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Explore

It is the first step in the analytic process
to explore the characteristics of the data
to screen for errors and correct them

to look for distribution patterns - normal
distribution or not

May require transformation before further
analysis using parametric methods

Or may need analysis using non-parametric




Choosing an appropriate method

* Number of groups of observations

* Independent or dependent groups of
observations

* Type of data
 Distribution of data
* Objective of analysis

P



Nonparametric Test
Procedures

 Statistic does not depend on population
distribution

« Data may be nominally or ordinally scaled
— Example: Male-female

* May involve population parameters such
as median

» Based on analysis of ranks

—————



Variable 1 Variable 2 Criteria Type of Test
Qualitative Qualitative  |Sample size < 20 or (< 40 but |Fisher Test
Dichotomus Dichotomus |with at least one expected
value < 5)
Qualitative Quantitative |[Data not normally distributed |Wilcoxon Rank Sum
Dichotomus Test or U Mann-
Whitney Test
Qualitative Quantitative |[Data not normally distributed |Kruskal-Wallis One
Polinomial Way ANOVA Test
Quantitative Quantitative [Repeated measurement of the|Wilcoxon Rank Sign
same individual & item Test
Continous or Quantitative - [Data not normally distributed |[Spearman/Kendall
ordinal continous Rank Correlation




Advantages of
Non-parametric Tests

 Used with all scales

« Easier to calculate

— Developed before wide computer
use

« Make fewer assumptions

* Need not involve population ~
parameters -
« Results may be as exact as -

M




Disadvantages of
Non-parametric Tests

« May waste information

— If data permit using parametric S Taker Co
procedures

— Example: Converting data
from ratio to ordinal scale

« Difficult to calculate by hand
for large samples

« Tables not widely available
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Mann-Whitney U Test/
Wilcoxon Rank Sum

* Non-parametric comparison of 2 groups

* Requires all the observations to be ranked
as If they were from a single sample

P



Mann-Whitney U Test/
Wilcoxon Rank Sum

* Tests two Independent population medians
* Non-parametric test procedure

* Assumptions
— Ordinal, interval, or ratio scaled data
— Population is nearly symmetrical
 Bell-shaped, rectangular etc.

» Can use normal approximation if n, > 10

m



Mann-Whitney U Test/
Wilcoxon Rank Sum Procedure

» Assign ranks, R;, to the n; + n, sample
observations

— If unequal sample sizes, let n, refer to
smaller-sized sample

— Smallest value = rank of 1
— Same value -> Average ties

« Sum the ranks, T,, for each group
» Test statistic is T, (smallest group)
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Example

+ Comparing the blood

glucose level
between taxi drivers

(code 3) and bus
drivers (code 1)




Example step 2

kerja lu | rank
 Arrange the blood -

glucose level in 244 1 936
ascending order. 832 9>
Give rank from

lowest to highest.

* |f the same values,
take the mean
rank.

rank
1
3
4
<)
6
4
8

—



Example step 3

 Arrange the blood J
-

glucose level In
ascending order.
Give rank from
lowest to highest.

* |f the same values,
take the mean
rank.

832




Example step 3

Total up the rank in the smaller group

Bus drivers; T = 6+8+1=15

Taxi drivers; T = 7+4+5+3+2=21
Compare the result with the respective table
atnl and n2; 3, 5.

T Is between the two critical range (6 — 21).
Only significant if T= or <6,
or T=or > 21.

Conclusion: p > 0.05; Null Hypothesis
NOT REJECTED




JIE Appendix

PR — Refer to Table AS.

Reprastecsd lrom Table &7 of Coman (1974) el permissea ol 15e aulhor and publiskery

- i e o st s & Look at n1, n2; 3, 5.

