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Sample designs and 
principles

Common sampling methods - SRS

• Simple random sampling

• Easy to implement.

• Specific groups/traits may not be present in the sample.

Rural Urban

SS S S S

Select randomly 1-in-2 records
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Common sampling methods - Systematic

• Systematic sampling

• Easy to implement.

• Sample more evenly assigned along the population.

• Problematic if selection coincides with a periodic characteristic/trait.

Rural Urban

SS S S S

Select systematically 1-in-2 records

Common sampling methods - Stratified

• Stratified sampling

• More complex, but better representation of subgroups/strata within the 

population.

• Within strata, selection can be random or systematic.

Rural Urban

SS S S S

Select 1-in-2 records within urban/rural
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Common sampling methods - Cluster

• Cluster sampling

• More complex, but depends on availability of “equivalent” clusters.

• Usually recommended to reduce data collection costs.

Rural Urban

SS SS SS

Select randomly 3-in-5 clusters

Sampling in IPUMS International (1)

• Total of 400 census samples and 147 surveys (population or LFS)

• How were the samples created?

• Public use files.

• Long-form questionnaire.

• Ad-hoc sample drawn by the NSO or IPUMS.

• Sample fraction: ~9.5% for census (2.3 million persons!) * 

• Selection of entire households with all their person records

• Average: 3.7 samples per country, covering about 30 years *

* Only post-1950 censuses, excludes surveys
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Sampling in IPUMS International (2)
IPUMS International: Sampling method for post-1950 censuses

Note: Count of cluster samples overlaps with other methods.
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Hungary: Population and Housing Census 2011

Test files
Educational files

https://www.ksh.hu/nepszamlalas/?lang=hu
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Hungary: Population and Housing Census 2011

https://www.ksh.hu/nepszamlalas/oktatasi_mikroadat

Hungary: Population and Housing Census 2011

https://www.ksh.hu/nepszamlalas/tesztallomanyok
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Hungary: Population and Housing Census 2011

https://www.ksh.hu/research_room_tart

Hungary: Population and Housing Census 2011, Sample

• Public use file (scientific research of statistical data) *

• Sample fraction: 5%

• Sample design:

• One stage SRS of dwellings (and all associated person records).

• Plus a SRS of persons in institutions and homeless persons.

• Self-weighting (expansion factor = 20).

* Sample drawn to be included in IPUMS
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Colombia: General Census 2005 at NADA

https://microdatos.dane.gov.co/index.php/catalog/421

Colombia: General Census 2005 at NADA

Long form 
(persons, 
households, 
dwellings)
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Colombia: General Census 2005 at NADA

Sample methodology:

• Sample design

• Sample sizes

• Expansion factors and calibration

• Estimation using the sample

Colombia: General Census 2005, Sample

• Long-form sample

• Sample fraction: ~20% (overall), varies according to municipality size

• Sample design:

• One stage stratified sample, with Bernoulli selection of households 
(selection in real time during data collection operation).

• Strata: municipality capital versus rest, locality/commune in large cities.

• Not self-weighting, depends on sample fraction by strata.

• Representativeness: locality/commune with population of 150,000+ 

persons in large cities, municipality capital versus rest, 1st-2nd levels of 
administrative geography, and national level.
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Mexico: Population and Dwelling Census 2010

https://www.inegi.org.mx/programas/ccpv/2010/

Mexico: Population and Dwelling Census 2010

Short form (examples)

Long form
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Mexico: Population and Dwelling Census 2010

Sample methodology:

• Sample design (population, 
sampling units, sampling frame)

• Stratification

• Sample sizes and selection

• Expansion factors

• Estimation using the sample

Mexico: Population and Dwelling Census 2010, Sample

• Long-form sample

• Sample fraction: ~10.6% (overall), varies according to municipality size

• Sample design:

• One stage stratified cluster sample.

• Strata: three groups of municipalities by size (<1.100, 1.100-4.000, 
>4.000 dwellings) combined with locality size within municipality.

• Clusters: Group of dwellings in a locality selected by SRS within strata.

• Not self-weighting, depends on sample fraction by strata.

• Representativeness: localities with 50,000+ persons, municipality, 
state by locality size (4 categories), state, and national.
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Mexico: Population and Dwelling Census 2010, Sample

Dwellings in the 
sample

Total 
municipalities

Census 766

800 794

Without localities of 50 thousand or 
more persons 1,100 703

With localities with 50 thousand or 
more persons (excluding those 
localities)

800

Each locality with 50 thousand or 
more persons

At least 2,000

2,456

Municipalities with more than 
4.000 dwellings

Municipality classification

Municipalities with less than 1.100 dwellings or the 125 
municipalities with the lowest HDI

Municipalities with 1.101 to 4.000 dwellings

193

National total

Mexico 2010 Census: Sample size by municipality classification

Source: INEGI (2010), Sample Design for the 2010 Census.

