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1 Introduction

Assume 𝑋1, … , 𝑋𝑛 ∼ 𝑁(𝜇1, 𝜎
2), 𝑌1, … , 𝑌𝑛 ∼ 𝑁(𝜇2, 𝜎

2).
We aim to determine the optimal sample size for testing 𝑯𝟎: 𝝁𝟏 = 𝝁𝟐
in a two-sample setting. The test should control the type I error rate 

at level 𝜶, and achieve power 𝟏 − 𝜷 for detecting the prespecified 

treatment difference 𝜹𝒂. 

Fixed-sample design: we calculate the optimal sample size for each 

group

𝒏𝒓𝒆𝒒 = 𝒗𝝈𝟐

where 𝑣 =
2

𝛿𝑎
2 Φ−1 1 − 𝛼 +Φ−1 1 − 𝛽

2
.
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Remarks:

• In practice, the 

true value 𝝈𝟐 is 

unknown.



• Notice that 𝑁 will be stopped when the stopping rule ො𝜎𝑛
2 ≤ 𝑛/𝑣 is met. 

• We monitor the variance for each 𝑛 until the stopping rule is met. 

Sequential procedure:
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Friede, T., & Miller, F. (2012). Blinded continuous monitoring of nuisance parameters in clinical trials. Journal of the Royal 

Statistical Society Series C: Applied Statistics, 61(4), 601-618.

Motivated by the expression of 𝑛𝑟𝑒𝑞 for known 𝜎2, Friede and Miller (2012) 

suggested the following sequential procedure. 

Let 

𝑁 = min{𝑛 = 𝑛1, 𝑛1 + 1,… | ො𝜎𝑛
2 ≤ 𝑛/𝑣}

where 𝑛1 is the initial value and 𝑣 =
2

𝛿𝑎
2 Φ−1 1 − 𝛼 + Φ−1 1 − 𝛽

2
.
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Friede and Miller (2012) 

Journal of the Royal 

Statistical Society, Series C 

(Applied Statistics)

𝑁 = min{𝑛 = 𝑛1, 𝑛1 + 1,… | ො𝜎𝑛
2 ≤ 𝑛/𝑣} where 𝑛1 is the initial value and 𝑣 =

2

𝛿𝑎
2 Φ−1 1 − 𝛼 + Φ−1 1 − 𝛽

2



• Potential advantages: Stopping trials early, Fewer patient recruited 

Sequential procedure:
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• Potential advantages: Stopping trials early, Fewer patient recruited 

How to choose variance estimator ො𝜎𝑛
2 ?

Sequential procedure:
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2 Unblinded and blinded variance estimator

Unblind                         Blind

Pair 1             (𝑋1, 𝑌1)                        (𝑍1, 𝑍2)

Pair 2             (𝑋2, 𝑌2)                        (𝑍3, 𝑍4)

Pair 3             (𝑋3, 𝑌3)                        (𝑍5, 𝑍6)

…                      …                                …

…                      …                                …

Pair 𝑛 (𝑋𝑛, 𝑌𝑛)                        (𝑍2𝑛−1, 𝑍2𝑛)

with incorporating information 

about treatment assignment

without incorporating information 

about treatment assignment

𝑋𝑖: from treatment group

𝑌𝑖: from control group

Assume 𝑋1, … , 𝑋𝑛 ∼ 𝑁(𝜇1, 𝜎
2), 𝑌1, … , 𝑌𝑛 ∼ 𝑁(𝜇2, 𝜎

2). 
For simplicity, we assume here that the observations in the study are made in blocks of two, 

i.e. we observe patients in pairs (𝑋𝑖 , 𝑌𝑖), always one with treatment group and one with 

control group. 

