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Randomization is a fundamental methodological principle of clinical trials in which participants are allocated to 
intervention groups using a process involving chance. Its principal purpose is to prevent systematic differences 
between treatment groups and thereby reduce selection bias and confounding, allowing differences in outcomes to be 
more confidently attributed to the interventions being evaluated. Types of randomization include block, stratified, 
factorial, covariate-adaptive, minimization, restricted, response-adaptive and Cluster randomization. This narrative 
review discusses the rationale, principles, methods, implementation, ethical considerations, advantages and limitations 
of randomization in clinical trials. Literature was identified through relevant methodological publications, clinical trial 
guidance documents, textbooks and biomedical literature, with emphasis on methodological developments and 
practical application. The findings were synthesized narratively according to the purpose and practical application of 
different randomization methods. Properly designed and implemented randomization remains central to the validity, 
credibility and ethical conduct of randomized clinical trials.
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INTRODUCTION
Randomized controlled trials (RCTs) are among the most 
reliable study designs for evaluating the efficacy and 
e f f ec t iveness  o f  heal thcare  in ter vent ions . T heir 
methodological strength arises substantially from the random 
allocation of eligible participants to different intervention 

1,2,3groups.  Randomization is a statistical procedure in which 
assignment to treatment groups is determined by chance 
rather than by the preferences of investigators, participants or 
clinicians. Thus, each participant has a specified probability 

4,5,6of receiving each intervention.

The development of randomization in experimental research 
is strongly associated with Ronald A. Fisher and his work on 

7the principles of experimental design.  A landmark 
application in clinical research was the Medical Research 
Council trial of streptomycin for pulmonary tuberculosis, 
reported in 1948 under the direction of Austin Bradford Hill. 
Patients were allocated to streptomycin plus bed rest or bed 
rest alone, providing an important early demonstration of the 
value of randomized controlled comparison in clinical 

8research.

The fundamental objective of randomization is to prevent 
systematic differences in prognosis from influencing 
treatment assignment. Proper randomization tends, on 
average, to distribute both measured and unmeasured 
prognostic characteristics between treatment groups. 
Consequently, treatment allocation becomes independent of 

2,3,9characteristics that could otherwise influence the outcome.
Randomization also provides the foundation for probability-
based statistical inference. Because the treatment assignment 
mechanism is determined by chance, statistical methods can 
estimate the probability that an observed difference between 

10,11treatment groups could have occurred by chance.

However, randomization should not be considered 
synonymous with allocation concealment or blinding. 
Random sequence generation determines how assignments 
are produced, whereas allocation concealment prevents 
investigators and recruiters from knowing the upcoming 
assignment before participant enrolment. Blinding concerns 
knowledge of treatment allocation after assignment. These 
are distinct methodological safeguards and should be 

4addressed separately.

METHODOLOGY
Relevant  l i terature  Searches  were conducted in 
PubMed/MEDLINE, Scopus, Web of Science and Google 

Scholar with search terms including randomization, 
randomized clinical trial, allocation concealment, block 
randomization, stratified randomization, minimization, 
covariate-adaptive randomization, cluster randomization and 
re s p o n s e - a d a p t i v e  r a n d o m i z a t i o n . Te x t b o o k s , 
methodological reviews, clinical trial reporting guidance and 
relevant primary publications were considered.

Sources were selected when they provided information 
re ga rd i n g  t h e  p r i n c i p l e s , s t a t i s t i c a l  ra t i o n a l e , 
implementat ion, advantages, l imi ta t ions, e thical 
considerations or reporting of randomization. Particular 
attention was given to contemporary literature addressing 
a l l o c a t i o n  c o n c e a l m e n t , m i n i m i z a t i o n , a d a p t ive 
randomization and cluster-randomized trials. The information 
was extracted and synthesized narratively according to the 
purpose and practical application of each method.

