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1 Introduction
ANOVA provides a statistical test of whether or not the means of several groups are all equal, in which the observed variance is partitioned into components due to different sources of variation.
I got the data for one-way and two-way ANOVA in the web site of University of Leicester. 
The data are divided into three hormone groups and two gender groups. Use these data I’ll do the ANOVA, calculate the F value and identify whether there are significant differences between data in different groups.  

2 Data

The data are collected from the web site of University of Leicester.
Several manufacturers claim that their growth hormone is best at increasing productivity in livestock. By treating three groups of animals separately with hormone 1, hormone 2 and saline solution (control), we can assess whether there are differences in the resultant growth. The "factor" concerned here is hormone and therefore a one-way ANOVA can be used to analyze data.
Besides, hormones may affect male animals to a greater or lesser extent than females. By selecting samples of females and samples of males for each treatment, gender then becomes "factor 2". Comparisons could then be made between the different hormones and between the different genders used two-way ANOVA. Additionally, ANOVA will test for an interaction between the two i.e. if the hormone had a positive effect but no interaction then the growth would be the same for males and females.

Data divided into 3 hormone groups are listed in the following Table 1. I’ll use the data to do one-way ANOVA.
Table 1:

	Hormone1
	Hormone2
	Hormone3

	16.5
	39.1
	22.3

	18.4
	26.2
	19.8

	12.7
	21.3
	25.1

	14
	35.8
	28

	12.8
	40.2
	23.7

	14.5
	32
	18.5

	11
	23.8
	22.1

	10.8
	28.8
	19.7

	14.3
	25
	16.9

	10
	29.3
	19.5


Data divided by 3 hormones and 2 genders are listed in the following Table 2. I’ll use this data to do two-way ANOVA.

Table 2:

	Gender
	Hormone1
	Hormone2
	Hormone3

	female
	16.5
	39.1
	22.3

	female
	18.4
	26.2
	19.8

	female
	12.7
	21.3
	25.1

	female
	14
	35.8
	28

	female
	12.8
	40.2
	23.7

	male 
	14.5
	32
	18.5

	male 
	11
	23.8
	22.1

	male 
	10.8
	28.8
	19.7

	male 
	14.3
	25
	16.9

	male 
	10
	29.3
	19.5


3 One-way ANOVA

The one-way analysis of variance allows us to compare several groups of observations, all of which are independent but possibly with a different mean for each group. A test of great importance is whether or not all the means are equal.
The null hypothesis is: 
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The factor hormone is simply described as H. Then I calculate the F value for testing the null hypothesis using the following formulas.
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Results are summarized in the following table:

	Source 
	SS
	df
	MS
	F
	P-value

	H
	1386.581
	2
	693.2903
	34.48005
	3.67E-08

	Residuals
	542.889
	27
	20.107
	
	

	Total
	1929.47
	29
	　
	　
	　


From the results we can find that the p-value is far less than 5%, which means a significant different mean for each group. 
4 Two-way ANOVA

Two-way analysis of variance is a way of studying the effects of two factors separately (their main effects) and together (their interaction effect).
The main effect involves the independent variables one at a time. The interaction is ignored for this part. Just the rows or just the columns are used, not mixed. This is the part which is similar to the one-way analysis of variance. 
The interaction effect is the effect that one factor has on the other factor. 
The within variation is the sum of squares within each treatment group. All treatment groups must have the same sample size for a two-way ANOVA for each treatment group. The within group is also called the error or residuals. 
The null hypothesis is: 
a) There is no difference in the means of factor gender.

b) There is no difference in means of factor hormone.

c) There is no interaction between factors gender and hormone.

The factor hormone is simply described as H and gender is described as G. The interaction between them is described as G×H. Then I calculate the F value for testing the null hypothesis using the following formulas.
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All results are summarized in the following table:
	Source
	SS
	df
	MS
	F
	P-value

	G
	118.803
	1
	118.803
	6.814834
	0.015335

	H
	1386.581
	2
	693.2903
	39.76885
	2.41E-08

	G×H
	5.694
	2
	2.847
	0.163311
	0.850263

	Residuals
	418.392
	24
	17.433
	
	

	Total
	1929.47
	29
	　
	　
	　


From the above results, we can see that the main effects are both significant, but the interaction between them isn't. The gender doesn’t interact with hormone.
5 Conclusions

After analyzing, I get the following conclusions.
1. Hormones have significant effect on animals’ growth.
2. For different genders the growth are different.
3. There is no interaction between gender and hormone, which means the effect of hormones on growth are the same for males and females.
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