Nonparametric tests

Dr Kyaw Ko Ko Htet
M.B.,B.S, MSc (Epidemiology)
Research Officer
Department of Medical Research
Pyin Oo Lwin

Data management workshop, 22-26 July, 2019, Day 4



Outline

What is nonparametric teste
When to use

Nonparametric tests used for comparative
study design

Steps in data interpretation for
nonparametric fest



What is nonparametric test?

* Distribution-free tests

— Do not assume, like parametric test that
the outcome is approximately normally
distributed



When 1o use

Mean(u )

Mean = Median= Mode

Population sample




When 1o use

Population sample 1

Population sample 2




When 1o use

Population sample 1

Population sample 2 6




Number of participants
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When to use

Situations does not follow normal distribution

- Ordinal variable

Much Slightly No Slightly Much
worse worse change improved improved

Symptom severity

Distribution of Days in the Hospital Following
Transplant

Outliers

0 5 10 15 20 25 30 35

Davs in Hospital

Limits of detection

HIV viral load testing

Arrange from

Not detected or

below the level of detection
to 100 of millions of copies



Nonparametric tests used for comparative study design

Effectiveness of treatment intervention on reducing anxiety level
among children before operation

Intervention group

Pretreatment Post-treatment Follow up
Measure Measure Measure
Pretreatment Post-treatment Follow up
Measure Measure Measure

Control group

Outcome measure: Anxiety level (1=Not at all anxiety to 7=Extremely anxiety)
Ordinal in measure



Steps in data interpretation for
nonparametric test

* Type of problem

* Variables used

« Research question

« Assumption (Which test will be used?)
« Result

* Presentation and Interpretation



Nonparametric tests used for comparative study design

Effectiveness of treatment intervention on reducing anxiety level
among children before operation

Pretreatment
Measure

Type of problem Single sample “Goodness of fit”
Parametric test -

Nonparametric test Kolmogorov- Smirnov

Outcome measure: Anxiety level (1=Not at all anxiety to 7=Extremely anxiety)
Ordinal in measure



Single sample “Goodness of fit”

Kolmogorov-Smirnov One Sample test

. id group Preanxiety

Vquables 1 Intervention 7

2 Intervention 4

3 Intervention 6

4 Intervention B

. . . 5  Intervention 3
Preanxiety= Anxiety score of children 6 Intervention 7
before treatment intervention e -
Anxiety score (1=Noft at all anxious to 9 Intervention 5
/=extremely anxious) 1‘1’ lmerée;ntﬂl ;’
12 Control 5

13 Control 5

14 Control B

15 Control B

16 Control 6

17 Control 7

18 Control 7

19 Control 7

20 Control 7

|d=children identification number; group=treatment intervention and cohtrol



Kolmogorov-Smirnov One Sample test

Research question

 To what extent do the prefreatment anxiety
scores of children in our sample resemble a
normal distribution ¢



Kolmogorov-Smirnov One Sample test

Assumption

. The sample variable should consist of a randomly set of

observation

Data must be continuous and at least an ordinal scale

. The theoretical distribution to which sample variable is

being compared must be completely specified

-3 to +3 > 1 1o 7 by adding 4 for each



Kolmogorov-Smirnov One Sample test

Result
Histogram
Report -
Fretreatment anxiety ’
i Mean Median | Std. Deviation
20 f.856 6.00 1.3049
3 4Pretreatmsent amn:iel:;«G
Tests of Normality
Kolmogorov-Smirnoy® Shapiro-Wilk
Statistic df =0i. Statistic df Si.
Pretreatment anxiety 246 20 | (Coo3)| iz 20 001
e

a. Lilliefors Significance Correction




Kolmogorov-Smirnov One Sample test

Data presentation and interpretation

Table: Distribution of anxiety level of children in the study
before intervention

Anxiety N Mean Median Standard Kolmogorov-
scores deviation Smirnov
/ *pvalue
0.246 0.003
Pretreatment 20 5.8 6 1.4

z=critical value
*The calculated two sided p value is for Kolmogorov-Smirnov one sample test

