Two Group Difference Testing
When designing your research it is often useful (and simplest) to compare differences between two conditions or groups. This could, for example establish the impact of an intervention on a single group or whether two different groups are the same or different on a specific variable. You might also want compare a specific characteristic from a sub-group to an established population norm value.
Examples
1. Compare secondary school children’s BMI levels in Carmarthenshire to the Welsh average (One Sample t-test)
2. Determine whether balance training improves stability in older adults (Student or paired t-test)
3. Evaluate whether year 4 boys or girls have better motor development skills (Independent t-test)
4. To determine impact of music on rate of perceived exertion (Wilcoxen Matched Pairs)
5. To evaluate whether Outdoor Education or Physical Education students enjoy green exercise more (Mann-Whitney U-Test)

Type of Difference Testing

As identified in the examples above there are 5 possible difference tests that you are mostly likely to use as an undergraduate student. Which you use is dependent on the research design and the type of data you have (see the Statistical decision test).

One Sample t-test

Used only when you have interval or ratio data (score data in SPSS) and parametric data (normal distribution) to determine whether the mean score of a small group was the same or different to the mean score of an established population. This is often used in epidemiology when comparing health data of a sub-group to that of the whole population, such as that of body composition identified in example (1) above. 

Student, dependent or Paired t-test

Used only when you have interval or ratio data (score data in SPSS) and parametric data (normal distribution) to determine whether an intervention or event had a positive or negative impact on a single group of people. You will use this test when your research requires you to measure a variable before and then after an intervention, or change in behaviour, lifestyle etc.; such as measuring the impact of specific training strategies on a group of people, as identified in example (2) above.

Independent t-test

Used only when you have interval or ratio data (score data in SPSS) and parametric data (normal distribution) to determine whether two different (independent) groups have the sample or different mean score on a particular variable. You will use this when your research design requires you to make comparisons between two different groups on a particular variable, such as difference in gender, between two different year groups, two different degree disciplines etc, as identified in example (3) above.



Wilcoxen Matched Pairs

Used when you have ordinal or non-parametric data (data is not normally distributed) instead of a paired t-test to determine whether an intervention or event had a positive or negative impact on a single group of people. You will use this test when you data collection includes the use of ordinal data, such as used often in Likert questionnaire data or arbitrary scales such as the rate of perceived exertion, as used in example (4 ) above. 

Mann-Whitney U-test

Used when you have ordinal or non-parametric data (data is not normally distributed) instead of an independent t-test to determine if two independent groups have the same or different mean score / responses on a particular variable. You will use this test when you data collection includes the use of ordinal data, such as used often in Likert questionnaire data or arbitrary scales such as the rate of perceived exertion, as used in example (5) above.


Revision: Determining parametric or non-parametric data

1. Normality: Data have a normal distribution (or at least is symmetric)
2. Homogeneity of variances: Data from multiple groups have the same variance.
3. Linearity: Data have a linear relationship.
4. Independence: Data are independent.

In SPSS use Shapiro-Wilks for samples <50 and Kolmogorov-Smirnov for >50

 (if the significance value is greater than 0.05 then you can assume normal distribution)

You can also do a Q-Q plot to establish linearity and observational normallacy.


Determining which test to use (see stats decision tree)

1. Parametric or non-parametric population?
2. Type of data being collected?
3. Two groups or two contexts for one group?
4. Difference required?

Using SPSS for Difference Testing

Once you have decided which test is most appropriate you will then have to input the data into SPSS in the right format and conduct the test (There are many videos and tutorials on-line so if you need help just type in the test you want and SPSS V.?).



One Sample t-test

To determine if the calorific consumption of students is different from the dietary recommendations.

Variable view

	Line 
	Name
	Type
	Width
	Dec
	Label
	Values
	Missing
	Col
	Align
	Measure
	Role

	1
	energy
	Numeric
	8
	2
	
	None
	None
	8
	Rt
	Scale
	input

	
	
	
	
	
	
	
	
	
	
	
	




Data View

You will now see energy appear as the title in column 1.
Cut and paste the data from excel (one sample t-test) into column 1.

Running the test

1. Analyse
2. Compare means
3. One sample t-test
4. Move energy to test variable(s)
5. In test value put in the population norm you are using (2100) in this example.
6. Options – check confidence intervals are set at 95% - continue.
7. OK.

SPSS Outputs
	One-Sample Statistics

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	energy
	88
	2237.8068
	571.80876
	60.95502



	One-Sample Test

	
	Test Value = 2100

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	energy
	2.261
	87
	.026
	137.80682
	16.6521
	258.9615



Although you will need to report means, standard deviations and confidence intervals the data required to determine if the sample mean is significantly different from the population mean is the significance value. 