WHY IS RANDOMIZATION NECESSARY?
The major purpose of randomization is to produce 
comparable intervention groups at baseline and reduce 
selection bias. If treatment allocation is determined by 
investigators or participants, individuals with particular 
characteristics may preferentially receive one intervention. 
Such systematic differences can confound the relationship 

2 between treatment and outcome. Randomization reduces this 
problem by making treatment allocation unpredictable. 
When properly implemented, it tends to distribute known and 
unknown prognostic factors between groups. This is one of 
the major reasons randomization is considered a cornerstone 

2,3of the randomized clinical trial.

Consider a trial evaluating a new drug for hypertension. If 
younger participants are preferentially allocated to the 
intervention group and older participants to the control 
group, a greater reduction in blood pressure in the 
intervention group may reflect age-related differences rather 
than the treatment effect. Randomization reduces the 
likelihood of such systematic imbalance.

Randomization also provides a statistical basis for inference. 
Because the treatment allocation mechanism is known, the 
probability of obtaining the observed difference, or a more 
extreme difference, under the randomization distribution can 

7be evaluated.

Importantly, randomization does not guarantee that treatment 
groups will be identical at baseline. Chance imbalances can 
occur, particularly in small studies. Therefore, baseline 
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balance should be regarded as a probabilistic consequence 
5of randomization rather than an absolute requirement.

METHODS OF RANDOMIZATION
1. SIMPLE RANDOMIZATION
Simple randomization is the most basic method of treatment 
allocation. It uses a single random sequence, with each 
participant having a specified probability of assignment to 

1,2 each treatment group. For a two-arm trial with a 1:1 
allocation ratio, computer-generated random numbers can 
be used to assign participants to intervention A or 

 intervention B. The principal advantage of simple 
randomization is its unpredictability. It is straightforward to 

2 implement and is particularly suitable for large clinical trials.
However, in small studies, simple randomization may produce 
unequal numbers of participants between treatment groups 
and may result in chance imbalance in important prognostic 

9,10 factors. Therefore, although simple randomization is 
statistically attractive because of its unpredictability, 
investigators may choose restricted methods when 
maintaining numerical or prognostic balance is particularly 

11important.

FIG 1: SIMPLE RANDOMIZATION

BLOCK RANDOMIZATION
Block randomization is a restricted randomization method 
designed to maintain approximate balance in the number of 
participants assigned to each treatment group throughout 

9,10,11recruitment.

For a two-group trial using blocks of four, each block contains 
two assignments to intervention A and two to intervention B. 
The order within each block is randomized. Possible 
sequences include AABB, ABAB, ABBA, BAAB, BABA and 

9BBAA.

Block randomization is useful when the sample size is small or 
moderate, recruitment occurs over a prolonged period, equal 
numbers between groups are desirable and several centres 
are recruiting participants. The major disadvantage is 
predictability when a fixed block size is known. For example, 
if three assignments within a block of four are known, the 
fourth assignment can be predicted. Such predictability can 
compromise allocation concealment and introduce selection 
bias. Variable block sizes can therefore be used to reduce 
predictability. The block size should also remain concealed 
from investigators involved in recruitment.

FIG 2: BLOCK RANDOMIZATION

STRATIFIED RANDOMIZATION
Stratified randomization is used when specific baseline 
characteristics are expected to have an important influence 
on treatment outcome. Participants are first classified into 
strata according to selected prognostic factors, and 
randomization is then performed separately within each 

12stratum.

A clinical trial could stratify participants according to sex, 
disease severity, age category, treatment centre and baseline 
disease status.

The principal purpose is to reduce imbalance in important 
known prognostic factors. Stratification may be particularly 
useful in small clinical trials, where chance imbalances can 
have a substantial influence on the observed treatment effect.
A major limitation is increasing complexity when many 
prognostic factors are included. If two binary variables and 
one three-level variable are used, they may generate 2 × 2 × 3 
= 12 possible strata. Some strata may then contain very few 
participants. Therefore, select only clinically important 
prognostic factors.

FIG 3: STRATIFIED RANDOMIZATION

FACTORIAL RANDOMIZATION
A factorial design allows investigators to evaluate two or more 

9interventions or factors simultaneously.

