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Introduction to Harmonization
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Gateway to Global Aging Data

www.g2aging.org 4

The platform for population survey data on aging around the world

The Gateway is a free public resource designed to facilitate 
cross-national and longitudinal studies on aging using 
the family of Health and Retirement Studies around the world. 



Health and Retirement Studies Around the World 

• United States
• Mexico
• England
• Austria
• Belgium
• Denmark
• France
• Germany
• Greece

• Israel
• Italy
• Netherlands
• Spain
• Sweden
• Switzerland
• Costa Rica
• South Korea
• Czech Republic

• Republic of Ireland
• Poland
• Japan
• Indonesia
• China
• Ghana
• India
• Russia
• South Africa

• Estonia
• Hungary
• Portugal
• Slovenia
• Luxembourg
• Croatia
• Brazil
• Scotland
• Northern Ireland

• Bulgaria
• Cyprus
• Finland
• Latvia
• Lithuania
• Malta
• Romania
• Slovakia
• India
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What the Gateway Offers
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• Overview of HRS family surveys
• Survey questionnaires
• Flow-charts illustrating questionnaire skip patterns
• Search engine by keyword or by topic

• Cross-study concordance tables of specific survey topics

• In-depth documentation of cross-study comparability

• Harmonized data

• Interactive graphs and tables
• Survey statistics
• Contextual data

• Search of publications based on HRS family surveys



• Metadata
• Survey questionnaire, data collection protocol
• Para data – time-stamps, interviewer notes

• Microdata
• Phenotype data – survey data, biological markers
• Genomic data – polygenic risk scores

• Contextual data
• Macro-level data – unemployment rates, no of hospital beds
• Environmental data – pollution, temperature 
• Institutional data – pension, long-term care policies
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Types of Data



Basic Principles

• Accuracy

• Transparency

• Ease of use

With the ultimate goal of advancing science by supporting data users
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Research Collaborators

• Harvard University

• Irish Social Science Data Archive, 
Ireland

• NatCen Social Research, UK

• National Institute of Development 
Administration, Thailand

• Organization for Economic 
Cooperation and Development, 
France

• Peking University, China

• Queens’ University Belfast, UK

• RAND Corporation

• Research Institute of Economy, 
Trade & Industry, Japan

• Trinity College Dublin, Ireland

• UK Data Service, UK

• University College London, UK

• Universita' Ca' Foscari – Venezia, 
Italy

• University of California, Berkeley

• University of California, Los Angeles

• University of California, San 
Francisco

• University of Costa Rica, Costa Rica

• University of Duesseldorf, Germany

• University of Malaysia, Malaysia

• University of Michigan

• University of Stirling, UK

• University of Texas, Medical Branch

• University of Tokyo, Japan

• World Health Organization
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Collaborating Institutions

• Sara Adar, ScD, MHS
• Jennifer Ailshire, PhD
• Marco Angrisani, PhD
• Tiago Cravooliveira, 

PhD
• Eileen Crimmins, PhD
• Alexandra Crosswell, 

PhD
• Christian Deindl, PhD
• Elissa Epel, PhD
• Alden Gross, PhD
• Hideki Hashimoto, 

MD, DrPH
• Cristian Herrera, PhD
• Peifeng Hu, MD, PhD
• David Knapp, PhD
• Maciej Lis, PhD
• Ana Llenanozal, PhD

• Erik Meijer, PhD
• Giacomo Pasini, PhD
• Luis Rosero-Bixby, PhD, 

MPH
• Lindsay Ryan, PhD
• Gavin Shaddick, PhD
• Jacqui Smith, PhD
• Andrew Steptoe, DSC, 

DPhil
• Elina Suzuki, PhD
• Morten Wahrendorf, 

PhD
• David Weir, PhD
• Rebeca Wong, PhD
• Paola Zaninotto, PhD



Basic Principles – Accuracy 

• We work closely with study 
teams to devise a 
harmonization plan

• All documentation and 
programming are reviewed 
through a standardized 
quality control process
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Survey 
Measure Study 1 Study 2

Harmonization 
Rating

Self-rated health 5 point scale, 
excellent to poor

5 point scale, 
excellent to poor Comparable

Smoking
quantity

Packs smoked 
per day

Packs smoked 
per week Can be adjusted

Whether any 
vigorous physical 
activity

3 or more time 
per week

More than 10 
minutes per 
week

Cannot be 
adjusted

Word recall test 10 word recall 8 word recall
Requires 
statistical 
calibration



Basic Principles – Transparency 
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Measure Study 1 Study 2 Study 3 Study 4

Word 
recall

Waves 1 -3:
20 words
After wave 4:
10 words

All waves:
8 words

All waves:
10 words

All waves:
10 words

Extensive
Documentation

Open-source
code

Concordance Tables User Guides

Codebooks Programs



Basic Principles – Ease of Use 
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• Study and time 
specific

