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When Do Paired QoL Data Arise : 
Situation 1

A clinical trial to examine the effects of an 
intervention in 100 patients with Type 2 
diabetes mellitus
Each patient had Beck Depression Inventory 
(BDI)  measured at baseline and 18 weeks after 
treatment.
BDI has 21 items with total score ranging from 
0 (none) to 63 (severe).
Was there a change of BDI score?



18 weeks after 
treatment

Was there a change of BDI score?
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When Do Paired QoL Data Arise : Situation 1



When Do Paired QoL Data Arise : 
Situation 2

A clinical trial to examine the effects of a single 
daily dose of fexcofenadine 120mg on the relief of 
symptoms in patients suffering from allergic rhinitis 
for at least 2 years
Symptom scoresSymptom scores, each rated on a 5-point Likert
scale
(0=Absent; 1=Mild; 2=Moderate; 3=Severe; 4=Very severe)
, were measured at baseline as well as 1 week and 2 
weeks after treatment

Was there a change of symptom score?

~ Li (2001)



Was there a change of symptom score?
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When Do Paired QoL Data Arise : 
Other Situations

1. Test-retest reliability
2. Criterion/Concurrent validity
3. Inter-rater difference

e.g. the questionnaire is not self-administered
4. Difference between different modes of 

administration
e.g. self-completion vs telephone interview

5. Any studies with matching



So, 
What is the Problem?



A Common Characteristic of 
Virtually ALL QoL Measures

Most QoL scores 
are calculated as 
a total or a 
weighted total of a 
set of item 
responses on a 
categorical scale
Therefore, virtually 
all QoL measures 
are discrete

BDI  SF-36 FACT-G 



18 weeks after 
treatment

Only took 18 different values
Indeed, Median = 0 !

Was there a change of BDI score?
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When Do Paired QoL Data Arise : Situation 1

No !
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When Do Paired QoL Data Arise : Situation 2

Was there a change of symptom score?
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Symptom Score (Eye)

Only took 5 different values
Indeed, Median = 0 !

? ? ?  !  !  !

Not in the 2nd week !



So, What is the Problem?

The Problem is due to the zero 
differences (ties)
All the 3 tests: the paired t-test, 
the signed rank test and the 
sign test, when first developed, 
were not prepared for ties

Ties



Anything Wrong with 
Our Methods?

1. Paired t-test
Tests about the mean
Requires normality though may survive in moderate departure 
(Swinscor & Campbell, 2002)

2. Signed rank test
Tests about the median
Requires symmetry
Ties handling procedures rely on asymptotic assumption 
(Lehmann, 1975) but are implemented in software like SAS

3. Sign test
Tests about directional symmetry, i.e. same proportion of +ve
differences and –ve differences (Randles, 2001)
No distributional requirements
Ties are discarded



Do we have a Solution?

Yes !
Two modifications of the sign test for testing 
about the median

1. The modified sign test
Simple to implement

2. The likelihood ratio sign test
Computationally more intensive but more powerful

They are not implemented in any marketed 
software!
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So, Was there a 
Change?

When Do Paired QoL Data Arise : Situation 1

Was there a change of BDI score? No !

Median = 0
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When Do Paired QoL Data Arise : Situation 2

Was there a change of symptom score?
Seems yes, at each week !Not in the 2nd week !



How Better was the 
likelihood ratio sign test (LRT) ?

Not much 
better !

Expected ties proportion 
= 20%

N = 80Proportion of +ve differences – Proportion of –ve differences



How Better was the 
likelihood ratio sign test (LRT) ?

Better !
Difference 
increases with 
the expected 
ties proportion

Expected ties proportion 
= 40%

N = 80Proportion of +ve differences – Proportion of –ve differences



How Better was the 
likelihood ratio sign test (LRT) ?

Not much 
better !
Difference 
decreases with 
the sample size

Expected ties proportion 
= 40%

N = 160Proportion of +ve differences – Proportion of –ve differences



Ideas on Sample Size?
No sample size calculation is currently available
Monte Carlo simulation was used
Need to specify 

1. Ties proportion (p0 )
2. Either

a. d = proportion of +ve differences (p+ ) 
– proportion of –ve differences (p- ); or

b. r = p+ / p-

Median = 0 if and only if | d | ≤
 

p0

Median = 0 if and only if  1-2p0 ≤
 

r ≤
 

1/(1-2p0 )



Sample Size for the 
Likelihood Ratio Sign Test
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Advantage of using the LRT over 
the modified sign test

5% false positive error 

80% power
% sample size reduction 
increases exponentially 
when the sample size 
becomes small
Not too much general 
difference when false 
positive error rate was 
1%, 2% or 10%, or 
power was 90%



Conclusions 
and Recommendations

Ignorance of ties may lead to false positive error
Be sensitive to the presence of ties
Check both the mean and the median for 
potential counter-intuitive results
The likelihood ratio sign test is the preferable
The modified sign test works well in large sample 
size
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