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……………………………………………………………….
This lecture is the last biostatistics lecture, and we will finish the subject of selective parametric statistics, which is the ANOVA test.

ANOVA = Analysis Of Variance.
There are several types of ANOVA tests: 
- One Way ANOVA Test. 
- Two Ways ANOVA Test. 
- Three Ways ANOVA Test.

 But the only one we will be discussing is the: One Way ANOVA Test; 
which means using one dependent variable, with different independents.
 Mainly, the aim of using one way ANOVA test is to compare between different groups or different means on one dependent variable.

The example we will be using throughout the lecture is the testing of 3 drugs A,B,C . And the 4th drug “D “is a control drug, and we want to decide which one of these drugs is the most effective in controlling the heart rate of patients, meaning that the heart rate is the main dependent variable in this case, and it has been continuously measured; ya3ni it is a continuous variable, and because it’s a continuous variable, then we should use: Parametric statistics.

And because in this example we are studying several groups or several drugs, then we should use the ANOVA test, BUT if we were studying only one group for example, we will be using the t- test instead, where – as we mentioned yesterday-we have one experimental group and one control group. But today’s case is totally different, where we have more than one group/drug that we want to examine, and accordingly decide which is the most effective.



Yesterday when we talked about the t-test we had two drugs; drug A, which is the effective drug, and drug B which is a placebo “control”, but today’s case is different, we have 3 effective drugs: A,B, and C , and the fourth drug is the control , and we want to decide which is the most effective on the heart rate so as to prescribe it for patients later on .

In such research we want to utilize the one way ANOVA test, therefore the ANOVA (Analysis Of Variance) test is known as: The statistical procedure used to compare between group means, meaning that we have more than two means to utilize or describe.

In our example, we have one independent variable at two or more levels , bema3na ennu we have 1 independent variable but it is divided into different categories ; A,B,C , and D.

The data required for this test is identical to the data required for the t-test, where the variable must be: 
1- Continuous.
2- Normally distributed; there’s a normal distribution between the variables.
3- Homogeneity of variance not significant – will be explained later on -.

The useful thing about the ANOVA is that it gives us something known as post hoc comparison, which is the result of the ANOVA test to decide on the effectiveness of the groups. 

Another example, the research question: Do the three smoking groups differ significantly in reported life satisfaction? Be hay el 7ale where is the dependent and the independent variables?
The dependent variable (  which is the base from which you decide the type of statistical procedure you want to use; which is in this case: the life satisfaction or the quality of life, and because in this example the dependent variable has been measured using a certain scale; at RATIO level of measurement, then we can utilize the parametric statistics, Not non parametric.

And because we have 3 groups of smokers not 2 groups, then we can use the ANOVA test to examine this research question.

* TO SUM UP, we chose to utilize the parametric statistics because the dependent variable is measured at the ratio level, and why we chose the ANOVA among other parametric tests? Because we have more than two groups to compare, we have 3 groups.

Another example: Studying the effects of study load in terms of credit hours on students’ interaction with academic staff.
……………………………………………………………………………………………………………………………….
When we utilize any ANOVA test we end up with several outputs( boxes ) , the first and most important one is the: Levene test( box ) which is an indication for the Homogeneity of variances; which means that I cannot do an ANOVA test unless the mean between the different groups is the same ; ya3ni the variance between them is equal.
Going back to our first example about the drugs (A,B,C and D ) tested for the control of the heart rate of different groups of patients, the variance between the heart rates of these four groups must be the same, why ? Because if not, bod5ol 3aleena something we call: intervening variables عوامل داخلة. 
Covariate, confounding variables (other names for intervening variables).

Those intervening variables kill the effect of your intervention. For example, if there was a variation between one of these groups, it’s not because of the effect of the drug “intervention” on the heart rate but because of other factors: age of the patient, their background….etc.

So this test ( Levene test ) helps us to determine wither or not those groups are eligible to do an ANOVA test. 
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What we are asked to do is to read the P-value from the levene box, as we know, the P-value is significant if it is <= 0.05, in this example, it is 0.517, which is > 0.05, 
accept the Null Hypothesis, not significant result, so there is no variance between the groups, which is a good thing when using the ANOVA test, because as we said at the beginning of the lecture, shoroo6 este5dam el ANOVA test :
- Continuous dependent variable.
- Normally distributed.
- Homogeneity of variance is NOT significant.

*** For the ANOVA test to be eligible the P-value must NOT be significant (must be > 0.05), why? Because if it was significant (<=0.05) it means that there’s a variance due to intervening variables that will ruin my results later on.
……………………………………………………………………………………………………………………………...
And now the second output (box) of the ANOVA test allows us to decide wither there is a difference between the 3 groups and the control group or not. As we said before we are comparing three different drugs with control, and we want to decide eventually which drug is the most effective.
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Again, we look at the P-value (Sig. between groups): here it is 0.108 > 0.05, accept the null hypothesis, there is no variation between the effects of different drugs; Drug A gives the same results as drug B,C , and the control drug D.
 So there is no difference between these drugs, but if the result was significant ( <=0.05) ; There is a variation between those 3 drugs and the control, and then we are obliged to look for the difference between those 4 drugs to choose the most effective from the post hoc comparison table, but as for now for this case, since the P-value is 0.108 then it is not significant, and there is no variation between the effect of the drugs on heart rate, meaning that all three drugs give the same effect on the heart rate.