Saprafacieel ol T il Eoetsdin o wrtv

T e For p=0.05, the critical

i INEREETY range is < 6 or > 21. Only
¥ oED hA nm significant if; T < 6,

RN R EEIRH] O T > 21

S SIETEM Therefore p > 0.05

Two-sided P value
0.05 0.01 0.001




Appendix Table E

Table E Mann-Whithey test on unpaired samples: 5% and 1% levels of P
5% Critical points of rank sums
—
2/3 4|5 6 |7|8 9|10 |11 12 |13 |14 |15
n2
4 | [ o
5 [ [s [11[17
6 | 7 [12 [18 [26
7 | [7 [13 |20 [27 [36
g [3]g [14 [21 [29 [33 |49
o [3lz [15 [22 [31 |40 [51 [63
10 [3[e [15 |23 [32 a2 [53 [65 [78
11 |4[e [16 |24 [34 a4 [55 |68 [31 |96
12 |4 [10 17 |26 |35 [46 [58 |71 [85 [ee [115
12 |4 10 [18 [27 [37 48 [s0 [73 82 [103 [119 [137
14 |4[11 [19 |28 |38 [50 [63 |76 [91 [106 [123 141 |180
15 |4 [11 [20 [29 |40 [52 [65 [79 |94 [110 [127 [145 |14 [1835
16 |4 [12 [21 31 |42 [54 [s7 |82 [97 [114 [131 [150 |169
17 |5 12 [21 [32 |43 [36 [70 |24 [100 [117 [135 [154
18 |5 [13 [22 [33 |45 [58 [72 |27 [103 [121 [139
1[5 013 [23 [34 l4s |0 [74 [o0 107 [12a | [ [ |
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SPSS Output

KERJA _ Mean Rank | Sum of Ranks

Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)
Exact Sig. [2*(1-tailed
Sig.)]
a. Not corrected for ties.
b. Grouping Variable: KERJA




The only way for the result
to be significant

|s for all the data of the smallest
group to be at one end or the
other.

Fosaa o oy



Assume the results were like this

nores kerja rank

93.6

 The bus drivers all
had lower blood
glucose level
compared to the
taxi drivers.




Now the result is significant

Total up the rank in the smaller group
— Bus drivers; T = 1+2+3=6
—  Taxi drivers; T = 4+5+6+7+8=30

. Compare the result with the respective table
atnlandn2; 3, 5.

. T Is exactly the value of the lower critical
range (6 — 21). Now significant since T= or <
6

Conclusion: p < 0.05; Null Hypothesis is
REJECTED

P



JIE Appendix

PR — Refer to Table AS.

Reprastecsd lrom Table &7 of Coman (1974) el permissea ol 15e aulhor and publiskery

- i e o st s & Look at n1, n2; 3, 5.

Saprafacieel ol T il Eoetsdin o wrtv

T e For p=0.05, the critical

i INEREETY range is < 6 or > 21. Only
¥ oED hA nm significant if; T < 6,

RN R EEIRH] O T > 21

S SIETEM Therefore p < 0.05

Two-sided P value
0.05 0.01 0.001




Let’s try it the other way!
3

* The bus drivers all

had higher blood 244 93.6
glucose level 832 9>
compared to the

taxi drivers.

rank
1
3
4
<)
6
7
8

—




Now the result Is also significant

Total up the rank in the smaller group
—  Busdrivers; T = 6+7+8=21
—  Taxidrivers; T = 1+2+3+4+5=15
. Compare the result with the respective table
atnlandn2; 3, 5.

- T I1s exactly the value of the upper critical
range (6 — 21). Now significant since T= or >
21

o Conclusion: p < 0.05; Null Hypothesis is
REJECTED
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JIE Appendix

PR — Refer to Table AS.

Reprastecsd lrom Table &7 of Coman (1974) el permissea ol 15e aulhor and publiskery

- i e o st s & Look at n1, n2; 3, 5.