For example, a 2 × 2 factorial trials may evaluate intervention 
A and intervention B simultaneously. Participants can be 
assigned to:
1. A + B
2. A + no B
3. no A + B
4. no A + no B.

This approach can improve efficiency because it allows 
researchers to obtain information about more than one 
intervention within a single study population. However, 
factorial designs require careful consideration of possible 
interactions between interventions. If the effects of one 
intervention depend substantially on the presence or 
absence of the other, interpretation becomes more complex.

FIG 4: FACTORIAL RANDOMIZATION

COVARIATE-ADAPTIVE RANDOMIZATION
Covariate-adaptive randomization uses information about 
participants' baseline characteristics and previous treatment 

5,13 assignments when allocating subsequent participants. The 
objective is to reduce imbalance in important prognostic 
covariates between treatment groups. For example, suppose 
that after several participants have been enrolled, one group 
contains considerably more participants with severe disease 
than the other. A covariate-adaptive procedure may increase 
the probability that a subsequent participant with severe 
disease is allocated to the other group. This method can be 
advantageous in small and moderate-sized studies where 
imbalance in important prognostic factors may influence 
interpretation. However, it is more complex than simple 
randomization and requires prespecified algorithms and 

5appropriate statistical expertise.

FIG 5: COVARIATE ADAPTIVE RANDOMIZATION
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MINIMIZATION
Minimization is a covariate-adaptive method developed to 
achieve balance across selected prognostic characteristics. 

14 The method was originally described by Taves in 1974. The 
first participant may be allocated using a random procedure. 
For subsequent participants, the treatment assignment is 
selected according to which allocation would result in the 

15,16 greatest overall balance in specified prognostic factors.
Potential factors may include age, sex, disease severity, 
smoking status, socioeconomic status and recruitment centre.
Minimization can be particularly useful when a trial has a 
moderate sample size, several important prognostic factors 
or multiple centres. A recent methodological evaluation 
concluded that minimization can be useful particularly when 
there are several major prognostic factors, multiple centres of 

5 different sizes or moderate sample sizes. However, because 
minimization can make future assignments more predictable 
than simple randomization, it should include an appropriate 
random element and must be implemented with strong 
allocation concealment. 

FIG 6: MINIMIZATION RANDOMIZATION

CLUSTER RANDOMIZATION
In a cluster-randomized trial, groups rather than individual 
participants are randomly allocated. Clusters include 
schools, dental clinics, hospitals, villages, communities and 
healthcare practices. Cluster randomization is appropriate 
when the intervention is delivered at the group level or when 
individual randomization would result in substantial 

17,18,19contamination between participants.

For example, if an oral-health education programme is 
delivered to an entire school, individual randomization of 
children within the same school could result in information 

20,21 sharing between the groups among children. Randomizing 
schools rather than individual children may therefore be 
more appropriate. However, individuals within the same 
cluster tend to have correlated outcomes. This correlation is 
measured using the intracluster correlation coefficient (ICC). 
Because of this clustering, the effective sample size is smaller 
than the total number of individuals, and sample-size 

22,23calculations must account for the design effect.

The design effect can be expressed as: Design effect = 1 + (m 
− 1) ρ where m is the average cluster size, and ρ is the 
intracluster correlation coefficient.  Cluster trials therefore 
require appropriate sample-size calculations and statistical 
analyses that account for clustering.

 

FIG 7: CLUSTER RANDOMIZATION

RESPONSE-ADAPTIVE RANDOMIZATION
Response-adaptive randomization modifies allocation 
probabilit ies according to accumulating outcome 
information. Thus, unlike fixed randomization, the probability 
of assigning a participant to a treatment can change during 

5the trial according to observed responses.

One historical approach is the randomized play-the-winner 
rule, introduced by Wei and Durham. Under this approach, 
successful treatment responses can increase the probability 

 that subsequent participants receive the same treatment.The 
potential ethical rationale is that more participants may be 
assigned to treatments showing better responses. However, 
response-adaptive procedures involve substantial statistical 
complexity. Important considerations include the timing of 
outcome assessment, delayed responses, time trends, 
missing data, sample-size imbalance, statistical power, 

6,7 control of type I error and operational implementation.
Recent literature indicates renewed interest in response-
adaptive randomization, particularly within adaptive and 
platform trials, but its practical implementation remains 
limited, and reporting is often incomplete. Therefore, 
response-adaptive randomization should be prespecified 
and evaluated through appropriate statistical methods and 

24,25simulation before implementation.
 

