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OUTLINE 

 Parametric methods- Tests on means: Are two 
means the same? 

 Independent or dependent samples 

 Equal or unequal variances 

 One- or two-tailed test 

 Non-parametric methods: 

 Rank’s tests by examples 

 Tests on proportions 
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INDEPENDENT SAMPLES: ARE TWO MEANS 

THE SAME? 

Total sample size Subgroup sample 
size 

Equal 
Variances 

Unequal 
Variances 

Large size (n>50 or n>100)  
or σ’s known 

~ equal 
very different 

Z-test Rank-sum test 

Small size ~ equal 
very different 

t-test Rank-sum test 
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Assumptions:  the observations are independent from each 
other;  the samples are drawn from a normal distribution 
(use a Rank-test when this assumption is violated);  the 
standard deviation of samples are not statistically different 
by each other (apply an unequal variance form of the means 
test or a rank test).  
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INDEPENDENT SAMPLES T-TEST 

Are the variances 
statistically 
different? 

t-test assuming 
unequal 
variances 

t-test assuming 
equal variances 
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Z AND T TESTS TO COMPARE A SAMPLE MEAN WITH A 

POPULATION MEAN 

Z test 

When? Population standard 
deviation is known OR n > 50 
(100) 

Hypotheses: 

 m = μ (H0) vs. m ≠ μ (H1) 

Significance level (α = 0.05) → 
critical value with n-1 df 
(degree of freedom) 

Test statistics:  

z = (m-μ)/(σ/√n) where σ = 
standard deviation, n = sample 
size 

  

t-test 
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When? Unknown standard 
deviation OR n < 50 (100) 

Hypotheses: 

 μ1= μ2 (H0) vs. μ1≠ μ2 (H1) 

Significance level (α = 0.05) → 
critical value with n-1 df 
(degree of freedom) 

Test statistics:  

t = (m-μ)/(s/√n) where s = 
standard deviation, n = sample 
size 
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Z AND T TESTS TO COMPARE A SAMPLE MEAN WITH A 

POPULATION MEAN – PROBLEM 1 

Z-test 

 μ = 0 (H0) vs μ ≠ 0 (H1) 

 α = 0.05 

 σ  = 1.75 

 n = 15 

 m = 3.87 

 Zcrit = 1.96 

 

Z = ? 

Conclusion ? 

T-test 

 μ = 0 (H0) vs μ ≠ 0 (H1) 

 α = 0.05 

 s  = 2.50 

 n = 15 

 m = 3.87 

 tcrit = 2.145 

 

Z = ? 

Conclusion ? 
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Z AND T TESTS TO COMPARE TWO SAMPLE MEANS 
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THREE OR MORE MEANS: ANOVA 

Are the means of k groups different? 

 H0: There are no differences among the mi. 

 H1: A difference exists somewhere among the groups 

 Is the t-test appropriate? No, because the t-test compare 
two groups and this approach will increase the size of the 
error – 9.75%) 

 Solution: apply ANOVA (analysis of variance, one-factor 
ANOVA or one-way ANOVA)  

 Assumptions:  data are independent from each other;  
distribution of each group in original data is normal;  the 
variances are not significantly different by each other 
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THREE OR MORE MEANS: ANOVA 

 Hypotheses: H0: There are no differences among means vs. 
H1: There are one or more differences somewhere among 
means 

 Verify assumptions:  normal distribution;  not 
statistically different variances 

 α = 0.05 – df = k-1 (numerator) and df = n-k (denominator) 

 F = MSM/MSE 

 If F > Fcrit → reject H0; F < Fcrit → failed to reject H0 
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Source of 
variability 

Sum of Squares Mean of squares 

Abb Formula df Abb Formula 

Mean SSM ∑k ni·(mi-m)2 k-1 MSM SSM/(k-1) 

Error SSE SST – SSM n-k MSE SSE/(n-k) 