Benin: Population and Housing Census 2002

http://nada.insae-bj.org/index.php/catalog/22
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Benin: Population and Housing Census 2002

Original files 100% data

IPUMS reformatting and sampling

10% sample for research

Benin: Population and Housing Census 2002

Sample methodology:

• Sample design

• Sample sizes and selection

• Expansion factors
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Benin: Population and Housing Census 2002, Sample

• Ad-hoc sample drawn by IPUMS

• Sample fraction: 10%

• Sample design:

• One stage systematic sample of households (plus all person records).

• Self-weighting (expansion factor = 10).

General recommendations

• Probability sample! -- Known probability of selection to measure 

precision of estimates.

• Well documented sample design and available to users.

• Data should include expansion factors and other relevant 

variables for statistical inference from the sample. 

• Broad availability of census variables with a large enough 

sample size to be used in research applications.
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Standard Sample Design in IPUMS

• What do we recommend?

• Sampling frame (census data) sorted by (very) detailed geography.

• Systematic sample by selecting 1-in-10 households (10%), along with 

all associated person records.

Sample of households All person records

Questions…?
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Some practical 
considerations

Calculate Sample Size (1)

• Formula to calculate sample size for a proportion:

Where: p is the proportion, Z from the normal distribution, and E is margin of error. 

• If we assume p=0.5, 𝑍∝ ଶ⁄ (95%) =1.96, and E=0.025, then:

• Finite population correction factor (pop. = 250k hhs):

𝑛଴ =
𝑝 1 − 𝑝 𝑍∝ ଶ⁄

ଶ

𝐸ଶ

𝑛଴ =
0.5 0.5 1.96 ଶ

0.025 ଶ
≈ 1537

𝑛 =
𝑛଴𝑁

𝑛଴ + 𝑁 − 1
=

1537 ∗ 250𝑘

1537 + 250𝑘 − 1
≈ 1528
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Calculate Sample Size (2)

• We can calculate sample sizes by geography:

Assumptions: Persons=1M, Household size=4, Households=250k

Geography units
Total 

households
Sample size 

per unit

Unit 1 25,000 1,448
Unit 2 25,000 1,448
Unit 3 25,000 1,448
Unit 4 25,000 1,448
Unit 5 25,000 1,448
Unit 6 25,000 1,448
Unit 7 25,000 1,448
Unit 8 25,000 1,448
Unit 9 25,000 1,448
Unit 10 25,000 1,448

Total 250,000 14,480

Calculate Sample Size (3)

• We can calculate sample sizes by geography:

Assumptions: Persons=10M, Household size=4, Households=2.5M

Geography units
Total 

households
Sample size 

per unit

Unit 1 250,000 1,528
Unit 2 250,000 1,528
Unit 3 250,000 1,528
Unit 4 250,000 1,528
Unit 5 250,000 1,528
Unit 6 250,000 1,528
Unit 7 250,000 1,528
Unit 8 250,000 1,528
Unit 9 250,000 1,528
Unit 10 250,000 1,528

Total 2,500,000 15,280

35

36



19/09/2023

19

Creating an expansion factor

• Base weight: Inverse of the selection probability

• Selection probability (Pi):

• Expansion factor (Wi):

Where: n is the number of records to select and N is the total number of records.

𝑃௜ =
𝑛

𝑁

𝑊௜ =
𝑁

𝑛

Creating an expansion factor: Examples

• SRS or Systematic sample of 1-in-10 households

• Probability of selection = 1/10

• Expansion factor = 1/(1/10) = 10 (constant across the sample)

• Stratified sample with differential sample fraction by urban/rural

• Probability of selection = 1/10 in urban, 1/8 in rural

• Expansion factor = 10 for urban and 8 for rural (constant per stratum)
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Adjusting weights

• What if we have undercount?

• Without undercount, each sampled record represents N/n records.

• With undercount, each sampled record represents N/n by the inverse 

of the proportion of enumerated records 1/C.

• Simple approach: adjust weights using undercount rate

• If we assume N/n=10 and C=98%, then:

𝑊௔ =
𝑁

𝑛
∗
1

𝐶

𝑊௔ = 10 ∗
1

0.98
≈ 10.2

Raking weights (1)

• Problem: non-response.

• Raking weights uses marginal distributions of control variables 

to ensure that the weighted sample matches the population.

• Tables from census reports!

• Control variables: age, gender, race, urban/rural, etc. 

• In Stata: ipfraking/ipfweight commands.

• Note: Weight adjustment may increase the variance of estimates.
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Raking weights (2)

• Method: iterative process that starts with base weight and 

satisfies the following condition (Kolenikov, 2014):

෍𝑊஼௝𝑋௝ = 𝑇 𝑋௝
௝∈ௌ

Where 𝑊஼௝ are the calibrated weights, 𝑋௝ are selected control variables, 

and 𝑇 𝑋௝ is a population result.

• Source: “Calibrating survey data using iterative proportional 

fitting (raking)”, Kolenikov (2014)

Questions…?
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Hands-on examples

Examples with code (Stata)

• Common methods for sample selection:

• Simple random sampling

• Stratified sampling

• Systematic sampling

• Practical considerations:

• Raking weights

• Substituting records with issues
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Questions…?

Thank you!

Rodrigo LOVATON
lovat003@umn.edu

INTERNATIONAL.IPUMS.ORG
ipums@umn.edu
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