Saprafacieel ol T il Eoetsdin o wrtv

T e For p=0.05, the critical

i INEREET range is < 6 to > 21. Only
¥ oED hA nm significant if; T < 6,

RN R EEIRH] O T > 21

S SIETEM Therefore p < 0.05

Two-sided P value
0.05 0.01 0.001




Kruskal-Wallis test

* When there is 3 or more independent
groups of observation



Kruskal-Wallis Rank Test
for c Medians

» Tests the equality of more than 2 (c)
population medians

* Non-parametric test procedure

» Used to analyze completely randomized
experimental designs

« Can use yZ distribution to approximate if
each sample group size n; > 5

T



Kruskal-Wallis Rank Test
Assumptions

 Independent random samples are drawn
» Continuous dependent variable

* Ordinal, interval, or ratio scaled data

* Populations have same variability

* Populations have same shape

P



Kruskal-Wallis Rank Test
Procedure

Assign ranks, R, to
the n combined
observations

Smallest value = 1

Largest value = n
Average ties

» Test statistic Squared total rank of
v each group




Kruskal-Wallis Rank Test
Example

As production manager, you Machl Mach2 Mach3
want to see If 3 filling 25.40 23.40 20.00
machines have different 26.31 21.80 22.20
median filling times. You 24.10 23.50 19.75
assign 15 similarly trained & 23.74 22.75 20.60

experienced workers, 25.10 21.60 20.40
5 per machine, to the —_— % T
machines. At the .05 level, .@.‘@'
is there a difference in S _
g ]
L2



Kruskal-Wallis Rank Test

Solution
Ho: M; = M, = M, Test Statistic:
Hi: Not all equal
o =.05

df=c-1=3-1=2

Critical Value(s): Decision:

a = .05

Conclusion:




Obtaining Ranks
Solution

Raw Data
Machl Mach2 Mach3

Machl Mach2 Mach3

Ranks

25.40
ZASRCH
24.10
23.74
25.10

23.40
21.80
23.950
22.75
21.60

20.00
22.20
19.75
20.60
20.40

14
15
12
11
13

9
6
10
8
5

2

w NP~



Test Statistic
Solution

Mach1 Mach2 Mach3
14 9 y

15 6 7
12 10 1
11 8 4
13 5 3

65 38 17 .



Kruskal-Wallis Rank Test

Solution
Ho: M; = M, = M, Test Statistic:
Hi: Not all equal H=1158
a=.05 Refer to Chi-Square table
df=c-1=3-1=2
ertlcal Value(s): Decision:

Reject at o = .05

a = .05

Conclusion:
Jihere s evidence pep.

Medians arediiienrent




- Téted:Persemgejeiato Refer to Table 3'

F Value
.. Look atdf = 2
1 0.45 132 27 1,84 502 f.63 758 10.83 = L
1.3% 77 .61 599 738 921 10ED 1352
, _ H = 11.58, larger than
[} 535 T.54 1 ] 16.8] !
7 635 204 1202 14407 1601 18.48 A28 24.32
B 7.0 [ [1 ] 13,36 15.51 17 & Ak [re—
'] BN 11358 14.68 1692 I’ 10 60 (p—O 005) but
| | | |

137 4.11 625 7.81 935 11.34 1284
W 9.4 12.55 1599 1831

539 .78 949 114 1213 14 86

1107

1 1034 13.70 17.28 19,68 4 . k

12 1134 14 85 18.55 21m 3. , 2

PR B M B 1 smaller than

14 13,34 1712 20104 23,68 [ ]

15 14,24 18.25 2231 2900
16 15.34 19.37 1354 .30
17 16,34 2049 umn %
18 17.34 21.60 599 1857 1153

p=0.001).

1% 1B.34 2272 IT20 M4 1285 .

0 1934 nn 1841 LE] .17 3757 ;

21 0M 493 .62 12.67 3548 1853 |

e 1M 6.0 g EY .92 .78 4029 F u u u

i i3M IT.14 32.01 15,17 2008 4] .64 y
4 N b e 3.0 M4l k] 4198 ]
Fx 2404 934 34,38 37.63 40165 44 31 I | l e rfo e If I I — I I . 5 8 y

26 25 14 43 35.56 IEED i1.92 4564

n 26,24 31.53 36.74 40,11 43,19 46,96

3B M 262 ¥92 4l 4446 4828

9 /M 347 W9 428 4572 29 O O O < < O O O 5
W WA MB0 4025 4377 4608 5089 . 1 p 0 .

