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One-way ANOVA 

An ANOVA is much like running multiple t-tests, but it controls for the overlap of the different groups of the IV. If you were 

to just run multiple t-tests on all group means leads to an unacceptable increase in the Type I error rate (false positive). In 

order to run a one-way ANOVA, there are six assumptions that need to be considered. The first three assumptions relate to your 

choice of study design and the measurements you chose to make, whilst the second three assumptions relate to how your data 

fits the one-way ANOVA model. These assumptions are: 

o Assumption #1: One dependent variable that is measured at the continuous level.  

o Assumption #2: One independent variable that consists of two or more categorical, independent groups. Typically, a one-

way ANOVA is used when you have three or more categorical, independent groups, but it can be used for just two groups 

(although an independent-samples t-test is more commonly used for two groups).  

o Assumption #3: You should have independence of observations, which means that there is no relationship between the 

observations in each group of the independent variable or between the groups themselves. Indeed, an important 

distinction is made in statistics when comparing values from either different individuals or from the same individuals. 

Independent groups (in a one-way ANOVA) are groups where there is no relationship between the participants in any of the 

groups. Most often, this occurs simply by having different participants in each group. 

§ Assumptions 1, 2 & 3 are met by design 

o Assumption #4: Independence of Observations: There’s NO relationship between observations within OR between groups 

(levels)  

o Assumption #5: Normality: Testing if the DV is normally distributed for each group/level of the IV. 

Tested using Shapiro-Wilk & Descriptive Statistics.  

Shapiro-Wilk Syntax: “bysort IV: swilk DV” 

 

Output: 

- Check the probability for each group  

- H0: The distribution is normal 

- If p > .05 then you fail to reject the null hypothesis. Meaning that the 

distribution IS normal and the assumption has NOT been violated.  

- Want Shapiro-Wilk to be non-significant 

 

 

 

 

Descriptive Statistics Syntax: “summarize IV DV, detail” 

- Central Tendency: Mean and median are relatively close 

- Variability: want SD’s of a considerable size -> good amount of  

variance in the data 

- Skewness: want skew as close to 0 as possible (symmetrical) 
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- Kurtosis: want kurtosis = approximately 3 

- Modality: want a single distribution of data  

(checked using histogram)  

  

Histogram Syntax: “histogram variablename, freq” 

- Want the data to only have one mode 

(peak/distribution) 

- To be multimodal there needs to be multiple FULL 

distributions 

Assumption #6: Homogeneity of Variance (homoscedasticity): Equal variances for each level of the IV 

Tested using Levene’s test for homogeneity of variances 

Levene’s Test Syntax: “robvar DV, by(IV)” 

- H0: There is equal variance across groups 

- Want the p value to be non-significant so you fail to reject 

the null hypothesis. (want p >.05) 

- If you can fail to reject H0 then your variances are equal and 

you haven't violated the assumption of homogeneity of 

variance.  

- Only interested in W0 

 

 
 

 
Once all the assumptions have been tested and none of them have been violated then you can continue on to complete the 
ANOVA.  

Null and alternative hypotheses 
It is important to remember that when you run a one-way ANOVA, you are trying to determine whether the group means 

are different in the population. Consider the graph below, 
which is a plot of the data from the example you will be using 

in this guide: 
This graph of the data reflects this particular sample of 
participant in the study. Variance in scores could be due to (a) 
due to sampling variation OR (b) reflects actual group 
differences in the population. SO, we run a one-way ANOVA to 
determine whether the mean CWWS score in the physical 
activity groups is different in the population.  
Assume the null hypothesis (there are no differences 
in population means between the groups/the 
group population means are equal) This is described more 
formally as follows: 
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H0: all group population means are equal (i.e., µ1 = µ2 = µ3 = ... = µk) 

Therefore, for our physical activity example, we could write: 
H0: all physical activity group population means are equal (i.e., µsedentary = µlow = µmoderate = µhigh) 

Trying to find evidence against this null hypothesis and accept the alternative hypothesis, (there are differences between 

the group population means/not all the group population means are equal).  

HA: at least one group population mean is different (i.e., they are not all equal) 

Steps for ANOVA Hypothesis Testing 
1. State the null and alternative hypotheses  

(words and notation)  
2. Set the criteria for decision (critical alpha)  
o Typically, 0.05 (stata will give p value output)  
o If hand calculating, get critical F value from F table and compare it to the obtained F statistic.  