• Across studies
• Across repeated 

observations
• Time point 

comparisons

Customize based on:
• Survey measures
• Studies
• Time 
• Detail level

Introductory & 
Advanced webinars

Intuitive Search Researcher Trainings

Graphs & Tables Links and Instructions



Building a Metadata Library
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Collecting Survey Metadata

Survey metadata include:
• Data collection protocol
• Order of modules and order of questions 

within modules
• The location of all survey items inside 

the interview
• How the measure was collected and 

from whom
• Question text and interviewer prompts
• Answer types and choices and how 

the values are formatted
• Interviewer notes, time-stamps, 

and other para-data

15

Study 1
- Country: United States
- Sample: Nationally representative for people over 

age of 50

Baseline
- Time: Fielded in 1992 
- Method: In-person interviews

Module 3
- Asked to one person per household

Beginning time stamp
Survey measure 10

- Type
- Question Text
- Response Type
- Answer Choices
- Answer Value Codes

Ending time stamp
Interviewer notes



Optical character recognition (OCR) from paper 
versions of survey instruments

Parsing the code of a computer-assisted personal 
interviewing (CAPI) survey instrument
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• Survey metadata can be obtained using: 

Collecting Survey Metadata



Indexing Survey Metadata

• Collected survey metadata information are indexed into an object-
oriented database where all internal components are connected to 
each other

• This database defines the 
structure of all survey items 

• The database also allows for instant 
querying by any indexed dimension of 
the survey metadata
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Survey measure 1648 
Part of module 298 
In survey 83 (conducted in 2012) 
From of study 3

SELECT all survey metadata 
TYPE: Question
CONTAINING TEXT: “smoking” 
IN THE TIME PERIOD: 2010-2015 



Object-oriented database
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Indexing Survey Metadata



Constructing a Browse/Search Tool

Researchers should be able to easily browse through the survey metadata 
while understanding the study, timing, and type of the survey
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Researchers should also be able to intuitively and quickly search through survey 
metadata to find survey items which are important for their research
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Constructing a Browse/Search Tool



It is also possible to identify survey items specific to common research topics 
and domains from which users can see all relevant survey items
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Constructing a Browse/Search Tool

Self-report of health
Health limits work
ADL summary
IADL summary
Depressive scale
Ever had high blood pressure
Ever had diabetes
Ever had Cancer
Ever had lung disease
Weight
Height
BMI

Health



Harmonizing Phenotype Data
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Data Harmonization

1. Pre-statistical harmonization

2. Missing data and imputation

3. Statistical harmonization based on Item Response Theory
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Pre-statistical Harmonization

Harmonized variables are research-ready variables which easily allow 
researchers to conduct analysis by pooling data from multiple waves of 
a survey or from multiple surveys 
• Variables are defined identically across all waves and surveys
• Each dataset combines all available waves from each study; each 

individual is one record

24

Person ID R1AGE R2AGE R3AGE

10000 52 54 56

10001 59 61 63

Person ID R1AGE R2AGE R3AGE

1000 71 73 75

1001 60 62 64

Study 1 Study 2



Harmonized variable names ensure ease of use and transparency 
• All variables use intuitive variable names, e.g. r1work – whether the 

respondent is currently working in wave 1
• Study specific variable names are used to indicate significant inter-

study differences: e.g. RwVGACT_C – whether the respondent does 
any vigorous physical with different question wording
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Person ID R1VGACT R2VGACT R3VGACT

10000 1. Yes 0. No 1. Yes

10001 1. Yes 1. Yes 1. Yes

Person ID R1VGACT_C R2VGACT_C R3VGACT_C

1000 0. No 0. No 0.No

1001 1. Yes 1. Yes 0.No

Study 1 Study 2

Pre-statistical Harmonization



Building Harmonized Variables

BR001
Ever smoked cigarettes daily?

1. Yes
5. No

BR002
Smoke at the present time?

1. Yes
5. No, I have stopped

AE202
Do you currently smoke?

0. No
1. Yes

AE203
Have you ever smoked?

0. No
1. Yes

Study 1 Study 2

If BR001 = 1 If AE202 = 0
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Harmonized variables have been built to account for any survey skip pattern



Harmonized variable name: RwSMOKEV
Harmonized variable label: Whether the respondent ever smoked
Harmonized variable codes: 
• 0. No, the respondent has never smoked 
• 1. Yes, the respondent has smoked

BR001
Ever smoked cigarettes daily?

1. Yes
5. No

BR002
Smoke at the present time?

1. Yes
5. No, I have stopped

AE202
Do you currently smoke?

0. No
1. Yes

AE203
Have you ever smoked?