An examination of pretreatment anxiety scores using Kolmogorov-

Smirnov one sample test indicates that the sample data were not
normally distributed (z=0.246,pvalue=0.003)



Nonparametric tests used for comparative study design

Effectiveness of treatment intervention on reducing anxiety level
among children before operation

Intervention group

Prefreatment Post-freatment
Measure Measure
Type of problem Repeated sample (2 time periods)
Parametric test Paired t test
Nonparametric test Wilcoxon Signed Ranks test, Sign fest

Outcome measure: Anxiety level (1=Not at all anxiety to 7=Extremely anxiety)
Ordinal in measure



Repeated sample (2 measures)

Wilcoxon sighed ranks test

id group
Variables Intervention
Intervention
Intervention
Intervention
Intervention
Intervention
Intervention

Intervention

WD 00 =] On M = Ld R —

Intervention

—&
—

Intervention

Freanxiety | Postanxiety

i B TR R = T R % B a3 Y = 3 B
[ ST = & S T ¢ TR S T s TR S S o R S |

Scoredifference

P b L kWb Ao

|ld=children identification number; group=treatment intervention group
Preanxiety= Anxiety score of 10 children before treatment intervention
Postanxiety= Anxiety score of 10 children after treatment intervention

Socredifference= Postanxiety- Preanxiety
(Difference in post anxiety score and pre anxiety score for each chlldren)
Anxiety score (1=Not at all anxious to 7=extremely anxious)




Wilcoxon sighed ranks test

Research question

* |s there any difference in anxiety score level
of the children in the intervention group
from pretreatment to post freatmente



Wilcoxon sighed ranks test

Assumption

Data must be paired observation from a single randomly
selected sample

if violate,

Data must be continuous and at least ordinal ]_
Paired t test

Normal distribution violation in data

if violate, Sign test
If ordinal, more
preference on
(though not necessary normal) Wilcoxon signed

ranks test

Distribution of difference in post to pre
measurement in data must be symmetric



Wilcoxon sighed ranks test

Assumption

Tests of Normality

Fretreatment anxiety
Fosttreatment anxiety

Kolmogorov-Smirnoy®

Statistic

df

Lifference In post and pre
treatment score

257
297
237

10
10
10

=i.
060
013

118

a. Lilliefors Significance Correction

Frequency

(&)
1

1

Histogram

T
-4

T
-2

T
o

Pre tfreatment anxiety score was not different from normal distribution
(hormally distributed, p<0.05)

but post freatment anxiety score was significant difference from normal
distribution (not normally distributed, p<0.05)

T
2

Difference in post and pre treatment score

We cannot use mean to compare the pre and post=> We cannot use pair t test

Difference in post and pre freatment score was symmetry

and meet assumption, we no need to use Sign test



Wilcoxon sighed ranks test

Result

Report

Fretreatment || Posttreatment

anxiety anxiety
B 10 10
Mean f.80 4450
6.00 5.00
std. Deviation | 1.398 A72

Not significant difference
in pre and post freatment anxiety score

(p<0.73)

Test Statistics®

Fosttreatment
anxiety -
FPretreatment
anxiety

£
Asymp. Sig. (2-tailed)

a. Wilcoxon Signed RanksTest

b. Based on positive ranks.

21




Wilcoxon sighed ranks test

Data presentation and interpretation

Table: Anxiety scores of children before and after treatment interventior

Anxiety scores N Mean Median Standard *pvalue
deviation
0.073
Prefreatment 10 5.8 6 1.4
Post freatment 10 4.5 5 0.9

*The calculated two sided p value is for Wilcoxon signed ranks test

The result of Wilcoxon signed ranks test indicated that the 10
children who took part in the clinical intervenfion were nof
significantly difference in their median anxiety level from
pretreatment (Medium=6) to post freatment (Medium=5)
(pvalue=0.03)



Repeated sample (2 measures)