Reporting the data 

You will need to include the t value, degrees of freedom and significance value when reporting the analysis.

(t(d.f)=t score, p=sig. score)


A comparison of energy intact of UWTSD students compared to the energy intake recommendations show that UWTSD students [(2237± 572 Kcal) or 2237 kcals 95% CI (17-259)] is significantly higher (t(87)=2.261, P=0.06) that that recommended.



Dependent (paired / student) t-test

To determine whether two measures of body composition (skinfolds and bioelectrical impedance) provide the same percentage fat readings.

Variable view

	Line 
	Name
	Type
	Width
	Dec
	Label
	Values
	Missing
	Col
	Align
	Measure
	Role

	1
	skinfold
	Numeric
	8
	2
	
	None
	None
	8
	Rt
	Scale
	input

	1
	imped
	Numeric
	8
	2
	
	None
	None
	8
	Rt
	Scale
	input




Data View

You will now see skinfold appear as the title in column 1 and imped in column 2.
Cut and paste the data from excel (paired sample t-test) into columns 1 and 2.

Running the test

1. Analyse
2. Compare means
3. paired sample t-test
4. Move skinfold to variable 1 and imped to variable 2
5. Options – check confidence intervals are set at 95% - continue.
6. OK.

SPSS Outputs
	Paired Samples Statistics

	
	Mean
	N
	Std. Deviation
	Std. Error Mean

	Pair 1
	skinfold
	28.6037
	27
	5.91208
	1.13778

	
	Imped
	29.7926
	27
	6.02679
	1.15986



	Paired Samples Correlations

	
	N
	Correlation
	Sig.

	Pair 1
	skinfold & Imped
	27
	.992
	.000




	Paired Samples Test

	
	Paired Differences
	t
	df
	Sig. (2-tailed)

	
	Mean
	Std. 
Deviation
	Std. Error Mean
	95% Confidence Interval of the Difference
	
	
	

	
	
	
	
	Lower
	Upper
	
	
	

	Pair 1
	skinfold - Imped
	-1.18889
	.77872
	.14987
	-1.49694
	-.88084
	-7.933
	26
	.000



Although you will need to report means, standard deviations and confidence intervals the data required to determine if the sample means are significantly different from each other is the 2 tailed significance value.

Reporting the data 

You will need to include the t value, degrees of freedom and significance value when reporting the analysis.

(t(d.f)=t score, p=sig. score)

A comparison of two methods of determining body fat identified that measures using the impedance method (29.8±6.0 %) was significantly greater (t(26)=-7.933, P,0.01) than those measured using 4 site skinfolds (28.6±5.9%).


Independent Sample t-test

To determine whether men consume more calories than women

Variable view

	Line 
	Name
	Type
	Width
	Dec
	Label
	Values
	Missing
	Col
	Align
	Measure
	Role

	1
	Gender
	Numeric
	8
	2
	
	
	None
	8
	Rt
	Nominal
	input

	1
	Energy
	Numeric
	8
	2
	
	None
	None
	8
	Rt
	Scale
	input




1 = male; 2=female

We can use the words male and female but will have to change the type column to string

Data View

You will now see skinfold appear as the title in column 1 and imped in column 2.
Cut and paste the data from excel (independent sample t-test) into columns 1 and 2.

Running the test

1. Analyse
2. Compare means
3. Independent  t-test
4. Test variable – energy
5. Grouping variable – gender
6. Define groups (group 1=1) and (group 2=2) – these number tell SPSS the coding you have assignment to male and females
7. Options – check confidence intervals are set at 95% - continue.
8. OK.
	SPSS Outputs

	Group Statistics

	
	gender
	N
	Mean
	Std. Deviation
	Std. Error Mean

	energy
	1.00
	16
	2171.2500
	569.36040
	142.34010

	
	2.00
	13
	1889.3077
	466.39797
	129.35552


	
	Independent Samples Test

	
	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	F
	Sig.
	t
	df
	Sig. (2-tailed)
	Mean Difference
	Std. Error Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	
	
	
	Lower
	Upper

	energy
	Equal variances assumed
	.263
	.612
	1.435
	27
	.163
	281.94231
	196.43997
	-121.11921
	685.00383

	
	Equal variances not assumed
	
	
	1.466
	26.993
	.154
	281.94231
	192.33709
	-112.70543
	676.59005



Although you will need to report means, standard deviations and confidence intervals the data required to determine if the sample means are significantly different from each other is the 2 tailed significance value.
Reporting the data 

You will need to include the t value, degrees of freedom and significance value when reporting the analysis.

(t(d.f)=t score, p=sig. score)

A comparison of the influence of gender on energy intake revealed that there were no significant differences (t(27)=1.435, P=0.163) between men (n(16)=2171 ± 569 kcals)  and women (n(13)=1889.3 ±466 Kcals).