0. No
1. Yes

Study 1 Study 2

If BR001 = 1 If AE202 = 0

RwSMOKEV
0. No
1. Yes

Harmonized variable
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Building Harmonized Variables



Documenting Harmonized Variables

Each harmonized dataset is accompanied by its own codebook.
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• Introduces the harmonization 
project and study

• Overviews survey timing, survey 
design, and sampling framework

• Discusses weighting and imputation

• Details specifics of harmonization 
process

• Divides variables into sections based 
on research domain
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• Summary statistics 
for each set of variables

• List of all the variables from the 
originating dataset used in the creation 
of the harmonized variable

• Highlights of any inter-study differences

• Details about variable creation and any 
assumptions made in the creation

• Tabulations of all coded values

• Highlights of any intra-study differences

Documenting Harmonized Variables



Performing Statistical Harmonization to Address 
Item-level Missingness
• Complete case analysis is the default for most statistical software
• Excluding observations with missing values is potentially a huge loss of 

information (large standard errors; imprecise estimators)
• Excluding observations with missing values also potentially introduces large 

biases (people with lower levels of cognition are more likely to have 
missing values in cognitive tests)
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Person ID Gender Age Income 
Level

Education Marital 
Status

Word Recall 
Score

INCLUSION

1 Male 70 High HS graduate Married 8 YES

2 Female 55 High College grad Married 10 YES

3 Male 89 Low HS graduate Widowed . NO



• Imputed values replaces missing values with draws from their (conditional) 
distribution, and thereby creates a complete data set for researchers

• Imputation is often economically efficient and scientifically preferable 
because it is done only once (individual researchers do not have to do it, 
and all researchers work with the same data)
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Person ID Gender Age Income 
Level

Education Marital 
Status

Word 
Recall 
Score

Word Recall
Score w/ 
Imputations

INCLUSION

1 Male 70 High HS graduate Married 8 8 YES

2 Female 55 High College grad Married 10 10 YES

3 Male 89 Low HS graduate Widowed . 3 YES

Performing Statistical Harmonization to Address 
Item-level Missingness



Harmonized imputation method
• Estimates the joint distribution of the variables 

in each dataset in the presence of missing data
• Assigns “don’t know” values for many cognitive 

tests as 0 values
• Estimates a regression model which specifies the 

conditional distribution of the variable to be 
imputed as a function of the regressors.

• Imputes missing values using pseudo-random 
draws from the conditional distribution
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Person Gender Age Value Value w/ 
Imputations

1 Male 60 20 20

2 Male 60 . 20

3 Male 72 10 10

Performing Statistical Harmonization to Address 
Item-level Missingness

MMSE Score

Fr
ac

tio
n
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Researchers are provided with indicators of whether values were imputed 
and what level of information was used in the imputation procedure

Performing Statistical Harmonization to Address 
Item-level Missingness

Value----------------------------------------|               R1FMO
0. Not imputed |                2833
1. DK – assigned 0 value                     |                 273
2. Not assessed – imputed                    |                  91
3. Refused – imputed                         |                  25
4. Missing - imputed                         |                   2



Developing Harmonized Domain-Specific 
Models using Item Response Theory (IRT)
Item Response Theory
• A general approach to data analysis 

relating responses to underlying traits
• Many related statistical models
• Broadly contained within general latent 

variable framework
• Developed in fields of Educational and 

Psychological Assessment (1930-1970’s)
• Continually refined methods
• Broad applications in social and 

health sciences
34



Working with psychometricians we develop harmonized domain-specific 
models
• Classify items according to measurement

• Domain
• Modality (performance, self-rated, 

informant-rated, expert rating)
• Response type

• Identify reference population and sample(s)

35

Reference population:
Clinician diagnosed individuals with 
moderate and severe cognitive 
impairment as part of study ABC

Date Naming
Domain: Time and Place Orientation
Modality: Performance
Response Type: Boolean

Developing Harmonized Domain-Specific 
Models using Item Response Theory (IRT)
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Model    
 

Single domain models
Orientation
Memory-Episodic-Immediate
Memory-Episodic-Delayed
Memory-Episodic-Recognition
EF-Abstract-Reasoning
EF-Attention-Speed
Language
Visuospatial

  
   

   

   
 

Descriptor

  
Good
Perfect
Good
Perfect
Perfect
Good
Good
Perfect

  
   

   

• Assess cross-validation of the measurement model using IRT

Developing Harmonized Domain-Specific 
Models using Item Response Theory (IRT)
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• Rank and/or classify individuals

• Co-calibrate across studies and time

Study Score Equivalence

Study 1 1 2 3 4 5 6 7 8

Study 2 1 2 3 4 5 6 7 8

Study 3 1 2 3 4 5 6 7 8

Episodic Memory Impairment Cut Points 
None: >=16
Mild: 13-15
Serious: 11-12
Severe: <= 10

Developing Harmonized Domain-Specific 
Models using Item Response Theory (IRT)



Thank You
National Institute on Aging, NIH 
(R01 AG030153, RC2 AG036619, R03 AG043052, R24 AG048024)
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