Sign test

Test Statistics® The calculated p value for Sign test is 0.039
sostrearment 1 1NAT for Wilcoxon signed ranks test is 0.073
anxiety -
Pretreatment
anxiefy—-J
, . b
Exact Sig. (2-tailed) UEL ) id group Preanxiety | Postanxiety | Scoredifference
a. sign Test 1 Intervention 7 5 -2
b. Binomial distribution used. 2| Intervention 4 4 0
3 Intervention B & 5 -1
4 Intervention b 3 -3
5 Intervention @ T @ 3
6 Intervention 7 3 -4
7 Intervention B 5 -1
8  Intervention 7 5 -2
. . . " Intervention 5 4 -1
So Wilcoxon assumption include intervention . ; 5

Distribution of difference in post to pre

measurement in data must be symmetric



Nonparametric tests used for comparative study design

Effectiveness of treatment intervention on reducing anxiety level
among children before operation

Intervention group

Pretreatment Post-treatment Follow up
Measure Measure Measure
Type of problem Repeated sample (>2 time periods)
Parametric test Repeated measure ANOVA
Nonparametric test Friedman test

Outcome measure: Anxiety level (1=Not at all anxiety to 7=Extremely anxiety)
Ordinal in measure



Repeated sample (>2 measures)

Friedman test

Variables id group Preanxiety | Postanxiety | Followup

Intervention
Intervention
Intervention
Intervention
Intervention
Intervention
Intervention

Intervention

[ I e B IR o TR o o T =S % TR ¥ [ %

Intervention

— M = | = W o o | e =)
M = MmOy M e m

—k
—

Intervention

oy = oy Mmooy s = = Oy

|ld=children identification number; group=treatment intervention group
Preanxiety= Anxiety score of 10 children before treatment intervention
Postanxiety= Anxiety score of 10 children after freatment intervention
Followup=Anxiety score of 10 children two week after intervention
Anxiety score (1=Not at all anxious to 7=extremely anxious)

25




Friedman test

Research question

« What are the differences in the anxiety
levels of 10 children who took part in the
Infervention across the three time periods
(I.e pretreatment, post treatment and follow

up)e



Friedman test

Assumption

Data must be paired and more than two observations
from a single randomly selected sample

. The subjects are independent

Data must be continuous and at least ordinal if violate,
Repeated
Normal distribution violation in data measure

ANOVA



Friedman test

Assumption
Tests of Normality
Kolmogorov-Smirnoy® shapiro-Wilk
Statistic df Sii. Statistic df Si.
Fretreatment anxiety 2a7 10 060 835 10 038
Fosttreatment anxiety 297 10 013 863 10 095
Faollow up 256 10 0E3 i 10 006

a. Lilliefors Significance Correction

Pre treatment and Follow up anxiety score was not different from normal

distribution (normally distributed, p<0.05)

But post treatment anxiety score was significant difference from normal
distribution (not normally distributed, p<0.05)

We cannot use mean to compare the pre, post and follow up=> We cannot use

repeated measure ANOVA




Friedman test

Result
Report
Fretreatment Fosttreatment ‘

anxiety anxiety Follow up

M 10 10 10
Mean f.80 4 50 A.00
6.00 5.00 | 5.00
Std. Deviation 1.398 72 043

Significant difference in anxiety score
over three time periods

Cannot tell where is difference?

Test Statistics®
N 10
Chi-Square 9879
df 2
Asymp. Sig. .007‘

a. Friedman Test

29



Friedman test

Data presentation and interpretation

Table: Anxiety scores of children over three time periods
during intervention

Anxiety N Mean Median Standard Friedman
scores deviation

X2  *pvalue

9.8 0.007
Pretreatment 10 5.8 6 1.4
Post treatment 10 4.5 5 0.9
Follow up 10 5.0 5 0.9

X?= Chi square value
*The calculated two sided p value is for Friedman test

The result of Friedman test indicated that there was a significant
difference in median anxiety levels of the 10 children who took part
iIn the intervention over the three time periods (pvalue=0.007)



Post hoc test

* By using Friedman test, we can only
conclude that at least one of the median
for the three time periods is significantly
different from one of the others.

e Post hoc test will be needed to assess the
direction (location of difference)

e Score reduce from pre to post
e Score reduce from pre o follow up
e Score reduce from post to follow up




Post hoc test

Wilcoxon Signed Ranks tests

Test Statistics®

Posttreatment
anxiety - Fallow up - Follow up -
Fretreatment Fretreatment Fosfttreatment
anxiety anxiety anxiety
7 ~1.791° -2.30g" -1.186°
Asymp. Sig. (2-tailed) 073 021 ) 236

a. Wilcoxon Signed Hanks Test
. Based on positive ranks.
c. Based on negative ranks.

