences between treatment groups (SE=3.91, DF=24) greater than the calculated 

LSD (7.99). 

 

Using the LSD test there is a significant difference within each treatment*time period. The summary 

of this analysis is shown in table 4 below. 

Table 4. 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*time P value 

Treat D0 D1 D2 D3 SE A β C AC 

FER1 
10.6a 58.0b 86.0c 134.0d 3.91 

<0.0001 
0.0009 
 

0.0008 <.0001 <.0001 

FER2 70.67a 62.75e 82.25f 72.75g 0.63 

 

 

 

Interpretation. 
 

A repeated measure analysis design was performed to assess the efficiency of two different products 

(FER1 and FER2) on iron blood levels of 5 piglets/treatment. The 10 piglets are measured under each 

of 4 different experimental conditions, resulting in 40 measurements for analysis. 

Effect treat time Estimate Group t Value Pr > |t| 

treat*time FER1 D0 10.6 a 2.71 0.0123 

treat*time FER1 D1 58.0 b 14.81 <.0001 

treat*time FER1 D2 86.0 c 21.97 <.0001 

treat*time FER1 D3 134.0 d 34.23 <.0001 

treat*time FER2 D0 10.6 a 2.71 0.0123 

treat*time FER2 D1 40.0 e 10.22 <.0001 

treat*time FER2 D2 63.0 f 16.09 <.0001 

treat*time FER2 D3 85.0 g 21.71 <.0001 



The blood Fe level of each piglet was measured at the time of the injection (D0), and after one day 

(D1), after two days (D2) and after three days (D3).  

The analysis of variance shows a significant effect (< 0.05) for treatment, subjected nested in 

treatment, time and the treatment*time interaction. 

Since the F test for the treatment was significant an LSD test was performed to determine 

differences between the treatment*time groups, as this is the variable of most interest to 

investigate. 

Using the LSD of 7.99 as a significant difference, each treatment*time group was significantly 

different form each other (as shown in table 3), except for D0 where both treatment groups started 

from similar iron blood levels. 

The difference between these groups is further demonstrated within the line graph in figure 1. This 

graph demonstrates how the two treatment groups deviated from each other from D0 onwards – 

with the FER2 treatment consistently resulting in a higher blood Fe level. Further, the graph 

demonstrates that the difference between treatments increases over time (0 difference on D0 to a 

difference of 49 LSM on day 3). 

 

 

Figure 1. Shows LSM estimates for two treatments (FER1 and FER2) within the repeat analysis 

experimental design where subject piglets blood iron level is measured on days 0-3. 
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