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Example of a statistical test I

• Problem: To what extent will a congenital 
heart malformation (non-cyanotic) influence 
the motor development of a child? 

• A study is performed where 18 children with 
congenital heart malformation are followed for 
observation of when the children first were 
able to walk. 
The mean age in months was 14.1



Congenital heart malformation and motor 
development – test II

• From large studies of normal children it has been 
shown that the mean age of children at their first 
steps alone is 13 months with a standard deviation of 
1.75 months.

• Based on the problem in question a null-hypothesis 
(H0) is defined:
– Children with congenital heart malformation has the same 

mean age when they learn to walk
– H0: µ = 13 months  



• Assume a normal distribution of the mean and 
assume that the H0 is true, then:

• Calculate the probability that a random sample of 18 
children has a mean “as far away from” 13 as 14.1. 
This is the p-value.

• If the p-value is small (less than 0.05), this means 
that what we have observed is unlikely to observe.
Self-contradiction. Reject the underlying assumption.

Congenital heart malformation and motor 
development – test III





t-test

• When the standard error cannot be assumed 
known, we will use the standard error in the 
sample (SD) as an estimate of the standard 
deviation of the population (σ).

• Instead of a z-value, we will compute a t-value 
for calculating the p-value.

• t = (X - µ0)/(SD/√n))

• P-value is found in a t-table using (n-1) degrees 
of freedom













Two sample t-test
H0: µa = µb

Comparing the means between two groups A and B

Xa – Xb

SEM(Xa-Xb)√1/na+1/nb

= tna+nb-2





Another example of test

• Problem: To what extent is the mental 
health influenced by being next of kin to 
a person with cancer?

• A study is measuring mental health (by 
SF-36) of 30 persons being next of kin 
to a person with cancer.







Mean = 78.7

SD = 15.4

N = 2255
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Statistical test -1



Statistisk test - 2



Statistical test - 2



Statistical test - 3

• If the p-value is less than the significance 
level α (i.e. 0.05) the H0 is rejected.

• If the p-value is greater that α then H0 may 
not be rejected. This does NOT mean that we 
have confirmed H0, only that these data 
cannot be used to reject H0.



t-test

• When the standard deviation cannot be 
assumed known, we will use the standard 
deviation in the sample (SD) as an estimate of 
the standard deviation of the population (σ).

• Instead of a z-value, we will compute a t-value 
for calculating the p-value.

• t = (X - µ0)/(SD/√n))

• P-value is found in a t-table using (n-1) degrees 
of freedom







t-test

• When the standard deviation cannot be 
assumed known, we will use the standard 
deviation in the sample (SD) as an estimate of 
the standard deviation of the population (σ).

• Instead of a z-value, we will compute a t-value 
for calculating the p-value.

• t = (X - µ0)/(SD/√n))

• P-value is found in a t-table using (n-1) degrees 
of freedom







T-Test

One-Sample Statistics

30 70,90 19,575 3,574SF-36 mental helse
N Mean Std. Deviation

Std. Error
Mean

One-Sample Test

-2,266 29 ,031 -8,10 -15,41 -,79SF-36 mental helse
t df Sig. (2-tailed)

Mean
Difference Lower Upper

95% Confidence
Interval of the

Difference

Test Value = 79



Paired t-test
• Paired samples t-tests are used when we have  a 

sample of matched pairs of similar units, or one 
group of units that has been tested twice (a 
"repeated measures" t-test).

• Xdiff = Xafter - Xbefore

• We use a one sample t-test on Xdiff with (n-1) d.f.

• t = (X - µ0)/(SD/√n))



Treatment Placebo

How accurately does the mean represent the data?



Treatment Placebo

How accurately does the mean represent the data?
Not very accurately.



Treatment Placebo

How accurately does the mean represent the data?
Very accurately



Confidence interval

• The confidence interval (CI) is providing an 
interval where the «true» mean in the in 
population where the sample was drawn from 
is included with a certain probability (i.e. 95%).

• Using the information on the distribution of the 
mean the CI can be calculated as:

• 95% CI: [ X +/- t0.975 · SEM ]
= [ X +/- t0.975 · SD/√n ]
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Correlation

• The correlation coefficient (r) measures the strength 
and direction of the linear association between two 
ordinal variables 

• It varies between -1 and 1; 
– r =  0 indicates no association
– r =  1 indicates a perfect positive association
– r = -1 indicates a perfect negative association



Formula for calculating the 
correlation coefficient



Langeland et al. Community Ment Health J 2007;43:321-39

r = -0.64



Regression analysis
• A regression analysis is modelling an 

association between one (or more) response 
variables (dependent variables) and predictor 
variables (independent variable). 

• The association is estimated as regression 
coefficients. 

