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5. Better alternatives  Big stick design

 Block urn design

4. The reality  Fixed block size

 Varying block size

3. Prediction strategy  Predict w/ certainty

 Predict w/o certainty

2. The myth  No block size no prediction

 No prediction no bias
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Magic Square
(Lo Shu, ~2000 BC)

• 1 to n2 integers

• One number one cell

• Row sum = C

• Column sum = C

• Diagonal sum = C

A B C D

B C D A

C D A B

D A B C

Latin Square
(Euler, ~1782)

• N letters

• One letter one cell

• Each row has all letters

• Each column has all letters

A A B B

A B A B

A B B A

B A A B

Randomized  Block Design
(Ronald A. Fisher, ~1935)

B A B A

B B A A

• M arms

• Each block is balanced

• Permutate sequences

Sudoku
(Howard Garns, 1979)

• 9 rows 9 columns

• 9 3x3 sub squares

• Each row, column, and sub 

square contains each of 

the 9 integers once.



Fisher described a design for potatoes in 1931 
at Rothamsted: 9 blocks of 9 plots each, 
testing 3 levels of nitrogen × 3 levels of potash in 
the field.



The 1948 streptomycin trial for 
pulmonary tuberculosis, run by 
the UK Medical Research 
Council, is widely recognized 
as the first modern randomized 
controlled clinical trial (RCT).

They used a random numbers 
table prepared by statistician 
Austin Bradford Hill.



• Randomization sequences are created 
for each sex-center stratum.

• 7 hospitals, 2 sex category, a total 14 
strata.

• Final distribution: 55 in treatment arm 
and 52 in control arm.

• No detail on how the random numbers 
were drawn. 

• Under simple randomization, the 
chance to have this imbalance is 0.3.



• Formally introduced stratified permuted block 
randomization to clinical trials by Bradford Hill in 1951.
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Permuted Block 
and Selection Bias



Random Block Design - Widely Used
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ICH E9 (1998 guideline)
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5% Simple randomization

25% Random block

18% Fixed block15% Unspecified block

14% Minimization

16% Minimization

7% Unclear



Random Block Design - Definition
ICH E9 (1998 guideline)

Example: 

𝑏ଵ = 2, 𝑏ଶ = 4, 𝑏ଷ = 6. 

𝑤ଵ = 𝑤ଶ = 𝑤ଷ =
ଵ

ଷ
=

Start

Specify size 𝑏௝ and optional weight 𝑤௝ for block 𝑗

Randomly (with weight) select a block size b

Randomly select a permutation block of size b

Need more block

Stop
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Block size

Selection 
Bias Risk 

Score
(SBRS)

Correct
Guess 

Probability
(CG)

Correct
Prediction

Rate
(PR)

PredictionPrediction Method

-0.005644%850%18Assume b=2

0.111164%939%14Assume b=4

0.222283%1033%12Assume b=6

0.1111100%411%4Assume b=8

050%100%Completely Random

𝑆𝐵𝑅𝑆 = 𝑃𝑅 ȉ (2 × 𝐶𝐺 − 1)

Random Block Design 
Example 



Random Block Design - Selection Bias

Interpretation:

1. Poor baseline age balance possibly due to allocation predictability in blocking randomization.

2. Prediction without certainty may occur in trials with random block design. 

Clark et al. performed meta-analysis for the imbalance in baseline age heterogeneity, and observed:

 All trials with blocking: 𝐼ଶ = 24%, 𝑝 = 0.02 → moderate heterogeneity. 

 All trials with fixed block size b = 4: 𝐼ଶ = 62%, 𝑝 = 0.001 → substantial heterogeneity. 

 All trials used varying block sizes: 𝐼ଶ = 40%, 𝑝 = 0.07 → moderate heterogeneity. 

 All trials simple randomization or minimization: 𝐼ଶ = 0% → no heterogeneity. 



Convergent Prediction

……, the convergent prediction, which predicts that treatment 
which has hitherto occurred less often, ……  

David Blackwell, J. L. Hodges Jr. Design for the Control of 
Selection Bias, Ann. Math. Statist. 28(2): 449-460 (June 1957).

For equal allocations, always predict the next assignment be 
the smallest arm.
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(SBRS)
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-0.005644%850%18
Assume

b=2

0.111164%939%14
Assume

b=4

0.222283%1033%12
Assume

b=6

0.1111100%411%4
Assume

b=8

0.361178%1864%23
Convergent
Prediction

𝑆𝐵𝑅𝑆 = 𝑃𝑅 ȉ (2 × 𝐶𝐺 − 1)

Convergent Prediction



Convergent Prediction for Fixed Blocks 

For 2-arm equal allocation trials:

𝑃஺ = Pr (𝑇 = 𝐴), conditional allocation probability

𝐷 = 𝑁஺ − 𝑁஻, treatment imbalance

𝐷𝐴 = 𝐸 𝑃஺ = 0 + 𝐸 𝑃஺ = 1 , deterministic assignments

𝐶𝑅 = 𝐸 𝑃஺ = 0.5 , complete random assignments

𝐶𝐺 = 0.5 + 𝐸( 𝑃஺ − 0.5 ), correct guess probability

𝑆𝐷 = 𝐸(𝐷ଶ), treatment imbalance standard deviation



Treatment 
Imbalance 

(SD)

Selection Bias 
Risk Score

(SBRS)

Correct Guess 
Probability

(CG)

Deterministic
Assignments

(DA)

Complete 
Random

Assignments
Block Size

0.7070.50.750.50.5Fixed b=2

0.93250.41660.70830.33330.4167Fixed b=4

1.08470.36660.68330.250.3667Fixed b=6

1.22580.33220.66610.20.3321Fixed b=8

1.35430.30640.65320.16670.3063Fixed b=10

Convergent Prediction for Fixed Blocks 



Convergent Prediction for Random Blocks 

Definition: 

block size 𝑏௝ and weight 𝑤௝  𝑗 = 1,2, ⋯ , 𝑚 . 

