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To reduce bias of the estimate of a non-probability sample 𝑠𝑛𝑝with 

variable of interest 𝑦 and vector of covariates 𝑥  but unknown 
sampling design (unknown design weights 𝑑𝑛𝑝); there are several 

statistical techniques that depends on auxiliary information available 
(Wu, 2022):

• Population totals of the covariates: Calibration.
• Covariates for each individual in the target population:  

Superpopulation models.
• Probability sample 𝒔𝒑 (matched 𝒙 but 𝒚 unknown): Propensity 

Score Adjustment (PSA), Kernel Weighting Method (KW), 
Statistical Matching (SM) and Doubly Robust estimator (DR).

For this application we focus on the Statistical Matching (SM) 
(Rivers, 2007): Assuming a superpopulation model,  the vector of 
𝑦 = 𝑦1, … , 𝑦𝑁  is a realization of the vector of random variables 𝑌 =
𝑌1, … , 𝑌𝑁 , which can be modeled (𝑚) as follows:

Then, the variable of interest y is modeled with the information from 
𝑠𝑛𝑝, 𝑦 can be predicted, and we construct the final estimator using 

the design weights 𝑑𝑝 from 𝑠𝑝:

The SM estimations can be improved if the units used to fit the 
model m are weights using an estimation of 𝑑𝑛𝑝 from the PSA 

approach (Castro-Martín et. al, 2022).

We live in the information age, where online surveys, social media, 
and Big Data provide access to large samples quickly and with 
minimal resources. However, because these sources are usually non-
probability samples (unknown or non-random sampling design), 
making accurate estimates from them is a major challenge. Without a 
proper probabilistic sampling design, sample representativeness 
cannot be guaranteed. 

To address this issue, various statistical techniques have been 
developed to reduce bias. These methods rely heavily on auxiliary 
information. Currently, three main challenges remain in this field: 
There is no gold standard, as no single method works best for every 
scenario; no standardized bias metrics have been developed to date; 
and there is room for improvement, as methods depend on 
assumptions that are difficult to hold in practice. Consequently, their 
performance remains highly context-dependent and varies by specific 
study.

A real-world application is presented applying the SM estimator 
(analysis done with webpage: https://easp.es/info/bettersurveys/).

• Population: Spanish population aged ≥18 in 2024.

• 𝒔𝒏𝒑: Health Barometer of April 2024 (CIS 2024), quota sampling by sex 

and age 
•  Spanish National Health Survey (ESdE 2023), stratified three-stage 

sampling (𝑛𝑝 = 21,032)

• 𝒙: Sex, Age, Nationality, Education level , Marital status, Employment 
status, Residents by CCAA, and Religion,…

• 𝒚: Satisfaction scale with the functioning of the Spanish healthcare 
system (Parameter: proportion of each response).

Both samples present different values for the covariate vector (𝑠𝑛𝑝 

lacks population representativeness).  For education level variable:

We apply the SM estimator using the estimated 𝑑𝑛𝑝 , and we 

compared its results with the naïve estimator (no bias adjustment):

Results show different estimates between SM and the naïve estimator. 
Although this difference is relatively small, it could be far more severe 
for other variables, datasets, or estimators. 

Estimates from non-probability samples are biased and must be treated 
with caution, and nowadays, almost all datasets are from this nature
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