• The regression coefficient indicates how 
much the dependent variable is changing 
when the independent variable is changing 
one unit. 

Y = β0 + β1x1,i + ... + βkxk,i
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Model Summary

,599a ,358 ,358 10,9939
Model
1

R R Square
Adjusted
R Square

Std. Error of
the Estimate

Predictors: (Constant), hoydea. 

Coefficients a

-86,178 6,876 -12,534 ,000

,939 ,040 ,599 23,539 ,000

(Constant)

hoyde

Model
1

B Std. Error

Unstandardized
Coefficients

Beta

Standardized
Coefficients

t Sig.

Dependent Variable: vektkga. 



Descriptive Statistics

994 41,0 142,0 75,458 13,7182

970 1 4 3,25 ,828

965 1 4 2,37 1,007

994 147 197 172,13 8,745

1000 40 47 43,13 2,139

940

vektkg

lettmosj

hardmosj

hoyde

ald1997

Valid N (listwise)

N Minimum Maximum Mean Std. Deviation

Correlations

1 ,599** -,058 -,008 -,029

,000 ,073 ,808 ,359

994 994 966 960 994

,599** 1 -,015 ,091** -,062*

,000 ,641 ,005 ,050

994 994 966 960 994

-,058 -,015 1 ,417** ,030

,073 ,641 ,000 ,344

966 966 970 944 970

-,008 ,091** ,417** 1 ,015

,808 ,005 ,000 ,650

960 960 944 965 965

-,029 -,062* ,030 ,015 1

,359 ,050 ,344 ,650

994 994 970 965 1000

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

vektkg

hoyde

lettmosj

hardmosj

ald1997

vektkg hoyde lettmosj hardmosj ald1997

Correlation is significant at the 0.01 level (2-tailed).**. 

Correlation is significant at the 0.05 level (2-tailed).*. 



Group Statistics

477 82,696 11,5064 ,5268

517 68,779 12,1199 ,5330

kjona
Mann

Kvinne

vektkg
N Mean Std. Deviation

Std. Error
Mean

Independent Samples Test

,035 ,851 18,531 992 ,000 13,9171 ,7510 12,4434 15,3909

18,570 991,186 ,000 13,9171 ,7495 12,4464 15,3878

Equal variances
assumed

Equal variances
not assumed

vektkg
F Sig.

Levene's Test for
Equality of Variances

t df Sig. (2-tailed)
Mean

Difference
Std. Error
Difference Lower Upper

95% Confidence
Interval of the

Difference

t-test for Equality of Means



Model Summary

,613a ,376 ,373 10,9163
Model
1

R R Square
Adjusted
R Square

Std. Error of
the Estimate

Predictors: (Constant), hardmosj, kjona, lettmosj,
hoyde

a. 

ANOVAb

67133,350 4 16783,338 140,841 ,000a

111419,3 935 119,165

178552,6 939

Regression

Residual

Total

Model
1

Sum of
Squares df Mean Square F Sig.

Predictors: (Constant), hardmosj, kjona, lettmosj, hoydea. 

Dependent Variable: vektkgb. 

Coefficients a

-50,730 11,379 -4,458 ,000

,785 ,059 ,496 13,250 ,000

-4,214 1,036 -,153 -4,067 ,000

-,202 ,479 -,012 -,422 ,673

-,811 ,395 -,059 -2,051 ,041

(Constant)

hoyde

kjona

lettmosj

hardmosj

Model
1

B Std. Error

Unstandardized
Coefficients

Beta

Standardized
Coefficients

t Sig.

Dependent Variable: vektkga. 



Estimation of expected value in a 
regression analysis

Weight = – 50.7 + 0.79 height – 4.2 sex – 0.20 lightex – 0.81 heavex

Expl. Woman of 160 cm, light exercise 1-2 times a week and 
heavy exercise 1-2 times a week

Weight = – 50.7 + 0.79 x 160 – 4.2 x 2 – 0.20 x 3 – 0.81 x 3

Weight = – 50.7 + 126.4 – 8.4 – 0.60 – 2.24  = 64.5



A regression analysis is modeling the level 
of a linear association between variables

Cannot estimate non-linear associations
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A statistically significant 
association between two variables 

does not neccesarily mean that 
there is a causal relationship 

between the two variables

Oldenburg



Chi-square test (χ2-test)

• To test the association between two variables 
on a nominal level.

• Observed number (O) for each combination 
of values of the two variables is listed in a 
table.

• Expected number (E) for each cell is 
calculated.