Research question:

Score reduce from pre to follow up

One direction, we use one tailed p value
=0.021/2=0.01



Post hoc test

« Should we use pvalue 0.05 as significant level for each
direction?

— No, we should not because it will increase Type | error
for each direction

« What should we do¥¢

0.05/3=0.017 and less should be as significant level for
each direction

For one sided p value
e Post> pre score , 0.073/2=0.036 (>0.017)
e Follow up> pre score,0.021/2=0.01(<0.017)
e Follow up> post score,0.236/2=0.11 (>0.017)
*** significant reducing score from pre to follow Up*;:*



Post hoc test
Table: Anxiety scores of children over three time periods
during intervention

Anxiety scores N Mean Median Standard Friedman
deviation

X2  *pvalue

9.8 0.01
Pretreatment 10 5.8 6 1.4
Post freatment 10 4.5 5 0.9
Follow up™** 10 5.0 5 0.9

X?= Chi square value

*The calculated two sided p value is for Friedman test
** The calculated one sided p value for significantly different from
pretreatment, p=0.01 by Wilcoxon signed ranks test

The result of Post hoc test by Wilcoxon signed ranks test indicated
that there was a significant decrease in the children reported
anxiety from pretreatment (Medium=6) to follow up (Medium=5,

each) (pvalue=0.01). No other groups had significant different
median anxiety score. o



Nonparametric tests used for comparative study design

Effectiveness of treatment intervention on reducing anxiety level
among children before operation

— Intervention group

Post-treatment

Any diff
Measure ny grerence
— Control group
Type of problem Independent sample (2 levels)
Parametric test Independent t test
Nonparametric test Mann-Whitney U test, Median test

Outcome measure: Anxiety level (1=Not at all anxiety to 7=Extremely anxiety)
Ordinal in measure



Independent sample (2 levels)
Mann-Whitney U test

J id group Postanxiety

° Intervention
Vquq bles Intervention
Intervention
Intervention
Intervention
Intervention
Intervention
Intervention
Intervention
Intervention
Control
Contral
Contral
Contral
Contral
Contral

Control

(== T R o T B SO P R L% TR N s T s TR == T = TR & & TR Uy S T S R Y

Control

R R R R R L N U UL R L R R U R CRL R L ]

w

Contral
10 Contral

|d=children identification number; group=treatment intervention and control
Preanxiety= Anxiety score of 10 children before treatment intervention
Postanxiety= Anxiety score of 10 children after treatment intervention
Anxiety score (1=Not at all anxious to 7=extremely anxious)

-

36



Mann-Whitney U test

Research question

« Are there difference in post treatment
anxiety among children who received the
anxiety reduction intfervention (Intfervention
group) and the children who do not receive
the infervention (Conftrol group)<¢



Mann-Whitney U test

Assumption

Data consists of a randomly selected sample of
iIndependent observation from two independent groups

Independent variable is dichotomous

Data of dependent must be continuous and at least
ordinal (If violate also in normally distributed, independent t test)

. Violation of normal distribution

. The population distribution of the dependent variable for

two independent group share a similar unspecified shape
but with a difference in central tendency

(If violate, Median test)