If the Fobtained is > Fcritical à reject H0 … If the Fobtained is < Fcritical à fail to reject H0 
o The F distribution will vary as a function of sample size and the number of levels in the data. 
o Trying to find an F that's within the pink region (rejection region)  
o If this probability value (p-value) is less than .05 (i.e., p < .05), there is a less than 5 in 100 (5%) chance of 

the F ratio being as large as calculated, given that the null hypothesis is true. (There’s an actual difference 
between the group means in the population). When this occurs, (p = < .05) the result is called statistically 
significant. 

 

 

 

 

 

 
 

3. Compute the test statistics (F)  
Total = Model (between/predictor) + Error (within)  
ANOVA Syntax: “oneway DV IV, tabulate” 

Source SS df MS F 

Model 𝑆𝑆" = ∑𝑋& −	
𝐺&

𝑁  k -1 𝑀𝑆" =	
𝑆𝑆"
𝑑𝑓"

 𝐹 =	
𝑀𝑆"
𝑀𝑆/

 

Error 𝑆𝑆/ = 𝑆𝑆0 − 𝑆𝑆" ∑(n-1) OR N-k 𝑀𝑆/ = 	
𝑆𝑆/
𝑑𝑓/

  

Total 𝑆𝑆0 = ∑
𝑇&

𝑛 −	
𝐺&

𝑁  N-1   

Calculate:  
Degrees of Freedom 

o Model: Number of levels of the IV -1 
o Error: Total number of observations – number of levels of IV 

Notation:  
k = number of treatment groups/levels/conditions 
n = number of observations in a given group 
N = (k times n): total number of observations across all 
groups 
T = (∑X in a group) sum of all scores in a given group 
G = (∑T across all groups) Grand total of all scores in the study 
µ = group mean 
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o Total: Total number of observations – 1 

Model df + Error df = Total df 
 
 
Sum of Squares 

o Model (SS for the variability of the DV that CAN be explained by the IV)  
• T for group 1, square it ÷ little n for group 1; T(sum of x) for group 2, square it ÷ little n for group 2, etc.  
• Subtract the above, G squared ÷ N 

o Error (SS of the variability in the DV that can’t be explained by the IV) 
• Total Sum of squares minus the model sum of squares 

o Total (difference in the observations from what the model predicts) 
• ∑ of X squared - take every individual score of the 30 scores and square them then add them together 
• G: add up every score in the data set -> THEN square them and divide that number by N (number of observations)  

Example:  

  
  
 

Mean Square 
o Model: sum of squares for the model ÷ df for the model 
o Error: SS for the error ÷ df for the error 

Example:  
 
 
 
 
 
 
 
 
F Statistic  

o Fobtained = MSmodel ÷ MSerror 
Looks at the average differences ACROSS groups (MSmodel) ÷ average differences BETWEEN groups (MSerror) 
 
4. Make a Decision 
o Is the obtained(calculated) F value larger than the critical value (from F table) OR is it p<.05?  
o If yes -> reject the null hypothesis (there IS a significant difference between the means)  

o Even if F is significant, we don’t know where the difference is… This is where you run planned comparisons or Post 
Hoc tests  
o If no -> fail to reject the null hypothesis (there is no significant difference between the means) 

 
Reporting F statistic: F (dfM, dfE) = ‘Fobtained’, p = ‘p-value’ 

Effect sizes 
o The one-way ANOVA tells you whether there’s a difference but doesn’t tell you of the size/magnitude of the 

difference. Effect size tells you what proportion of the variance in the DV is explained by the IV 

 R2 or  h2 & Partialh2 w2 

Equation h& =
𝑆𝑆"
𝑆𝑆0

 h3
& = 	

𝑆𝑆"
𝑆𝑆0

 w& =
𝑆𝑆" − (𝑘 − 1)(𝑀𝑆/)

𝑆𝑆0 +	𝑀𝑆/
 

Explanation h2 = Sum of squares 

model ÷ Sum of 

squares total  

h3
&= SSmodel ÷ SS 

total 

w2 = (SSmodel – ((number of groups -1) x 
MSerror)) ÷ (SStotal + MSerror) 
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Why/when to use it?  o Estimate effect size for F tests 

o Provides a % estimate of how much 
observed variance in DV was a result 
of the IV 

o Effect is calculated between 0-1; turn 
that into a % by removing the decimal 

o For one-way ANOVA R2 = h2 = 
Partialh2 

o Stricter – less biased than h2 
o = or close to equal n’s only 
o Better for small sample sizes 

• As sample increases overestimation 
decreases 

Limitations o Partial h2 is the same for one-way 
ANOVA but is different once there’s 
more than 1 IV 

 

Interpretation ___% of the variance in the DV can be accounted for by the observed variance in the IV 

Interpreting	Results	
Reject:	If	"Prob>F"	of	the	one-way	ANOVA	is	statistically	significant	(i.e.,	p	<	.05)	à	reject	the	null	hypothesis	and	

conclude	that	not	all	group	means	are	equal	in	the	population(i.e.,	at	least	one	group	mean	is	different	to	another	

group	mean).		

