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overlap_coef Bhattacharyya overlap coefficient for propensity score distributions
Description

Two calling conventions are provided:

From propensity scores (empirical): Supply ps and Z. The empirical formula is

»_ E[ye(l—e)]
= r(1—r)

where r = E[Z]. This is the sample mean of \/¢e;(1 — e;) divided by /7(1 — 7).

From Beta parameters (analytical): Supply a and b. Under the Beta(a, b) approximation,

)

¢ = exp{logl"(a + 1) — tloga—logT(a) +logI'(b+ 3) — 2 logh — logl"(b)}.

Usage

overlap_coef(ps = NULL, Z = NULL, a = NULL, b = NULL)

Arguments
ps Numeric vector of estimated propensity scores e; = Pr(Z; = 1 | X;), all in
(0,1). Required when a and b are not supplied.
YA Integer or numeric vector of treatment indicators (Z; € {0, 1}), the same length
as ps. Required when ps is supplied.
a Shape parameter a > 0 of the Beta distribution. Supply together with b to use
the analytical formula.
b Shape parameter b > 0 of the Beta distribution. Supply together with a to use
the analytical formula.
Details

Computes the Bhattacharyya overlap coefficient ¢, a scalar measure of propensity score overlap
between the treatment and control groups. Values close to 1 indicate near-complete overlap (little
confounding); values well below 1 indicate poor overlap.
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Value

A list with components:

phi The overlap coefficient qAS

r Treatment proportion: mean(Z) (empirical) or a / (a +b) (analytical).

References

Chengxin Yang, Bo Liu, and Fan Li. Sample size and power calculations for causal inference with
time-to-event outcomes. arXiv preprint arXiv:2605.10088 (2026).

Bo Liu, Chengxin Yang, and Fan Li. Sample size and power calculations for causal inference with
continuous and binary outcomes. Annals of Statistics (2026).

See Also

power_ps, power_cox

Examples

# From propensity scores
set.seed(1)

n <- 500

X <= rnorm(n)

ps <- plogis(0.5 * X)

Z <- rbinom(n, 1, ps)
overlap_coef(ps = ps, Z = 7Z)

# From Beta parameters
overlap_coef(a = 2, b = 3)

power_cox Sample size and power for PS-weighted marginal Cox model

Description

The required sample size is
N =V (1m0 +2)*/ 72,

where 79 = log(HR) is the target log hazard ratio and V is the asymptotic variance of the estimator.

Randomized trial — robust sandwich variance (method = "robust"):

(A + /\0)2 [T’/\%dl +(1- ’I“)/\%do]
d? ’

where \; = /7/(1 —7)e™/?, \g = 1/, and d = rdy + (1 — 7) do.

Verer =



4 power_cox

Randomized trial — Schoenfeld formula (method = "schoenfeld”):

1

VSch - m

Note: the Schoenfeld formula is derived under a null effect and may underestimate or overestimate
the required sample size at non-null effects.

Observational study — inverse probability weights (ATE), robust sandwich variance (study_type
= "obs", estimand = "ATE"):

A Xo)?
Vobs = ( ! —!Z—Q 0) T2)\%d1

a+b—1
a—1

a+b—1

+ (1 =)Mo ———|

where a, b > 1 are Beta distribution parameters determined by (r, ¢). Requires min(a,d) > 1.

Observational study — overlap weights (ATO) or treated population weights (ATT) (study_type
= "obs", estimand in "ATO", "ATT"):

N = kpg X Nrcr,

where Nror uses Vror above and kpp is a design effect estimated by Monte Carlo simulation
from the Beta approximation of propensity scores.

Usage

power_cox(
effect_size,

r}
d1,
do = NULL,
phi = NULL,

study_type = "obs",
estimand = "ATE",

method = "robust”,
sig_level = 0.05,
power = NULL,
sample_size = NULL,
test = "one-sided”,
n_mc = 1e+06
)
Arguments
effect_size Log hazard ratio 7o = log(HR). Negative values indicate benefit (lower hazard
in group 1). Scalar or vector.
r Treatment proportion r = Pr(Z = 1), in (0, 1). Scalar or vector.
d1 Event rate in group 1 (treated), in (0, 1]. Scalar or vector.
do Event rate in group 0 (control), in (0, 1]. If NULL (default), set equal to d1. Scalar

or vector.
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phi Overlap coefficient ¢ € (0,1). Required when study_type = "obs"; ignored
for "rct”. Rule of thumb: < 0.80 very poor, [0.80,0.90) poor, [0.90,0.95)
moderate, > 0.95 good. Scalar or vector.

study_type "obs" (observational study, default) or "rct” (randomized trial).

estimand Target estimand. "ATE" (average treatment effect, uses inverse probability weights),
"ATO" (overlap population, uses overlap weights), or "ATT" (group 1 popula-
tion, uses weights for the treated). Ignored when study_type = "rct”. Scalar
or character vector.

method Variance approximation method. "robust” (default) for the robust sandwich
variance; "schoenfeld” for the classical Schoenfeld formula. "schoenfeld”
is only available when study_type = "rct”. Scalar or character vector.

sig_level Significance level «v. Default 0. 05.

power Target power 5. Provide for sample size calculation; mutually exclusive with
sample_size.

sample_size Total sample size N. Provide for power calculation; mutually exclusive with
power.

test "one-sided” (default) or "two-sided".

n_mc Number of Monte Carlo samples used to estimate the design effect for estimand

in "ATO", "ATT". Default 1e6.