Mann-Whitney U test

o
Assumption
Post treatment anxiety by intervention group  Post treatment anxiety by control group
It Hisi(:g:am ti Histogram
' N=10 1
’ Pos:treatment ansxiety 5 i : :
Posttreatment anxiety
Tests of Normality
Kolmogorov-Smirnov? Shapiro-Will
T'.I.'EES of qroup Statistic df Slg Statistic df Sig.
Fosttreatment anxiety  Intervention 29y 10 013 868 10 04945
Control 349 10 00 735 10 0oz

a. Lilliefors Significance Correction

Significant difference from normal distribution




Mann-Whitney U test

Assumption by two-Sample Kolmogorov-Smirnov Test

Post treatment anxiety by intervention group

Histogram

for group= Intervention

Post treatment anxiety by control group

Histogram

for group= Control

Posttreatment anxiety

Not use independent 1 test

N=10
Posttreatment anxiety
Test Statistics®
Fosttreatment
anxiety

Most Extreme Differences Absolute 600
Fositive 600

Megative 000

Kolmogorov-Smirnov £ 1.342

Asymp. Sig. (2-tailed)

ot normal distributiobut

Shape of distribution of post treatment

anxiety of childre n
and control group fis the same

a. Grouping Variable: Types of group

Not use Median test



Mann-Whitney U test

Result
Report
Fosttreatment anxiety
Types of group ¥ Mean Median std. Deviation
Intervention 10 4.50 5.00 972
Control 10 6.00 7.00 1.491
otat 20 5.25 500 1.446
Test Statistics™
Fosttreatment
anxiety
Mann-Whitney LI 20.000
Significantly difference in post freatment | Wilcoxon W 75.000
anxiety score Z ~2.338
in intervention and control group Asymp. Sig. (2-tailed) Coa D
Exact Sig. [2*(1-tailed 023
S10.]

a. Grouping Variahle: Types of group

b. Mot corrected for ties.

41




Mann-Whitney U test

Data presentation and interpretation

Table: Anxiety scores after treatment among children
in infervention and control group

Anxiety Intervention Control Mann-
scores Whithney
N Mean Median N Mean  Median Zz *pvalue

Post treatment
10 4.5 5 10 6

/= critical value
*The calculated two tailec p value is for Mann-Whithey U test

-2.3 0.019

The result of Mann-Whitney U test indicated that the children in the
anxiety reduction intervention program have significantly lower

median levels of post treatment anxiety than the children in the
control group (pvalue=0.009)



Median test

« |f assumption by two-Sample Kolmogorov-Smirnov
Test does not meet by Mann-Whitney U test is used

No similar shape of distribution of post freatment
anxiety of children in intervention and confrol group.




Nonparametric tests used for comparative study design

Effectiveness of treatment intervention on reducing anxiety level
among children before operation

— Low social group

Post-treatment | | ditference Medium social group

Measure
I High social group
Type of problem Independent sample (>2 levels)
Parametric test One way ANOVA
Nonparametric test Kruskal-Wallis test, Median test

Outcome measure: Anxiety level (1=Not at all anxiety to 7=Extremely anxiety)
Ordinal in measure



Independent sample (>2 levels)
Kruskal-Wallis test

‘ id group Postanxiety | Socialstatus
1 Intervention 5 Loy
Vqria bles 2 Intervention 4 High
3 Intervention 5 Medium
4 Intervention 3 High
5 Intervention 6 Loy
6 Intervention 3 Medium
7 Intervention 5 High
8  Intervention 5 Loy
9 Intervention 4 Medium
10 Intervention 5 Medium
1 Control 3 High
2 Control 4 Medium
3 Control 5 High
4 Control T Loy
5 Control T Medium
6 Control 6 Medium
7 Control T Loy
8 Control T Medium
9 Control T Loy
10 Control T Loy

|d=children identification number; group=treatment intervention and control
Postanxiety= Anxiety score of 10 children after treatment intervention
Socialstatus=Social status in low, medium and high

Anxiety score (1=Not at all anxious to 7=extremely anxious) "



Kruskal-Wallis test

Research question

« Are the differences in the median anxiety
scores among three family social groups
(low, medium and high)e



Kruskal-Wallis test

Assumption

Data consists of a randomly selected sample from
iIndependent groups

Independent variable is nominal with > two levels

Data of dependent must be continuous and at least
ordinal (If violate also in normally distributed, One way ANOVA)

. The population distribution of the dependent variable for

independent group share a similar unspecified shape but

with a difference in central tendency
(If violate, Median test)