𝐶𝐺௝: correct guess probability for block size 𝑏௝.

𝐶𝐺 =
∑ ௕ೕ௪ೕ஼ீೕ

೘
ೕసభ

∑ ௕ೕ௪ೕ
೘
ೕసభ

, overall correct guess probability.

𝑆𝐵𝑅𝑆 = 2𝐶𝐺 − 1, overall selection bias risk score.

Predictability for random block design is the weighted average of predictabilities of member fixed blocks.



Treatment 
Imbalance 

(SD)

Selection 
Bias Risk 

Score
(SBRS)

Correct 
Guess 

Probability
(CG)

Deterministic
Assignments

(DA)

Complete 
Random

Assignments
Block Size

0.7070.50.750.50.5Fixed b=2

0.93250.41660.70830.33330.4167Fixed b=4

1.08470.36660.68330.250.3667Fixed b=6

1.22580.33220.66610.20.3321Fixed b=8

1.35430.30640.65320.16670.3063Fixed b=10

Convergent Prediction for Random Blocks 

0.86390.44440.72220.38890.4447Varying b=2,4 equal weight

0.98050.40550.70280.31940.4056Varying b=2,4,6 equal weight

1.08530.37620.68810.27170.3762Varying b=2,4,6,8 equal weight

1.02650.38660.69330.28330.3867Varying b=4,6 equal weight

1.11950.36240.68120.26530.3624Varying b=4,6,8 equal weight

1.20860.34240.67120.21790.3424Varying b=4,6,8,10 equal weight



Random Block Design

Conclusion:

Random block design (varying block design) may reduce the 

motivation of allocation prediction for some investigators, it does 

not reduce the risk of selection bias, if convergent prediction is 

used.

there is no theoretical support that the RBD is less predictable 
than the PBD.  

- Shao and Rosenberger



Better Alternatives 
– Big Stick Design



Better Alternatives – Big Stick Design
Soares JF, Wu CF, Some restricted randomization rules in sequential designs. Commun. Stat. 1983; 12:2017-2034.

 𝑝஺ 𝐵𝑆𝐷 = 0.5 − 0.5 × 𝑠𝑖𝑔𝑛 𝑑 × 𝑖𝑛𝑡
𝑑

𝛿

𝑑 : treatment imbalance, 

𝛿 =
௕

ଶ
: maximal tolerated imbalance.

𝑛஺

𝑛஻

𝑂

𝛿

𝛿

𝑛஻ − 𝑛஺ = 𝛿

𝑛஺ − 𝑛஻ = 𝛿

Using complete random assignments by default,

and deterministic assignment to reduce imbalance when it 

reaches the boundary.



Better Alternatives – Block Urn Design



Rosenberger WF, Lachin, JM. Randomization in Clinical Trials Theory and Practice. Wiley: New York, 2002.
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P(A) = 0.50
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Start from a full block of balls in the urn.

Urn Model:
1. Randomly pick a ball from the urn. 
2. Assign subject to the arm of the ball.

Math Model:
1. Calculate P(A) based on urn contents.
2. Get a random number R~U(0,1).
3. T=If(R<P(A),A, B) 

Is the urn empty?
NoYes

R=0.3205

R=0.6743

R=0.8971

R=0.9296

R=0.2408

R=0.0523

Return all balls of a full block when the urn is empty.

The Urn Model for Permuted Block Design



Better Alternatives – Block Urn Design

 𝑝஺ 𝐵𝑈𝐷 = 0.5 − 0.5 ×
𝑑

2𝛿 − 𝑑
= 𝜋𝑟ଶ

Zhao W, Weng Y. Block urn design - a new randomization algorithm for sequential trials with two or more treatments and 

balanced or unbalanced allocation. Contemp Clin Trials. 2011 Nov;32(6):953-61. doi: 10.1016/j.cct.2011.08.004.

pA = 0.50         R = 0.3205

pA = 0.40         R = 0.6743

pA = 0.50         R = 0.8971

pA = 0.60         R = 0.9296

pA = 0.75         R = 0.2408

pA = 0.60         R = 0.0523

A

B

AB

A

B

A

B

B

B

A

A

B
A

A
B

B

A

Permuted Block Randomization: Return 
a whole block of balls when the urn is 
empty.

Block Urn Design:                          
Return a set of balanced balls when it is 
available.



Better Alternatives: Big Stick and Block Urn 

PBD RBD BSD BUD

b=4, MTI=2

50%

60%

70%

PBD RBD BSD BUD

b=6, MTI=3

PBD RBD BSD BUD

b=8, MTI=4

PBD RBD BSD BUD

b=10, MTI=5
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b=4, MTI=2 b=6, MTI=3 b=8, MTI=4 b=10, MTI=5



Trade-off Performance Comparison

• Permuted Block Design
• Random Block Design
• Block Urn Design
• Big Stick Design Conclusion:

The myth about the advantages 

of random blocking is not true.



Actions Required

1. Call for an update of the ICH Guideline (E9)

2. Encourage IRT industry to offer better alternatives to blocking



Questions?