Details
Computes the required sample size or the achieved power for the propensity-score-weighted partial
likelihood estimator of the marginal hazard ratio in a Cox proportional hazards model.

Value

An object of class "power_cox", a list containing:

call The matched call.
calculation "sample_size" or "power”.

result A data frame with one row per scenario and columns for every design parameter plus the
computed sample_size or power.

settings A list with sig_level, power, sample_size, and test.
n_scenarios Number of rows in result.

do_set_equal Logical; TRUE when d@ was not specified and set equal to d1.

References

Chengxin Yang, Bo Liu, and Fan Li. Sample size and power calculations for causal inference with
time-to-event outcomes. arXiv preprint arXiv:2605.10088 (2026).

See Also

power_ps, overlap_coef
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Examples

# RCT sample size, robust variance
power_cox(effect_size = log(0.6), r
power = 0.8)

0.5, d1 = 0.8, study_type = "rct”,

# Observational study, ATE
power_cox(effect_size = log(0.6), r = 0.5, d1 = 0.8, phi = 0.9,
study_type = "obs", estimand = "ATE", power = 0.8)

# Sensitivity over phi and estimand
power_cox(effect_size = log(0.6), r = 0.5, d1 = 0.8,
phi = ¢(0.9, 0.95), estimand = c("ATE", "ATO"),
power = 0.8)

power_ps Sample size and power for PS-weighted average treatment effect esti-
mators

Description

The required sample size is -
N=V (Zl—a/2 + Zﬁ)z /;7:27

where 7 is the standardized effect size and V' is the asymptotic variance of the Hajek estimator.
For the ATE estimand, V has the closed form

V =2{1+ (p®02 + 1) exp(c?/2) cosh(pe) } ,

2
e

where (u., oZ) are uniquely determined by (r, ¢).

For the ATT, ATC, and ATO estimands, V is computed by numerical integration of the same
variance expression with the corresponding tilting function h(e). A custom tilting function may
also be supplied.

For binary outcomes, the estimand is the risk difference; the same formula applies with S? =
Var(Y (0)) estimated from a linear probability model.

Usage

power_ps(
effect_size,
r!
phi,
rho2 = 0,
estimand = "ATE",
sig_level = 0.05,

power = NULL,
sample_size = NULL,
test = "two-sided”
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Arguments

effect_size

phi

rho2

estimand

sig_level

power

sample_size

test

Details

Standardized effect size 7 = 7/5, where 7 is the treatment effect and S =
v/ Var(Y (0)). Scalar or vector.

Treatment proportion r = Pr(Z = 1), in (0, 1). Scalar or vector.

Overlap coefficient ¢ € (0, 1), measuring covariate similarity between groups.
Rule of thumb: < 0.80 very poor, [0.80,0.90) poor, [0.90,0.95) moderate, >
0.95 good. Scalar or vector.

Confounding coefficient p? € [0, 1), the squared correlation between the poten-
tial outcome and the propensity score linear predictor. Bounded above by the R?
of regressing the outcome on covariates. Sensitivity analysis over p? € [0,0.05)
is recommended. Default @. Scalar or vector.

Target estimand. One of "ATE" (average treatment effect), "ATT" (average treat-
ment effect for group 1), "ATC" (average treatment effect for group 0), "ATO"
(average treatment effect for the overlap population), or a custom tilting function
h(e) (must be a scalar function, not vectorized with other parameters). Scalar
or character vector.

Significance level «v. Default 0. 5.

Target power 3. Provide for sample size calculation; mutually exclusive with
sample_size.

Total sample size N. Provide for power calculation; mutually exclusive with
power.

"two-sided” (default) or "one-sided".

Computes the required sample size or the achieved power for the propensity-score-weighted Hajek
estimator of a weighted average treatment effect (WATE) with continuous or binary outcomes.

Value

An object of class "power_ps”, a list containing:

call The matched call.

calculation "sample_size" or "power"”.

result A data frame with one row per scenario (all combinations of vector inputs) and columns
for every design parameter plus the computed sample_size or power.

settings A list with sig_level, power, sample_size, and test.

n_scenarios Number of rows in result.

rho2_is_default Logical; TRUE when rho2 was left at its default value of @.

References

Bo Liu, Chengxin Yang, and Fan Li. Sample size and power calculations for causal inference in
observational studies. Annals of Statistics (2026), forthcoming.



See Also

power_cox, overlap_coef

Examples

# Sample size for ATE, scalar inputs
power_ps(effect_size = 0.2, r = 0.5, phi = 0.9, power = 0.8)

# Power at a fixed N
power_ps(effect_size

0.2, r = 0.5, phi = 0.9, sample_size = 250)

# Sensitivity over r and estimand (vector inputs)

power_ps(effect_size = 0.2, r = c(0.3, 0.5, 0.7), phi = 0.9,
estimand = c("ATE", "ATO"), power = 0.8)

power_ps
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