FIG 8: RESPONSE ADAPTIVE RANDOMIZATION

TA B L E  1 : S E L E C T I O N  O F  A N  A P P RO P R I AT E 
RANDOMIZATION METHOD

No single randomization method is universally superior. The 
selection should depend on sample size, number of treatment 
groups, recruitment pattern, number of centres, prognostic 
factors and whether the intervention is delivered individually 
or at cluster level. 

The selected randomization method should be specified 
before recruitment begins and incorporated into the trial 
protocol.

ETHICAL CONSIDERATIONS OF RANDOMIZATION
Randomization raises an important ethical question: should a 
participant's treatment be determined by chance rather than 
individual clinical judgement?

The ethical basis for randomization is clinical equipoise, 
referring to genuine uncertainty regarding which 
intervention is superior. Randomization is ethically 
defensible when there is sufficient uncertainty about the 

Study situation
Potentially appropriate 
method

Large, parallel two-arm trial Simple randomization

Need for numerical balance 
during recruitment

Block randomization

Small trial with important 
prognostic variables

Stratified randomization

Several interventions 
evaluated simultaneously

Factorial design

Multiple prognostic variables 
requiring balance

Covariate-adaptive 
randomization/minimization

Allocation influenced by 
accumulating outcome 
information

Response-adaptive 
randomization

Intervention delivered to 
groups or communities

Cluster randomization
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comparative benefits and risks of the interventions being 
studied. Participants should receive adequate information 
regarding the purpose of the study, the interventions, 
potential benefits and risks, the possibility of receiving the 
comparator or placebo, available alternatives and the right to 
withdraw.

Randomization should not be used when evidence clearly 
establishes that one intervention is superior or when 
allocation would expose participants to unacceptable harm. 
Clinical trials also involve a balance between individual and 
collective ethics. Participants may contribute time, effort, 
travel and undergo additional examinations without a 
guarantee of personal benefit. Nevertheless, reliable 
randomized evidence can benefit future patients. Therefore, 
scientifically inadequate randomization may itself be 
ethically problematic because participants may be exposed 

5to research burdens without generating reliable knowledge.

25ADVANTAGES OF RANDOMIZATION
1. Reduction of selection bias, 2. Reduction of confounding, 3. 
Basis for statistical inference, 4. Strengthening causal 
inference, 5. Protection against investigator preference and 6. 
Increased credibility However, randomization cannot 
eliminate all sources of bias. Problems can still arise from 
poor allocation concealment, deviations from assigned 
interventions, loss to follow-up, outcome assessment and 
selective reporting.

25LIMITATIONS
1. Simple randomization may produce unequal group sizes in 
small studies. 
2. Complex methods such as minimization and response-
adaptive randomization require statistical expertise and 
careful planning.
3. Ethical considerations may prevent randomization when 
there is strong evidence that one intervention is superior or 
harmful.
4. Cluster-randomized trials require larger sample sizes and 
more complex analyses because observations within clusters 
are correlated.
5. Inadequate reporting of the randomization process can 
make it difficult for readers and reviewers to determine 
whether a trial is at risk of selection bias.

CONCLUSION
Randomization is a cornerstone of high-quality clinical trial 
methodology. Its primary contribution is to prevent 
predictable treatment allocation and reduce systematic 
dif ferences between intervention groups, thereby 
strengthening causal  inf erence. The appropr iate 
randomization strategy should be selected according to the 
study question, sample size, prognostic factors, recruitment 
structure and intervention characteristics. Ultimately, 
randomization is both a statistical and ethical safeguard. A 
properly designed and transparently reported randomization 
procedure improves the credibility of clinical research and 
helps ensure that the risks undertaken by research 
participants result in scientifically reliable knowledge.
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