Kruskal-Wallis test

Assumption

Post treatment anxiety score in three social group,

Histogram

for Socialstatus= Low

7 Mean = 6.29
Std. Dev. = 951
N=7
-
=
o
c
@
=
o
o
[T
-
0 T T T
45 50 55 60 65 70 75

Posttreatment anxiety

Not use One way ANOVA

ot normal distributioPbut

Shape of distribution of post treatment

anxiety of childre n
and control group fis the same

Not use Median test

Frequency

Medium

Histogram

for Socialstatus= Medium

Mean =513
Stel. Dev. = 1.458
MN=8

==
(L]
c
o
=
=10
-
w
0.5
0o T T T T
3 4 5 6
Posttreatment anxiety
Histogram
for Socialstatus= High
207 Mean = 4
Std. D 1
N=5
1.5
1.0
0.5
oo T T T
25 30 35 4.0 45 50 55

Posttreatment anxiety



Kruskal-Wallis test

Assumption

Tests of Normality
Kolmogorov-Smirnoy® shapiro-Wilk
Social status | Statistic df i Statistic df Sig.
Postreatment anxiety Low 345 012 732 008
Medium 15849 2 930 A16
High 241 200 821 114

* This is a lower bound of the true significance.

a. Lilliefors Significance Correction

Not normally distributed in post treatment anxiety score in
low social status group




Frequencies

Assumption by two-Sample Kolmogorov-Smirnov Test

us M

Fosttreatment anxie Low 7

Medium g

Total 16

Test Statistics™
Fosttreatment
anxiety
Most Extreme Differences  Absolute 375
Fositive ATh
Megative .00o
Kaolmagorov-Smirnoy £ d25
Asymp. Sig. (2-tailed) B70
~—"

a. Grouping Variahle: Social status

Not use One way ANOVA

Shape o
anxiety of childre
and control group fis the same

ot normal distributiop’but

TLD.LD.LEBL&D.LLPH

Istribution of post treatment

Not use Median test

Frequencies
tus M
Posttreatment anxi Low 7
High 4]
Total 12
Test Statistics™
Posttreatmeant
anxiety
Most Extreme Differences  Absolute 14
Positive .0oan
Megative -714
Kaolmogorov-3mirnoy £
Asymp. Sig. (2-tailed) A0z
a. Grouping Variable: Social status o
I
8
5
13
Test Statistics®
Posttreatment
anxiety
Most Extreme Differences  Absolute a7h
Fositive 000
Megative =375
Kolmogorov-Smirnoy £ 50
Asymp. Sig. (2-tailed) .?RB{J;J
Sue”

a. Grouping Wariahle: Social status



Kruskal-Wallis test

Result
Report
Fostireatment anxiety
[ Mean Median std. Deviation
Low 7 6.29 7.00 951
Medium 8 5.13 5.00 1.458
High h 4.00 4.00 1.000
Total 20 5.25 5.00 1.446
Test Statistics®
. : : : N 10
Significantly differences in the median .
anxiety scores among three family Chi-Square 9.879

social groups (low, medium and high)

Cannot tell where is difference?

a. Friedman Test

2

df ,
Asymp. Sig.

51




Kruskal-Wallis test

Data presentation and interpretation

Table: Post treatment anxiety scores of children in different social group

Social status N Mean Median Standard Kruskal-Wallis
deviation

X2  *pvalue

9.8 0.007
Low / 6.3 / 0.9
Medium 8 5.1 5 1.4
High 5 4.0 4 1.0

X?= Chi square value
*The calculated two sided p value is for Kruskal-Wallis test

The result of Kruskal-Wallis tfest indicated that there was a significant
difference among the three social status groups with regard to their
median anxiety levels after intervention(pvalue=0.007)



Post hoc test

* By using Kruskal-Wallis test, we can only
conclude that be at least one difference
among the median anxiety scores among

three family social groups (low, medium and

Nigh)

e Post hoc test will be needed to assess the
direction (location of difference in anxiety
score) among three social status groups