40 034 4562 5181 55.76 L ) 63.69
S0 45,13 3633 6317 67350 TL42 T6.13
1] 5913 6508 7440 T0.08 330 8338

™ 9.3 Tis8 85353 9053 950 100.43

d.k. 0.5 025 0.1 005 0025 001  [0005  0.001

1 045 1.32 2.71 3.84 502 6.63 7.88 10.83
y) .39 277 461 599 ° 738 9.21 10.60 13.82
3 237 411 G625 781 — 933 1139 1284 16.27
4 3.36 5.39 7.78 9.49 11.14 1328  14.86 18.47




Istrnbution of M

Prohability

d.f.

0.5

0.10

0.05

0.02

0.01

0.001

0455

2. FE

4641

5412

SNEN

10,827

1. 506

4. 605

59491

FRS

4210

15815

2. 560

62501

J.al5

Gna

11.545

16, 268

CRCWT

ERE,

4 dhn

11,668

15277

la. 465

L e L A N e

4 551

4256

11.0°70

15 588

15,086

20517




SPSS Output

MESIN _ Mean Rank

MASA 1.00
2.00
3.00
Total

Chi-Square
df
Asymp. Sig.

a. Kruskal Wallis Test

b. Grouping Variable: mesin




Wilcoxon Sighed Rank Test

* Two groups of paired observations



Example

nores bpsl bps2

237 147 131

835 166 150

: Whether there et o .
IS any 809 150 139
difference of 2t L0 +00
. 233 164 155

the SyStOllC 272 154 145
blood pressure 239 186 178
261 155 147

taken at 2 246 176 170

different time Zy 186 181

i i ‘i ii ‘ | 254 155
N
257 162




Step 2
e Calculate the

difference

between the two

values.

* Rank them
accordingly,

_
o

1 +
— D
O._my
~+ pd
O DS
C D
T Bk
Ot
- O%
.nluVoS




Step 3

. Total up the ranks of the positives and the
negatives. These are T+ dan T-.

. T+ = 152 and T- = 409

. "ake the smaller value I.e. 152 and refer to
the appropriate table. Critical value for n = 33
(3 zero values so 36 - 3) for significance at
0.051s 171. Therefore < critical range.

o Therefore : Null hypothesis rejected.

. Conclusion: There is a sig difference of blood
pressure measured at two different times. BP

e ‘.hefo%sﬁsa'g-hithh




Table AT Criti.l:-al values for the Wilcoxon matched pairs signed rank test R efer to Tab I e A7 .

Reproduced from Table 21 of White LI9T9) with permussic uthors and

publishers.
Look at n=33
T=smaller of T, and T_ n -

Significant il T < entical value

One-sided P value One-sided F value
005 0025 001 OUDDS 005 0025 001 0005

=N [o ke the smallest value
SRR EANT+=152. Critical value for

188 |71 151 138
183 182

gpean = 33 (3 zero values) for

& E@significance at 0.05 is 171.

Therefore 152 < critical

range; 0.02 <p <0.05

Two-sided P value
1005 0.02

101 5 i
110 78 83 L
120 93 -
136 117 102 02
141 127 111

128
13

201 183 162 149




Tahle D Wilcoxon test on paired samples: 5% and 1% levels of P

Number of pairs 5% Level 1% Level
7 2 0
g 2 0
9 & 2
10 a 3
11 11 5
le 14 7
13 17 10
14 21 13
15 25 16
16 A0 1%




SPSS Output

__ Mean Rank | Sum of Ranks

BPS2 - BPS1  Negative Ranks
Positive Ranks
Ties
Total
a. BPS2 < BPS1
b. BPS2 > BPS1

C. BPS2 = BPS1

Test Statistic®

BPS2 - BPS1
Z
Asymp. Sig. (2-tailed)
a. Based on positive ranks.
b. Wilcoxon Signed Ranks Test




Spearman/Kendall Correlation

* To find correlation between a related pair
of continuous data; or

 Between 1 Continuous, 1 Categorical
Variable (Ordinal)

e €.g., association between Likert Scale on work
satisfaction and work output.