If, as in this case there is no difference then you do not have to report the (t(d.f)=t score, p=sig. score).

The Levene’s test score is a measure of variance and we generally want to assume equal variance within our groups. If the Levene’s test score is greater than 0.05 then can assume this and use that row for obtaining our significance 



Wilcoxon Matched Pairs

To determine whether music influences how hard you find exercise

This is a non-parametric version of the dependent, paired or student t-test. It is used if your data is ordinal (ranked score) and or you do not have normally distributed data.

[image: ]The graph shows normally distributed data. To see if your data is normally distributed plot the histogram.
Use the non-parametric tests if the graph does look like this.




Variable view

	Line 
	Name
	Type
	Width
	Dec
	Label
	Values
	Missing
	Col
	Align
	Measure
	Role

	1
	music
	Numeric
	8
	2
	
	None
	None
	8
	Rt
	Ordinal
	input

	2
	nomusic
	Numeric
	8
	2
	
	None
	None
	8
	Rt
	Ordinal
	input




Data View

You will now see music appear as the title in column 1 and no music in column 2.
Cut and paste the data from excel (Wilcoxen) into column 1 and 2

Running the test

1. Analyse
2. Non-parametric
3. Legacy dialogues
4. 2 related samples
5. Variable 1=music, variable 2=nomusic
6. Options – descriptive
7. Wicoxen ticked
8. OK

SPSS Outputs
	Descriptive Statistics

	
	N
	Mean
	Std. Deviation
	Minimum
	Maximum

	music
	14
	13.5000
	1.87083
	10.00
	16.00

	nomusic
	14
	14.5000
	1.99036
	11.00
	18.00




	Test Statisticsa

	
	nomusic - music

	Z
	-2.658b

	Asymp. Sig. (2-tailed)
	.008

	a. Wilcoxon Signed Ranks Test

	b. Based on negative ranks.



Although you will need to report means, standard deviations the data required to determine if the mean rank for music is significantly different from that for nomusic the significance value. 

Reporting the data 

You will need to include the Z value, number of participants and significance value when reporting the analysis.

(w(N)=z score, p=sig. score)

An evaluation into the impact of music of self-reported exercise intensity using RPE indicated that participants found exercising with music (13.5±1.9) significantly easier (W(14)= -2.658,p=0.08) than the same exercise without music (14.5±2.0).


Mann-Whitney U-test

To evaluate whether Outdoor Education or Physical Education students enjoy green exercise more

This is a non-parametric version of the independent  t-test. It is used if your data is ordinal (ranked score) and or you do not have normally distributed data.

Variable view

	Line 
	Name
	Type
	Width
	Dec
	Label
	Values
	Missing
	Col
	Align
	Measure
	Role

	1
	degree
	Numeric
	8
	2
	
	
	None
	8
	Rt
	nominal
	input

	2
	Enjoy
	Numeric
	8
	2
	
	
	None
	8
	Rt
	Ordinal
	input



1=OE		1=never
2=PE		2=Occasionally
		3=sometimes
		4=often
		5= never
Data View

You will now see degree appear as the title in column 1 and enjoy in column 2.
Cut and paste the data from excel (Mann-Whitney) into column 1 and 2

Running the test

1. Analyse
2. Non-parametric
3. Legacy dialogues
4. Two independent samples
5. Grouping variable = degree (define groups : 1=1, 2=2)
6. Test variable = enjoy (1=never, 2= occasionally, 3=sometimes, 4=often, 5=always)
7. Options – descriptive
8. Make sure Mann-Whitney U is ticked
9. OK

SPSS Outputs
	Descriptive Statistics

	
	N
	Mean
	Std. Deviation
	Minimum
	Maximum

	enjoy
	96
	3.2500
	.98408
	1.00
	5.00

	degree
	96
	1.5000
	.50262
	1.00
	2.00



	Ranks

	
	degree
	N
	Mean Rank
	Sum of Ranks

	enjoy
	OE
	48
	58.30
	2798.50

	
	PE
	48
	38.70
	1857.50

	
	Total
	96
	
	



	Test Statisticsa

	
	enjoy

	Mann-Whitney U
	681.500

	Wilcoxon W
	1857.500

	Z
	-3.634

	Asymp. Sig. (2-tailed)
	.000

	a. Grouping Variable: degree



Although you will need to report median, standard deviations the data required to determine if the mean rank for OE is significantly different from that for PE the significance value. 

Reporting the data 

You will need to include the U value, number of participants and significance value when reporting the analysis.

(U(n)=z score, p=sig. score)

The questionnaire data on the enjoyment of green exercise identified that Outdoor Education students get more enjoyment from green exercise than Physical Education students (U(96)=-3.634,p<0.01).
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