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Random allocation and dynamic allocation
randomization

Hyun Kang
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University College of Medicine, Seoul, Korea

Random allocation is commonly used in medical researches, and
has become an essential part of designing clinical trials. It produces
comparable groups with regard to known or unknown prognostic
factors, and prevents the selection bias which occurs due to the
arbitrary assignment of subjects to groups. It also provides the
background for statistical testing. Depending on the change in
allocation probability, random allocation is divided into two cate-
gories: fixed allocation randomization and dynamic allocation
randomization. In this paper, the author briefly introduces both the
theory and practice of randomization. The definition, necessity,
principal, significance, and classification of randomization are also
explained. Advantages and disadvantages of each randomization
technique are further discussed. Dynamic allocation randomization
(Adaptive randomization), which is as yet unfamiliar with the
anesthesiologist, is also introduced. Lastly, the methods and pro-
cedures for random sequence generation using Microsoft Excel is
provided. (Anesth Pain Med 2017; 12: 201-212)
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Table 1. Types of Randomization

Fixed allocation randomization
Simple randomization
Blocked randomization
Stratified randomization
Dynamic allocation randomization (Adaptive randomization)
Treatment adaptive randomization
Covariate adaptive randomization
Response adaptive randomization
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Fig. 1. Power curve according to different allocation ratio.
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Sequence Group assignment Trial 1 Trial 2 Trial 3
1 A ] ] ]
2 B
Block 1
3 A
4 B
5 A
6 B
Block 2
7 B
8 A
9 B
10 A
Block 3
11 A v
2 ° v Qg Difference: 1
13 A A6
14 A B'6 Difference: 0
Block 4 v
19 B gg Difference: 2
16 B ' Fig. 2. Example of blocked randomization.
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Table 2. Biased Coin Randomization

Difference in Current Probability of Probability of

Cumber of Subjects Assignment Assignment
between Groups to group A to group B
Na — Ng > d 1—p p
Ne — Na > d p 1—p
—d < Na— Np < d 12 112

Na: number of subjects in group A, Ns: number of subjects in group
B, d: pre-specified threshold for difference in number of subject
between group, p: allocation probability 0 < 12 < p < 1.
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Fig. 3. Probabilities of random allocation in adaptive biased coin ran-
domization.
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g WHE AAm, 5] HRAA o)l glo

v, Aol 604l ol @A} Alzel BAHUGD o}
A wA AZol NYAL sl 23, 27e] Pearson i’
AdE AA EAZFS A o] A% Pearson y? AUE
AR EAS wslere] W AE 1615 7|5 et
A ol Gl 1335, AFelAE 0.3240] A Al

o}7ell Al 7} 2 Pearson x* A{E AR EAFS 1<t
W&ol A9 1.6157} Hr}.

chroz Bl JgAE gl B, 27k Pearson
AT AA A AN o] 7% Pearson y° A=
AR BAFE ndhgke WAL 0875, 7% ¥t
A ol § 0.787, AHAE 13497} 57 Hrk of7]oll
A 713 2 Pearson y° AT AR EAFL AFolA <]
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Table 3. Example of Covariate Adaptive Randomization

Group A Group B
Hypertension Yes (n) 3 4
No (n) 9 4
Airway Anomaly  Yes (n) 2 3
No (n) 10 5
Age (yr) < 40 (n) 4 2
40 < < 60 (n) 5 2
60 < (n) 3 3

n: number of subjects.
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A A At wAe] el J ¥ o 34 AE =
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Table 4. Example of Play the Winner Rule

Subject 2 3 4 5 6 7 8 9 10
sequence

Group A S S F S F S S
Group B F S F

S: success, F: fail.
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207 9] AL A, B F MY Foll & T wiA S
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209 JGAZ A, B F A Foll ¥F 27 4, g
g wE A age wdm AgeA. A
Excel AZFSAEE A3 A Al Bl, Cl, Diol] HeZ=&

Sequence, Random number, Block¥®} Groups Z+7Z+ & gic}.