—“



Spearman's rank correlation
coefficient

 In statistics, Spearman's rank correlation coefficient,
named for Charles Spearman and often denoted by the
Greek letter p (rho), is a non-parametric measure of
correlation — that is, it assesses how well an arbitrary
monotonic function could describe the relationship
between two variables, without making any assumptions
about the frequency distribution of the variables. Unlike
the Pearson product-moment correlation coefficient, it
does not require the assumption that the relationship
between the variables is linear, nor does it require the
variables to be measured on interval scales; it can be

used for variables measured at the ordinal level.



http://psychcentral.com/psypsych/Statistics
http://psychcentral.com/psypsych/Charles_Spearman
http://psychcentral.com/psypsych/Rho
http://psychcentral.com/psypsych/Non-parametric_statistics
http://psychcentral.com/psypsych/Correlation
http://psychcentral.com/psypsych/Monotonic
http://psychcentral.com/psypsych/Variable
http://psychcentral.com/psypsych/Frequency_distribution
http://psychcentral.com/psypsych/Pearson_product-moment_correlation_coefficient
http://psychcentral.com/psypsych/Linear_equation
http://psychcentral.com/psypsych/Interval_measurement
http://psychcentral.com/psypsych/Ordinal_measurement

= pl

xample [EE_E— |

Correlation between

sphericity and visual i : ?

acuity.

*Sphericity of the eyeball %6”2' . e N .

IS continuous data while &

visual acuity is ordinal v 6/91 o wooao

data (6/6, 6/9, 6/12, z —

6/18, 6/24), therefore 26/64 aosooooos & 6 S

Spearman correlation is o

the most suitable. S _ _ . . .

*The Spearman rho * B ’ i ) ° °

correlation coefficient is - Sphericity of Right Eye

0.108 and pis 0.117. P Sorreiions

Is larger than 0.05, Visual Acuity | Sphericity of

. - Right Eye Right Eye

therefore there is no Spearman's tho  visual Acuity - Right Eve Correlation Coefficient 1.000 -108

significant association 0.l ok e

between Sphericity and Sphericity of Right Eye  Correlation Coefiicient -108 1.000
. . Sig. (2-tailed) 17 .

visual acuity. N 211 211




Example 2

- Correlation between glucose level and systolic
blood pressure.

-Based on the data given, prepare the following
table;

*For every variable, sort the data by rank. For ties,
take the average.

«Calculate the difference of rank, d for every pair
and square it. Take the total.

Include the value into the following formula;

> d2=49215 n=32
*Therefore rg = 1-((6*4921.5)/(32*(322-1)))

= 0.097966.
This is the value of Spearman correlation
coefficient (or Y).
«Compare the value against the Spearman table;
*p Is larger than 0.05.

*Therefore there is no association between systolic
RP and blood aliicoce level




Spearman’s
table

*0.097966 is the value
of Spearman correlation
coefficient (or Y).
Compare the value
against the Spearman
table;

*p is larger than 0.05.
*Therefore there is no
association between
systolic BP and blood
glucose level.

N (the humber of
pairs of scores):

0.05 0.02 0.01

1
0.886
0.786
0.738
0.683
0.648
0.591
0.544
0.506
0.475

0.45
0.428
0.409
0.392
0.377
0.364

1
0.943
0.893
0.833
0.783
0.746
0.712
0.645
0.601
0.564
0.534
0.508
0.485
0.465
0.448
0.432

1
0.929
0.881
0.833
0.794
0.777
0.715
0.665
0.625
0.591
0.562
0.537
0.515
0.496
0478



SPSS Output

Correlations

Spearman's rho GLU Correlation Coefficient
Sig. (2-tailed)

N

Correlation Coefficient
Sig. (2-tailed)

N




Presentation

* Never sufficient to present the results
solely as a p value

* Median and quartiles should be given

* For small samples, the median and range
can be given

P



Take Home Message

» Both parametric & non-parametric
methods can be used for continuous data

» Parametric methods are preferred if all
assumptions are met

e Reasons

— Amenable to estimation and confidence
Interval

— Readily extended to the more complicated
data structures

m



Take Home Message

* We should carry out either parametric or non-
parametric test on a set of data, not both.

* When there are doubts of the validity of the
assumptions for the parametric method, a non
parametric analysis is carried out

* If the assumptions are met, the two methods
should give very similar answers

* |If the answers differ, then the non-parametric
method is more likely to be reliable

'——wv‘