• χ2 = Σ(O - E)2/E   has a chi-square distribution 
with (r-1)·(s-1) degrees of freedom, where r  
and s are the number of catgories for each of 
the two variables



Chi-square test - example

 Level of pain  

 Weak or moderate 
pain  

Strong or 
unbearable pain 

 

First time 
mothers 

A 
E = (A+B)(A+C)/n 

B 
E = (A+B)(B+D)/n 

A+B 

Given birth 
before 

C 
E = (A+C)(C+D)/n 

D 
E = (B+D)(C+D)/n 

C+D 

 A+C B+D n = 
A+B+C+D 

 

 

Pain during labor  – is there a difference in the perceived level 
of pain between women giving birth for the first time and women 
who have given birth before?



 Level of pain  

 Weak or moderate 
pain  

Strong or 
unbearable pain 

 

First time 
mothers 

33 
45% 

40 
55% 

73 
100% 

Given birth 
before 

46 
62% 

28 
38% 

74 
100% 

 79 68 147 

 

 

Relative risk (RR) = proportion of women with strong pain among 
first time mothers - divided by the proportion of women with strong 
pain among women having given birth before  

RR = 55% / 38% = 1.45

Pain during labor  – is there a difference in the perceived level of pain 
between women giving birth for the first time and women who have 
given birth before?

Chi-square test - example



Chi-square test - example
 Level of  pain   

 Weak or moderate 
pain  

Strong or 
unbearable pain 

 

First time 
mothers 

33 
E = 39.2 

40 
E = 33.8 

73 

Given birth 
before 

46 
E = 39.8 

28 
E = 34.2 

74 

 79 68 147 

 

 

χ2 = Σ(O - E)2/E = (33-39)2/39.2 + (40-33.8)2/33.8 + .... = 4.25

One degree of freedom: p-value between 0.05 and 0.025 (table A5).





røyk * hjertesykdom Crosstabulation

205 13958 14163

1,4% 98,6% 100,0%

58 8096 8154

,7% 99,3% 100,0%

263 22054 22317

1,2% 98,8% 100,0%

Count

% within røyk

Count

% within røyk

Count

% within røyk

Nei

Ja

røyk

Total

Ja Nei

hjertesykdom

Total

Chi-Square Tests

24,078b 1 ,000

23,450 1 ,000

,000 ,000

22317

Pearson Chi-Square

Continuity Correctiona

Fisher's Exact Test

N of Valid Cases

Value df
Asymp. Sig.

(2-sided)
Exact Sig.
(2-sided)

Exact Sig.
(1-sided)

Computed only for a 2x2 tablea. 

0 cells (,0%) have expected count less than 5. The minimum expected count is
96,09.

b. 

Risk Estimate

2,050 1,530 2,747

2,035 1,522 2,720

22317

Odds Ratio for røyk
(Nei / Ja)

For cohort
hjertesykdom = Ja

N of Valid Cases

Value Lower Upper

95% Confidence
Interval

Ja

Nei

OR

RR

H0: No difference in risk of 
heart disease between      
smokers and non-
smokers

H1: Difference in risk

H0 rejected because 95% 
confidence interval did not 
contain 1 

H0 rejected because 
p<0.05



kjona * hjertesykdom Crosstabulation

169 10094 10263

1,6% 98,4% 100,0%

94 11960 12054

,8% 99,2% 100,0%

263 22054 22317

1,2% 98,8% 100,0%

Count

% within kjona

Count

% within kjona

Count

% within kjona

Mann

Kvinne

kjona

Total

Ja Nei

hjertesykdom

Total

Risk Estimate

2,130 1,653 2,745

2,112 1,643 2,714

22317

Odds Ratio for kjona
(Mann / Kvinne)

For cohort
hjertesykdom = Ja

N of Valid Cases

Value Lower Upper

95% Confidence
Interval

OR

RR

H0: No difference in risk of 
heart disease between      
males and females

H1: Difference in risk

H0 rejected? 



kjona * hjertesykdom Crosstabulation

169 10094 10263

1,6% 98,4% 100,0%

94 11960 12054

,8% 99,2% 100,0%

263 22054 22317

1,2% 98,8% 100,0%

Count

% within kjona

Count

% within kjona

Count

% within kjona

Mann

Kvinne

kjona

Total

Ja Nei

hjertesykdom

Total

Risk Estimate

2,130 1,653 2,745

2,112 1,643 2,714

22317

Odds Ratio for kjona
(Mann / Kvinne)