O

distribution)l’nl—”c drs Add gfe® o ¥ Sequence ¢l A A20ll4] A2174A = 13E] 207479 &
=IF(B2>0.5,"B","A"S 43l IF d<e 244 vl 2 FANE Y™sla, Block 28 A C2o4 C217HA & 1044
A olgel thE AdE 2% £ ARF dFE B2, vhAY £F e dEstel Uk AAl 2099 SR
A B C

S B c T B o B B e E T e

1 Sequenc 1 Sequenc Random number Group ‘Sequenc  Random number Group Sequenc Random nGroup

2 1 I 0.943842252 8 | 2 1 0.554937877 B 1 0930629169 B 1 0554938 B

3 2 3 2 0.660236823 B 2 0877119118 8 2 06692378

4 3 ‘ 4 3 0.285542013 A 3 0.510275423 & 3 0.285542 A

5 4 5 4 0.626030694 B 4 0.819844269 & 4 0.6260318

6 5 6 5 0.021449565 A s 0256922952 A 5 002145 A

7 6 ¥ 6 0641653991 B 6 0.84302643 B 6 0.641654 B

8 7 8 7 0.49598501 A 7 0.85156903 B 7 0495985 A

2 8 9 8 0576518169 B 8 0.04D01748 A 8 05765188

10 2 10 9 0520448734 6 9 0677144298 8 9 0.520449 B

i 10 1 10 0189032055 A 10 02164025134 10 0189032 A

i n 12 1 0259817275 A 1 0.576248384 B 11 0259817 A

::. :g 13 12 07636052948 12 039406334 A 12 0.763605 B

- . 14 13 0.169108053 A 13 0.470454871 A 13 0.169108 A

i = 15 14 0.47454076 A 14 0.001342601 A 14 0474541 A

& e 16 15 0.257620589 A 15 0.753451468 B 15 0.257621 A

18 17 i 16 0208035499 A 16 0.89443635 B 16 0.208035 A

s i 18 17 0.004369981 A 17 0.840938989 B 17 0.00437 A

g = 19 18 09632261198 18 0652990174 B 18 0963226 B

£ 2 20 19 0071753174 A 19 0320466754 A 19 0071753 A

« <% W Sheet! Sheet? Shestaza’| |2 oy SUROR LA SO O < L

Fig. 4. Example of simple randomization using Excel software.
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A B C
A B i D A B [ D d A B e D
1 Sequenc Random nBlock Group 1 Sequenc Randor v Block = Group v ||| 1 Sequenc Randor = Black .1 Group =
2 1 0.822597 1A 2 1 0.82259 1A 2 1 0432748 18
3 2 0965533 2A =k 2 0.96553 2 A 3 2 0.383493 1A
4 3 0.232836 3A 4 3 0232836 3A 4 3 0274375 18
5 4 0.812795 4 A = 4 0812795 4 A 5 4 0357184 1A
6 5 0312928 S5A 6 5 0312928 SA [ 5 0410084 2A
7 6 0711167 1A i 6 0.7111167 1A 7 6 0.537549 28
8 7 0.254918 2A 8 7 0254918 2A 8 7 0.348666 2B
9 § 0.583661 3A 9 8 0583661 3A 9 8 0.343406 2A
10 9 0470501 4A 10 9 0.470501 4A 10 9 0.158693 38
1 10 0018263 SA 11 10 0.018263 5A 11 10 0.329389 3IA
12 11 0400821 1B 12 11 0400821 1B 12 11 0.810391 3B
13 12 0415053 2B 13 12 0415053 2B 13 12 0.794981 3A
14 13 0.059332 3B 14 13 0059332 3B 14 13 0.1047 4 A
15 14 0667854 48 15 14 0667854 48 15 14 0.130689 48
16 15 0233518 SB 16 15 0.233518 58 16 15 0.400515 4A
17 16 0.766071 18 1 16 0.766071 1B 17 16 0.708018 48
18 17 0.501598 2B 18 17 0.501598 2B 18 17 0.534213 5A
19 18 040847 3B 19 18 040847 3B 19 18 0.983674 58
20 19 0821559 4B 20 19 0821559 48 20 19 0.148675 5A Fig. 5. Example of blocked randomization
21 20 080666 5g 21 20 0.80666 58 21 20 092947 58 (fixed block size) using Excel software.
A B Cc D
o c D (s H | 1 K G H i ] K G H 1 1 [4