For convenience, denote 𝒁 = 𝑍1, … , 𝑍2𝑛 = (𝑋1, 𝑌1, … , 𝑋𝑛, 𝑌𝑛) as blinded sample. Let ത𝑋 =
(σ𝑖=1

𝑛 𝑋𝑖)/𝑛, ത𝑌 = (σ𝑖=1
𝑛 𝑌𝑖)/𝑛. Denote ҧ𝑍 = σ𝑖=1

𝑛 (𝑋𝑖 + 𝑌𝑖)/(2𝑛) = ( ത𝑋 + ത𝑌)/2.



without incorporating information about treatment assignment
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2 Unblinded and blinded variance estimator

View these data 

as one-sample
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without incorporating information about treatment assignment

with incorporating information about treatment assignment

Unbiased estimator 

Biased estimator 

Chi-squared distribution

Noncentral chi-squared distribution

• Comparison

For more statistical properties, the readers can refer to 

Friede and Kieser (2013) Pharmaceutical Statistics

Consistent estimator



13Unblinded continuous monitoring Blinded continuous monitoring

Background

𝑁 = min{𝑛 = 𝑛1, 𝑛1 + 1,… | ො𝜎𝑛
2 ≤ 𝑛/𝑣} where 𝑛1 is the initial value and 𝑣 =

2

𝛿𝑎
2 Φ−1 1 − 𝛼 + Φ−1 1 − 𝛽

2

Friede, T., & Miller, F. (2012). Blinded continuous monitoring of nuisance parameters in clinical trials. Journal of the Royal 

Statistical Society Series C: Applied Statistics, 61(4), 601-618.
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3 Asymptotic and finite-sample properties 

Blinded continuous monitoring:   
𝑁𝑏 = min{𝑛 = 𝑛1, 𝑛1 + 1,… | ො𝜎𝑛,𝑏𝑙𝑖𝑛𝑑

2 ≤ 𝑛/𝑣}

where 𝑛1 is the initial value and 𝑣 =
2

𝛿𝑎
2 Φ−1 1 − 𝛼 +Φ−1 1 − 𝛽

2

Fixed-sample design: 𝒏𝒓𝒆𝒒 = 𝒗𝝈𝟐

Properties of 𝑵𝒃:
⚫ Finite-sample results

⚫ Asymptotic results

◼𝑣 → ∞: Keep 𝛼 and 𝛽 fixed, it means that 𝛿𝑎 → 0 (The parameter under the 

alternative hypothesis is chosen to be as close as possible to that under the null 

hypothesis.)

◼𝜎 → ∞: Infinite variance 
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Finite-sample properties

Upper bound

Blinded continuous monitoring:   𝑵𝒃 = 𝐦𝐢𝐧{𝒏 = 𝒏𝟏, 𝒏𝟏 + 𝟏,… |ෝ𝝈𝒏,𝒃𝒍𝒊𝒏𝒅
𝟐 ≤ 𝒏/𝒗}

where 𝒏𝟏 is the initial value and 𝒗 =
𝟐

𝜹𝒂
𝟐 𝜱−𝟏 𝟏 − 𝜶 +𝜱−𝟏 𝟏 − 𝜷

𝟐
.

Fixed-sample design: 𝒏𝒓𝒆𝒒 = 𝒗𝝈𝟐



Asymptotic results
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Simulation

⚫ Unblinded continuous monitoring:   

𝑵𝒖 = 𝐦𝐢𝐧{𝒏 = 𝒏𝟏, 𝒏𝟏 + 𝟏,… |ෝ𝝈𝒏,𝒖𝒏𝒃𝒍𝒊𝒏𝒅
𝟐 ≤ 𝒏/𝒗}
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𝟐
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𝟐 𝜱−𝟏 𝟏 − 𝜶 +𝜱−𝟏 𝟏 − 𝜷

𝟐
.

⚫ Blinded continuous monitoring:   

𝑵𝒃 = 𝐦𝐢𝐧{𝒏 = 𝒏𝟏, 𝒏𝟏 + 𝟏,… |ෝ𝝈𝒏,𝒃𝒍𝒊𝒏𝒅
𝟐 ≤ 𝒏/𝒗}

where 𝒏𝟏 is the initial value and 𝒗 =
𝟐

𝜹𝒂
𝟐 𝜱−𝟏 𝟏 − 𝜶 +𝜱−𝟏 𝟏 − 𝜷

𝟐
.

⚫ Fixed-sample design: 𝒏𝒓𝒆𝒒 = 𝒗𝝈𝟐
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Simulation
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Simulation
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Thank you for your attention!

Xu, L. H., & Friede, T. (2025). A note on 

blinded continuous monitoring for continuous 

outcomes. Statistics & Probability Letters, 

110575.
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