Post freatment anxiety scores
e Low> High social group
 Low>Medium social group
e Medium> High social group




Post hoc test

Mann-Whitney U test

Ranks

Social status B Mean Rank | Sum of Ranks
Fosttreatment anxiety  |Low 7 3.7 61.00

High il 3.40 17.00

Total 12

Test Statistics®
Fosttreatment
anxiety

Mann-Whitney L 2.000
Wilcoxon W 17.000 Significant difference in post
il -2.615 treatment anxiety score
Asymp. Sig. (2-tailed) 09 ) in low and high social status
Exact Sig. [2*(1-tailed 010
Sig.]]

a. Grouping Variable: Social status
b, Mot corrected for ties.



Post hoc test

Mann-Whitney U test

Ranks
Social status I Mean Fank | Sum of Ranks
Fosttreatment anxiety | Low 7 §.93 69.50
Mediu &) 6.31 50.50
Total 15
Test Statistics™
Fosttreatment
anxiety
Mann-Whitney LI 14.500
Wilcoxon W 50.500 No significant difference in
7 1 632 post treatment anxiety score
Asymp. Sig. (2-tailed) @D |r; I?W and medium social
Exact Sig. [2*(1-tailed i SIS
S1.]

a. Grouping Variable: Social status
b, Mot corrected for ties.



Post hoc test

Mann-Whitney U test

Ranks
Social status ¥ Mean Rank | Sum of Ranks
Fosttreatment anxiety | Mediurm g 8.13 65.00
High ] 5.20 26.00
Total 13
Test Statistics™
Fosttreatment
anxiety
Mann-Whitney L 11.000
Wilcoxon W 26.000 No significant difference in
z -1.353 post treatment anxiety score
Asymp. Sig. (2-tailed) (176 ) in medium and high social
Exact Sig. [2*(1-tailed 222 status
510.]

a. Grouping Variable: Social status

b. Mot corrected far ties.




Post hoc test

« Using pvalue < 0.05 as significant level for each
direction ¢

— In Mann-Whitney test , not adjusted for inflated
Type | error created as a result of undertaking
three tests on the same data set

— Pvalue <0.05 as significant level use
For one sided p value for
 Low>high: 0.009/2=0.004 (<0.05 significant level)
e Low>medium:0.103/2=0.051 (>significant level)
e Medium>High:0.176/2=0.088 (> significant level)

*** significant level for anxiety score in low and high
social status groups ***



Post hoc test

Table: Post treatment anxiety scores of children in different social group

Social status N Mean Median Standard Kruskal-Wallis
deviation

X2  *pvalue

9.8 0.007
Low™* 7 6.3 7 0.9
Medium 8 5. 5 1.4
High 5 40 4 1.0

X?= Chi square value

*The calculated two sided p value is for Kruskal-Wallis test
**The calculated one sided p value for significantly different
from high social group, p=0.004 by Mann-Whiteney U tet

The result of Post hoc test by Mann-Whitney U test indicated that there
was a significant higher in the children anxiety in low social group
(Medium=7) to those in high social group (Medium=4) (pvalue=0.004).
No other groups had significant different median anxiety score. o8



Nonparametric tests used for comparative study design

Effectiveness of treatment intervention on reducing anxiety level
among children before operation

Age
(Continuous)

Post-treatment . 4
Measure of association

Measure
— Intervention and control
(Dichotomous)
Type of problem Measure of association
Parametric test Pearsonr
Nonparametric test Spearman’s rho test, Kendall’s

tau test for continuous, Point
Biserial correlation test for
dichotomous

Outcome measure: Anxiety level (1=Not at all anxiety to 7=Extremely anxiety)
Ordinal in measure



Measures of association

The Spearman Rank-Order correlation
coefficien

J id group age Postanxiety
° 1 Intervention 13 5
Vqua bles 2| Intervention 16 4
3 Intervention 15 5

4 Intervention 16 3

5  Intervention 14 6

6 Intervention 16 3

7 Intervention 16 &

8 Intervention 15 5

9 Intervention 14 4

10 Intervention 16 5

1 Control 15 3

2 Control 15 4

3 Control 14 5

4 Control 13 7

5 Control 11 7

6 Control 12 6

7 Control 13 7

8 Control 1 7

9 Control 12 7

10 Control 11 7

ld=children identification number; group=treatment intervention and control
age=Age of children (Years)
Postanxiety= Anxiety score of 10 children after treatment intervention

Anxiety score (1=Not at all anxious to 7=extremely anxious) .