Total SST ∑n(xi-m)2 n-1 MST SST/(n-1) 
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THREE OR MORE MEANS: ANOVA - PROBLEM 2 

α=0.05; df: k-1=3-1=2; n-k=301-3=298; Fcrit = 3.03; m = 66.8; 
SST = 19670.3; MST = 65.57 
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PSA CaP risk group n m s 

< 4 ng/ml Low 89 66.1 9.1 

4−10 ng/ml Uncertain 164 66.3 7.8 

>10 ng/ml High 48 69.6 6.4 

PSA=prostate-specific antigen; CaP = prostate cancer; n = sample size;  
m = mean; s = standard deviation 

Source of 
variability 

Sum of Squares Mean of squares 

Abb Formula df Abb Formula 

Mean SSM ∑k ni·(mi-m)2 k-1 MSM SSM/(k-1) 

Error SSE SST – SSM n-k MSE SSE/(n-k) 

Total SST ∑n(xi-m)2 n-1 MST SST/(n-1) 
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PAIRED SAMPLES 
STUDENT T-TEST FOR COMPARING MEANS 

 Aim: comparing the means of two paired samples on 
quantitative continuous variable (paired means the observation 
of the same quantitative variable before and after the action of a 
factor) 

 Assumptions:  

 Individual observations from the first sample corresponds to 
a pair in the second sample 

 The differences between pairs of values are normally 
distributed. 

 Null hypothesis: The mean of difference of paired data is not 
significantly different by zero. 

 Alternative hypothesis for two-tailed test: The mean of 
difference of paired data is significantly different by zero. 
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STUDENT (T) FOR COMPARING MEANS OF PAIRED 
SAMPLES 

 Degrees of freedom (df): df = n – 1 

 Significance level:  = 0.05 

 Critical region: 

 Statistics 

 

 

 

 

 

 

 

 s = standard deviation of the 
differences 

 n = sample size 
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PAIRED STUDENT T-TEST 
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PAIRED STUDENT T-TEST 
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STUDENT T-TEST FOR COMPARING MEANS OF 
PAIRED SAMPLES 

 Null hypothesis: There is no significant difference in systolic 
blood pressure before and after having used of oral 
contraceptives. 

 Alternative hypothesis for two-tailed test: There is a significant 
difference in systolic blood pressure before and after having used 
of oral contraceptives. 

 Degrees of freedom: df = n – 1 = 10-1 = 9 

 Significance level:  = 0.05 

 Critical regions for two-tailed test:  
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STUDENT T-TEST FOR COMPARING MEANS OF PAIRED 
SAMPLES 

Conclusion (two-sided test): 

 Statistical: The null hypothesis is rejected since the 
statistics belongs to critical region. 

 Clinical: The use of oral contraceptives is associated to a 
significant increase in systolic blood pressure. 
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PROBLEM 3 
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NONPARAMETRIC TESTS 

Advantages 

 Used with all scales 

 Easier to compute 

 Developed originally 
before wide computer 
use 

 Make fewer assumptions 

 Need not involve 
population parameters 

 Results may be as exact  as 
parametric procedures 

Disadvantages 

 May waste information  

 If data permit using 
parametric procedures 

 Example: converting 
data from ratio to 
ordinal scale 

 Difficult to compute by 
hand for large samples 

 Tables not widely 
available 
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NONPARAMETRIC TESTS BY EXAMPLES 

Variable 

scale 

One-sample Two-samples K-samples 

Related 
samples 

Independ 
samples 

Related 
samples 

Independ 
samples 

Nominal Binomial McNewman Fisher 
exact 

Chi-Square 

Cochran Q 
(dichotom) 

Chi-Square 

Ordinal Kolmogorov -
Smirnow 

Sign 

Wilcoxon 

Mann-
Whitney 

Friedman 

Kendall’s 

Kruskal-
Wallis one-
way 
analysis of 
variance 
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RANKS TEST BY EXAMPLES 
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TESTS ON PROPORTIONS 