1 Sequenc Randomi Random2 Block Group q Random1 Randem? Block Group Sequenc Random? Random? Block Group Sequenc  Randor, 1 Randor » Block  » Group =
2 1 0648179 2 A 1 0648179 2A 1 0648179 0376286 2A 1 0324378 0.854228 8B
3 2 28 2 0648179 2B 2 DE4B1TS 0408138 2B 2 0324378 0995666 BA
4 3 0398179 4 A 3 0398179 4A 3 0398179 0.104706 an 3 0324378 0898323 BA
5 4 4 A 4 0398179 4 A 4 0396172 0.908121 48 4 0324378 0857627 BB
& 5 4B 5 0398179 4B 5 0398179 0.031705 4B 5 0324378 013745 8B
7 6 4B 6 0.398179 4B 6 0398179 0893411 48 6 0324378 0951046 88
8 7 0988705 6A 7 0.988705 6A 7 0986705 0.316042 A 7 0324378 02151711 BA
9 8 [ 8 0.988705 6A 8 0.986705 0.051457 [ & 0324378 0.566181 BA
10 9 6 A 9 0.988705 6A 9 0988705 0.503009 6A 9 0398179 0.74916 4A
11 10 68 10 0988705 6B 10 0988705 0.009125 68 10 0.398179 0.460151 4B
12 11 6B i1 0988705 6B 11 0SBETOS 0208657 6B 11 0398173 026244 4B
13 12 68 12 0988705 6B 12 0SBETOS 005B97 68 12 0398173 0.939425 4A
14 13 0324378 8 A 13 0324378 BA 13 0324378 0272816 BA 13 0648173 0487385 2B
15 14 BA 14 0324378 BA 14 0324378 0917229 BA 14 0648179 048018 24
16 15 BA 15 0:324378 BA 15 0324378 0.092493 8A 15 0.988705 0.870057 6A
17 15 BA 16 0,324378 BA 16 0324378 0.993303 BA 16 0.988705 0451758 64
18 17 8B 17 0324378 BB 17 0324378 0821358 8B 17 0.988705 0.800654 68
19 8 8B 18 0324378 BB 18 0324378 0609626 L1 18 0988705 0.098917 68
20 19 8B 19 0324378 BE 19 0324378 0345912 8B 19 0988705 016163 6B
21 20 88 20 0324378 8e 20 0324378 0.827839 a8 20 0986705 012081 )
Fig. 6. Example of blocked randomization (randomized block size) using Excel software.
EL) ER = 2~ R A=) [
E e r 55 377} 49 miZ S Algslag 164 57t vpeh vt vk g glomg ddsle] Fo{gr]-ghe o
2~ 2] H =2 3] ) >
A9 S WY BEe £ vk vATOR Gowp  S3to] Ak
=
A<l 4l D20llA D2174Ale A 1070, B 10715 °]olA ¥ . oo o 9 b= S
_-_]_ ° 0 /ﬂ] _-_]_ PN o o] —%3_7]_‘2] TZ}H H’H%E %‘?—?— E%‘ _]-'r] HH%
gk oz 4 BrelA BarbAelE #4 = rand)g 9 Fie. &
] 18.
Heheh 22w Fig 5AS % AZA=AES TE £ Q)
o) =] el] 3] &L0 2 =
. teo welZ BlolA DIZFA Edlzete] Adlel, AuAge oA 7] A 2R =7)ol T
= 35 35 ) . () A~ =
+44 9 Ze-FeE Auddh a2y Fg 5BYE 7ol A A& & ek 2089 A¥AE A, B F A T
o 2= . |5} = 3] =)
Heldde] e 2a% vl AVl AL & 4 Aok ol AN 1019 BE TAY e doha AP 2
of7]ol|A] B29] ~3E wbE FE3 ¥ eE8x Ade A dlellAl &5 Z71< 2, 4, 6, 85 A& ol
gt} oo g o ~A3E ulE Fe3l & o=xs A Mz ¥l Excel 2ZHZAES A3, A Al Bl Cl, DI,
H& Aeskd. z2e]W Fig 5CoF 7L shHS AT & Eloll W22 2 Sequence, Randoml, Random 2, Block, Group
gt of7ellA PR} BA == A (sequence)oll v} & 77+ g3t Fig. 5A9 20| Sequence Gl A A2¢]
T g gop) e AN, BHL 164 A BEel A mAAdE 1¥E 0AAe £F AUz Qe
B5 Z77F 4oleke Ae ¢ 5 Avk & FAS] aiAell Block 4] A C20ll4] C217HAell= 25 27M, 45 47M, 65
Ask el B% = ok AEAEAES JAOIED wl ol 8% 8 LAY Qe oldlA % FAE BF
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