The Spearman Rank-Order correlation
coefficient

Research question

 What is the relationship between children’s
post treatment anxiety and their age@e



The Spearman Rank-Order correlation
coefficient

Assumption

1. The two variables, X and Y are paired observations

2. The two randomly selected variables , X and Y (children’s

post freatment anxiety and age), are contfinuous with at
least an ordinal level of measurement

(If X is normally distributed, Pearson r)

(If violate, esp Y is dichotomous, Rank Biserial correlation test)




The Spearman Rank-Order correlation
coefficient

Age
Result 18 -
16 -
14 - . .
12 - IS
10 -
8 _

L 2K

O N M O
|

Post treatment anxiety score

Figure Relationship between children’s post treatment anxiety and -
their age



The Spearman Rank-Order correlation
coefficient

Result
Correlations
Age of
Fostireatment children
anxiety (fears)
Kendall's tau_hb Fosttreatment anxiety Correlation Coefficient 1.000 -.694!!-
Sig. (2-tailed) . 000
M ._.?_D 20 |
Age of children (Years)  Correlation Coefficient I Direction and Strength
Sig. (2-tailed) ouu : '
M 20
Spearman’'s tho  Posttreatment anxiety Correlation Coefficient 1.000
Sig. (2-tailed) . |
M 20 20
Age of children (Years)  Correlation Coefficient -.81 DH 1.000
Sig. (2-tailed) 000 .
M 20 20

** Correlation is significant atthe 0.01 level (2-tailed).
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The Spearman Rank-Order correlation coefficient
Data presentation and interpretation

Table: Correlation of post treatment anxiety scores and children'’s age

Correlation of Spearman Rank-Order
correlation Coefficient
rs *pvalue
Children’s post -0.810 0.000
treatment anxiety and their
age

rs= Spearman correlation coefficient
*The calculated two sided p value is for the Spearmen Rank-Order correlation

The Spearmen Rank-Order correlation coefficient showed that
children’s post treatment anxiety was negatively associated with
their age. The result of this analysis (r=-0.810, pvalue=0.000)
indicated that children with higher age group were less likely to
have lower post treatment anxiety. The strength of association was

stfrong.



Measures of association

Point biserial correlation test

 |tis used to find the strength of association
of

— Continuous variable (Dependent) and
— Dichotomous variable (Independent)



Parametric test and their non
parametric alternatives

Type of problem

Parametric test

Nonparametric test

Single sample “Goodness of fit”

Kalmogorov- Smirnov

Repeated sample
2 fime periods

> 2 time periods

Paired t test

Repeated
measures
ANOVA (1 x c)

Sign test,
Wilcoxon signed ranks
test

Friedman test

Independent sample

2 levels Independent t tesff Median test,
Mann-Whitney U test
> 2 levels One way ANOVA | Median test,
Kruskal Wallis test
Measure of association Pearsonr Spearman’s rho test,

Kendall's tau test




Summary

Outcome: Ordinal/Rank

Research question Test
Resemble a normal distribution? Kolmogorov-Smirnov One Sample test
Difference from pre to post in the Wilcoxon signed ranks test

repeated samplee
Difference across > two fime periods in  Step 1: Friedman test

the repeated samplee¢ Step 2. Wilcoxon signed ranks test (Post
hoc test)

Difference in two independent Step 1: Assumption by two-Sample

samplee Kolmogorov-Smirnov Test
Step 2. Mann-Whitney U test

Difference in >two independent Step 1: Kruskal-Wallis test

sample? Step 2: Mann-Whitney U test (Post hoc
test)

Measure of association The Spearman Rank-Order correlation

coefficient (For numeric)
Point biserial test (for dichotomous)