16-Dec-2013 

 



©2013 - Sorana D. BOLBOACĂ  

TESTS ON PROPORTIONS 
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TESTS ON PROPORTIONS – PROBLEM 4 
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TESTS BY EXAMPLE 

Micu MC, Alcalde M, Sáenz JI, Crespo M, Collado P, Bolboacă SD, Naredo E. 
Impact of musculoskeletal ultrasound in an outpatient rheumatology clinic. 
Arthritis Care & Research 2013;65(4):615–621. 
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TESTS BY EXAMPLE 

Gherman CD, Pamfil D, Bolboacă SD. Association of Atherosclerotic 
Peripheral Arterial Disease with Adiponectin Genes SNP+45 and SNP+276: A 
Case-Control Study. BioMed Research International 2013;Article ID 501203. 
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TESTS BY EXAMPLE 

Papita A, Itu C, Bolboacă SD. Metabolic Disorder Associated with HIV Infection and 
Atiretroviral Treatment. Therapeutics, Pharmacology and Clinical Toxicology 
2012;XVI(1):24-31. 
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TESTS BY EXAMPLE 

Mihály O, Bolboacă SD, Rahaian R, Bodolea C, Chira C, Cristea T, Oblezniuc A, Mihály ZA, Coman I. 
Accuracy of Neutrophil Gelatinase-Associated Lipocalin in Detecting Acute Kidney Injury after 
Urogenital Robotic Assisted Laparoscopic Surgery under General Anesthesia. Applied Medical 
Informatics 2012;30(2):47-56. 
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TESTS BY EXAMPLE 

Chirilă M, Bolboacă SD, Mureşan M, Tomescu E, Cosgarea M. Lymphatic 
and Vascular Invasion in Laryngeal and Pyriform Sinus Carcinomas. 
Laryngo-Rhino-Otologie 2011;90(6):358-363. 
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TESTS BY EXAMPLE 

Badiu Tişa ID, Bolboacă S, Miu N, Iacob D. Efficiency of Oxygen Therapy by Simple 
Face Mask and Nasal Cannula for Acute Respiratory Failure in Infants and Young 
Children. Notulae Scientia Biologicae 2013;5(4):407-411. 
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TESTS BY EXAMPLE 

Boja AR, Tamaş MM, Rednic N, Filipescu I, Bolboacă SD, Rednic S, Mircea 
PA. Ultrasonography in symmetric hand arthritis: are left and right 
equivalent?. Romanian Journal of Rheumatology 2011;XX(1):20-26. 
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TESTS BY EXAMPLE 

Botar-Jid C, Bolboacă SD, Damian L, Dudea SM, Pantilie C, Nedevschi S, Badea R. 
Assessment of Sonoelastography as Diagnosis Tool of Inflammatory Myopathies. 
Applied Medical Informatics 2010;27(4):81-89. 

16-Dec-2013 



©2013 - Sorana D. BOLBOACĂ  

TESTS BY EXAMPLE 

Luminita Lăţea, Ştefania L. Negrea, Sorana D. Bolboacă. Effects of valsartan and 
nebivolol on blood pressure, QT dispersion and left ventricular hypertrophy in 
hypertensive patients. Dicle Medical Journal 2010;37(2):OA81-88. 
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TESTS BY EXAMPLE 

Rotar I, Bolboacă SD, Mureşan D, Popp R, Petrişor F, Butuza C, Caracostea G, Stamatian F. The 
Analysis of Genetic Polymorphism. The Relationship between Interleukin – 4 Polymorphisms 
and Intraepithelial Cervical Neoplasia. Applied Medical Informatics 2010:27(3):43-52. 
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HOMEWORK 

Solve the problems presented in this lecture (see 
text in red as Problem) and send the solution as 
attached file (e-mail: sbolboaca@umfcluj.ro) no 
later than December 19, 2013. Specify as subject: 
Full name – Faculty – Group. 
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