Exactly like what we talked about yesterday when we talked about the t-test: 
if I have 2 groups, A&B and the result was significant, and I want to know which group is better in biostatistics, I refer to the t-value, if it was + positive then there is significance la 9ale7 group A, and if it was – negative then there is significance also but this time la 9ale7 group B.


Another example -not from the slides- : in this research the researcher is discussing which characteristics influence the registered nurses’ knowledge, attitudes, and intentions towards the pressure ulcer prevention and treatment , 3adad el 3ayyene , N= 220 subject.
-The dependent variables are: Knowledge, scores, intentions scores, and attitudes scores.
- Independent variables that affect their knowledge, attitudes, and intentions: Gender.
 6alama el gender (independent) is of two groups: male/ female, and the scores are continuous dependent variables; we do a t-test: the result of this t-test was 0.021, according to this result, what do you think? Are the knowledge, attitudes, and intentions toward pressure ulcer prevention different in relation to registered nurse gender? YES, because the result is <0.05, then there’s a significant difference according to gender, but towards whom? Males or females? Ya3ni who has the best knowledge, attitude and intention towards the pressure ulcer prevention? The males, how did you know? Because the end result of the t- test is positive. 

Just for clarification, because we don’t have the table from which the Dr. explained: 
Bekoon jadwal zay had feyyo column male w column female, we take the mean difference between them then compare it with the significance as follows:

	Group A
Males
	Group B
Females

	Na=15
Ma=23.831
SSa=119.73
	Nb=15
Mb=23.810
SSb=175.73

	Ma(males)—Mb(females)=0.021


We take the mean difference between the two groups: 23.831-23.810=0.021 which is < 0.05
reject the null hypothesis, the result is significant; so there’s a relation between the gender and the attitude towards pressure ulcer prevention, but towards whom? Males, why? Because according to their sequence: male-females= +ve, then males are responsible for this significance.

Another factor that affects the attitude towards the pressure ulcer prevention is: Years of experience, we classified them into categories according to the number of years of experience: 
<2 years
2-4 years
5-10 years
11-15 years
16-20 years
And we compared them, but this time using the ANOVA test, because we have more than one group with one dependent continuous variable (knowledge, attitudes and intentions). The P-value was 0.006 which is < 0.05; reject the null hypothesis, so the value is significant, there’s a relation between the number of years of experience and the attitude towards the pressure ulcer prevention. 
But which of these categories is responsible for this significance? To answer this question, we refer to what we called: Post Hoc Comparison.
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Consider that the numbers in the first column are the years of experience: 
9-12
13-15
16-18
19 and more

You look for the sig. value in the post hoc table, as you can notice, none of the values in the first row are significant because all of them are > 0.05.
But let’s say for example that the first sig. value was 0.001 instead of 0.855, in this case it is significant because it is < 0.05, but which group is responsible for this significance? The first group (I) or the second group (J)? 



The mean difference = I – J ( if the result was –ve, then the second group: J is responsible for this significance.
But if the mean difference was +ve, then the responsible group is the first group : I.

So far we have studied two factors that might affect the attitude towards the pressure ulcer prevention ( Gender, and years of experience ), now let’s study another factor that might have an effect as well, which is : The source of knowledge, which might be a university degree, a conference, social training …etc.
We did an ANOVA test and the P-value was 0.009, the question is: is the source of knowledge about pressure ulcer prevention affecting the nurses’ knowledge, intention and attitudes? Yes, because the p-value is <0.05, so we reject the null hypothesis, so there’s a difference between the groups, which one of these groups is responsible for this significance? We do a post hoc comparison again to determine which group is the responsible one.

** NOTE ( Sometimes two groups might be significant, how will you decide which one of the two groups is more significant? The lesser, ya3ni be ma3na if two drugs of the three drugs that we tried on the patients: Drugs A & C for example were effective when dealing with the heart rate, which one to choose? A or C? The one with the lesser significance, ya3ni eza kanat el significance la drug A=0.002 and for drug C is < 0.002, then we choose drug C to prescribe for the patients, because it is the most significant. 

Going back to the t-test, between the experimental and control groups, is there a significance between the two groups? Yes, how could you tell? We look at the post test results between the experimental and control groups using the t-test, in this example the result was 0.001, which is <0.005, then there is a statistical significant difference between the two groups, bs la 9ale7 meen? Bnerja3 lal t-value, if +ve in the case of (experimental mean – control mean) then the significance is la 9ale7 el experimental group; the mean of the experimental group is better.

And because the experimental group is the group that we applied the intervention on ( **The significance la 9ale7 el experimental group indicates the effectiveness of this drug or intervention.

……………………………………………………………………………………………………………………………...
Best Of Luck (
Dara L. Basyouni.
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