Fail	to	reject:	If	p	>	.05,	you	do	not	have	any	statistically	significant	differences	between	the	group	means	and	you	

have	to	fail	to	reject	the	null	hypothesis.		

Reporting	in	APA:		

Significant	Result:	

The	ability	to	cope	with	workplace-related	stress	(CWWS	

score)	was	statistically	significantly	different	for	different	

levels	of	the	physical	activity	group,	F(3,27)	=	8.32,	p	<	

.001.	

Non-Significant	Result:		

There	were	no	statistically	significant	differences	in	

CWWS	score	between	the	different	physical	activity	

groups,	F(3,27)	=	1.116,	p	=	.523.	

	

	

	

	

Determining whether there are differences between 
groups: Planned Comparison vs Post hoc tests 

Statistically significant ANOVA tells you whether three or more group means differ in some way in the population, BUT it 

doesn’t tell you which of the group means differ significantly. Therefore, you need to do further testing: 
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Planned Comparison: Specific comparisons you wanted to make before collecting data that come from your hypotheses.  

Post hoc test: Tests used to compare groups AFTER you have collected data and run the ANOVA 

Planned Comparisons 

Generating Contrasts – Rules 

o Independence (orthogonal) 
• No double dipping 
• If you have a control, treat as baseline 

o Only TWO “groups” compared at one time 
o General rule: # of comparisons = (k-1) 

• Can do less 

*It is possible to do non-orthogonal comparisons, however… Take care with interpretation, p will be correlated with 
statistic (use higher p value) leading to a higher chance of type 1 errors (false positive)* 

Coding/Weights Guidelines for Contrasts 

1. Choose sensible questions: testing your hypotheses 
2. Sum of the weights MUST = 0  
3. Weights assigned to one “group” should be equal to the 

number of groups/levels contained in opposite comparison 

Steps for Calculating a One-Way ANOVA Planned Comparison 

5. Make a Decision (determine whether Fcon is significant) 
Scheffé Decision Rule = 𝑑𝑓"(𝐹.:;) 
degrees of freedom for the model * critical f value from the F 
table when (dfM, dfE) 

o Use decision rule to decide whether or not to 
reject H0: 
• Reject: if Fcontrast is > Fcritical à there IS a 
significant effect. Look at the means of the groups and 
you can tell the direction.  
• Fail to reject: if Fcontrast is < Fcritical à no 
significant effect 
o Interpret: ____ is significantly higher/lower 

when ______ as compared to ________.  
 

Applying Weights to contrasts (example) 
- Simple Contrast: comparing 2 groups; so, you give each group a weight of +1/-1  

Steps Explanation 
1. Apply coefficients (weights) 

 

Sum of weights for 
each comparison 
MUST = 0 

2. Calculate Ψ 
𝛹= = 𝑤=𝑋?= + 𝑤&𝑋?& + 𝑤@𝑋?@ 

 

psi (Ψ) = (weight of 
group 1 x mean of 
group 1) + (weight 
group 2 x mean group 
2) + (weight group 3 x 
mean group 3) 

3. Calculate SS 

𝑆𝑆= =
𝑛(Ψ=&)
∑𝑤B&

 

 

Sum of Squares for 
group 1 = number of 
people in the group x 
(Ψ for group 1, 
squared) ÷ sum of the 
(weights squared) for 
all the groups 

4. Calculate F contrast  

𝐹C= = 	
𝑆𝑆=
𝑀𝑆/

 

 

F contrast for group 1 
= sum of squares for 
group 1 (in the 
contrast) ÷ mean 
squared error for the 
original model 
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 A B C D 
A vs C 1 0 -1 0 
B vs D 0 1 0 -1 

- Complex Contrast: comparing a combination of 2 more than 2 groups of the IV 
(e.g. groups A and B combined compared to group C |OR| Groups A and B combined compared to groups C and D) 

 A B C D 

A & B vs C 1 1 -2 0 
B & C vs D 0 1 1 -2 

Example: groups A and B combined compared to group C 

o When combining groups A & B average the means: (mean of A + mean of B ÷ by 2) 

Bonferroni Adjustment – Planned Comparison 

o Less strict because you’re not biased by knowing the means 
o a = .05 ÷ number of groups  
o Bonferroni 𝐹CDEF = ( .:;

#CHIFDJKFK
) 

o Used to reduce the chances of obtaining false-positive results (type I errors) when multiple pair wise tests are 
performed on a single set of data. The probability of identifying at least one significant result due to chance increases 
as more hypotheses are tested. 