For cohort
hjertesykdom = Ja

N of Valid Cases

Value Lower Upper

95% Confidence
Interval

OR

RR

H0: No difference in risk of 
heart disease between      
males and females

H1: Difference in risk

H0 rejected? Yes, because
1 is not contained in the 
95% confidence interval(s) 



ald1997 * hjertesykdom Crosstabulation

26 3636 3662

,7% 99,3% 100,0%

36 3692 3728

1,0% 99,0% 100,0%

38 3703 3741

1,0% 99,0% 100,0%

52 3692 3744

1,4% 98,6% 100,0%

45 3661 3706

1,2% 98,8% 100,0%

35 1753 1788

2,0% 98,0% 100,0%

31 1917 1948

1,6% 98,4% 100,0%

263 22054 22317

1,2% 98,8% 100,0%

Count

% within ald1997

Count

% within ald1997

Count

% within ald1997

Count

% within ald1997

Count

% within ald1997

Count

% within ald1997

Count

% within ald1997

Count

% within ald1997

40

41

42

43

44

46

47

ald1997

Total

Ja Nei

hjertesykdom

Total

Chi-Square Tests

22,835a 6 ,001

22317

Pearson Chi-Square

N of Valid Cases

Value df
Asymp. Sig.

(2-sided)

0 cells (,0%) have expected count less than 5. The
minimum expected count is 21,07.

a. 

H0: Age does not 
matter

H1: Age matters

H0 rejected?



ald1997 * hjertesykdom Crosstabulation

26 3636 3662

,7% 99,3% 100,0%

36 3692 3728

1,0% 99,0% 100,0%

38 3703 3741

1,0% 99,0% 100,0%

52 3692 3744

1,4% 98,6% 100,0%

45 3661 3706

1,2% 98,8% 100,0%

35 1753 1788

2,0% 98,0% 100,0%

31 1917 1948

1,6% 98,4% 100,0%

263 22054 22317

1,2% 98,8% 100,0%

Count

% within ald1997

Count

% within ald1997

Count

% within ald1997

Count

% within ald1997

Count

% within ald1997

Count

% within ald1997

Count

% within ald1997

Count

% within ald1997

40

41

42

43

44

46

47

ald1997

Total

Ja Nei

hjertesykdom

Total

Chi-Square Tests

22,835a 6 ,001

22317

Pearson Chi-Square

N of Valid Cases

Value df
Asymp. Sig.

(2-sided)

0 cells (,0%) have expected count less than 5. The
minimum expected count is 21,07.

a. 

H0: Age does not 
matter

H1: Age matters

H0 rejected? Yes, because
p<0.05



alccat2 * hjertesykdom Crosstabulation

65 4968 5033

1,3% 98,7% 100,0%

22 1932 1954

1,1% 98,9% 100,0%

34 3110 3144

1,1% 98,9% 100,0%

24 2853 2877

,8% 99,2% 100,0%

39 3159 3198

1,2% 98,8% 100,0%

35 2774 2809

1,2% 98,8% 100,0%

13 619 632

2,1% 97,9% 100,0%

1 61 62

1,6% 98,4% 100,0%

233 19476 19709

1,2% 98,8% 100,0%

Count

% within alccat2

Count

% within alccat2

Count

% within alccat2

Count

% within alccat2

Count

% within alccat2

Count

% within alccat2

Count

% within alccat2

Count

% within alccat2

Count

% within alccat2

1

2

3

4

5

6

7

8

alccat2

Total

Ja Nei

hjertesykdom

Total

Chi-Square Tests

8,197a 7 ,316

19709

Pearson Chi-Square

N of Valid Cases

Value df
Asymp. Sig.

(2-sided)

1 cells (6,3%) have expected count less than 5. The
minimum expected count is ,73.

a. 

H0: Alcohol use does
not matter

H1: Alcohol use 
matters

H0 rejected?



alccat2 * hjertesykdom Crosstabulation

65 4968 5033

1,3% 98,7% 100,0%

22 1932 1954

1,1% 98,9% 100,0%

34 3110 3144

1,1% 98,9% 100,0%

24 2853 2877

,8% 99,2% 100,0%

39 3159 3198

1,2% 98,8% 100,0%

35 2774 2809

1,2% 98,8% 100,0%

13 619 632

2,1% 97,9% 100,0%

1 61 62

1,6% 98,4% 100,0%

233 19476 19709

1,2% 98,8% 100,0%

Count

% within alccat2

Count

% within alccat2

Count

% within alccat2

Count

% within alccat2

Count

% within alccat2

Count

% within alccat2

Count

% within alccat2

Count

% within alccat2

Count

% within alccat2

1

2

3

4

5

6

7

8

alccat2

Total

Ja Nei

hjertesykdom

Total

Chi-Square Tests

8,197a 7 ,316

19709

Pearson Chi-Square

N of Valid Cases

Value df
Asymp. Sig.

(2-sided)

1 cells (6,3%) have expected count less than 5. The
minimum expected count is ,73.

a. 

H0: Alcohol use does
not matter

H1: Alcohol use 
matters

H0 rejected? No, because
p>0.05