Bonferroni Simple Contrast – Interpreting STATA output 

Comparing Sedentary vs Low groups 

 

Contrast: reports the mean difference 
between the two groups being compared 
P>|t|: p value to determine significance (if 
it’s >.05 then it’s not significant. If it's <.05 
à significant) 
95% Conf. Interval: Can report with 95% 
certainty that the contrast effect in the 
population is between the two numbers 
presented 

Interpret: There was a statistically 
significant increase/decrease in DV from 
group a of IV (M = …, SD = …)  to               
group b of IV (M = …, SD = …), a mean 
increase of …, 95% CI […,…], p = …. 

Example from screenshots: 
There was a statistically significant increase in CWWS score from the 
sedentary group (M = 4.2, SD = 0.8) to the group performing low level 
physical activity (M = 5.9, SD = 1.7), a mean increase of 1.7,  
95% CI [-0.076, 3.531]. p = .064. 

 

 

 

(for this example you use (1) 
because that’s the number for the 
contrast – it’s in order of what was 
entered into STATA) 
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Bonferroni Complex Contrast – Interpreting STATA output 

Second Contrast: Comparing average on non-sedentary groups (low, moderate & high) vs sedentary group 

Interpret: DV was statistically significantly 
higher/lower in group x1,2&3 (M = …) 
compared to group x4 (M = …, SD = …), a 
mean increase of …, 95% CI […,…], p = …. 

Example from screenshots: 
CWWS score was statistically significantly 
higher in the non-sedentary groups (M = 6.8) 
compared to the sedentary group  
(M = 4.2, SD = 0.8), a mean increase of 2.7, 
95% CI [1.145, 4.223], p > .001. 

 

 

 

 

 

 

Post Hoc  
Scheffe’s test:  

o Allows testing of any contrast, without regard to orthogonality (without being statistically independent) 
o Comparisons can be pairwise (simple) or complex  

• not all post hoc tests will allow more than simple means comparisons 
o Automatically adjusts the critical value as if you’re doing an infinite number of tests (very strict alpha) 
o One of the most conservative post hoc tests 
o Most often used with unequal sample sizes 

Steps to calculating Scheffe’s: 

1. Calculate new SS with just two means and n’s, excluding any data from groups not included in comparison.  
2. Calculate new MSM using df from model. 
3. Calculate F using new MSM and model MSE. 

       𝑆𝑆" = ∑0L

I
−	M

L

N
                                                             𝑀𝑆" =	 OOP

QRP
                                                                𝐹 =	"OP

"OS
 

  

1 2 3 
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Example:  

Reporting 
ANOVA statistically sig., variances were = and post hoc carried out 
Using Example from above: A one-way ANOVA was conducted to determine if the ability to cope with workplace-related 
stress (CWWS score) was different for groups with different physical activity levels. Participants were classified into four 
groups: sedentary (n = 7), low (n = 9), moderate (n = 8) and high levels of physical activity (n = 7). There were no outliers, 
as assessed by boxplot; data was normally distributed for each group, as assessed by Shapiro-Wilk test (p > .05); and there 
was homogeneity of variances, as assessed by Levene's test of homogeneity of variances (p = .120). Data is presented as 
mean ± standard deviation. CWWS score was statistically significantly different between different physical activity 
groups, F(3, 27) = 8.316, p < .001, ω2 = 0.42. CWWS score increased from the sedentary (M = 4.15, SD = 0.77) to the low 
(M = 5.88, SD = 1.69), moderate (M = 7.12, SD = 1.57) and high (M = 7.51, SD = 1.24) physical activity groups, in that order. 
Tukey post hoc analysis revealed that the mean increase from sedentary to moderate (2.97, 95% CI [0.99, 4.96]) was 
statistically significant (p = .002), as well as the increase from sedentary to high (3.35, 95% CI [1.30, 5.40], p = .001), but no 
other group differences were statistically significant. 

Null Hypothesis Significance Reporting 
Statistically Significant: The group means were statistically significant (p < .05). Therefore, we can reject the null 
hypothesis and accept the alternative hypothesis.  
NOT Statistically Significant: The group means were not statistically significantly different (p > .05). Therefore we cannot 
reject the null hypothesis and cannot accept the alternative hypothesis.  

 (Un)balanced designs 

Balanced Design: An equal number of cases (e.g., participants) in each group 

Unbalanced Design: if sample sizes are not the same in all groups 

Generally speaking, the more unbalanced the design, the greater the negative effect of any violation of assumptions on 

the validity of the test. Ideally, you want a balanced design (although this can be hard to achieve in practice). 

	


