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Kaggle 2018 Survey of Data Scientists

35-50% of the time and budget of a study is spent 

on data identification and cleaning. Some studies 

report as much as 75%.

Traditional Approach to Data Science



We are fundamentally challenged in 
the way we do science.

We spend a huge amount of time and budget 
assembling datasets before any insights can occur.



>300 sites

20+ Years of data

$100+ million annual budget

20,000 clinical variables

4.5 years to 

analyzable 

datasets

$500,000,000
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Use AI to Make Finding and 
Linking Data Easier, Quicker, 
and Cheaper



Effort in time and money for data study



Transfer Learning



Major themes: From words to words-in-context

Word vectors

cats = [0.2, -0.3, …]

dogs = [0.4, -0.5, …]

Sentence / doc vectors

It’s raining 

cats and dogs.

We have two 

cats.

[0.8, 0.9, …]

[-1.2, 0.0, …]}

}

Word-in-context 

vectors

We have two cats.

}

[1.2, -0.3, …]

It’s raining cats and dogs.

}

[-0.4, 0.9, …]

From Sebasitien Ruden



Ruder 2019



Illustration 
of Similarity



Manual curation of Phenx and dbGAP 
variables before July 1, 2018

▪ Data

▪ All source (PhenX) and target (dbGaP) entities 
are observed during training

▪ Number of source entities: 2,549

▪ Number of target entities: 9,311

▪ Train/ Val/ Test split by linkage

▪ Total number of links: 17,639

▪ Split fractions: 
Train (70%) / Val (15%) / Test (15%)

▪ Number of source entities in Test set: 1,058

▪ Evaluate against all target entities

▪ Evaluation will include links observed 
in train set



▪ Text preprocessing (lib BOW factory)
▪ Replace camelcase : "camelCase” - "camel case"

▪ Lower case: "LOWERCASE" - "lowercase"

▪ Replace non alphanumeric: "alphanumeric@123" - "alphanumeric 123"

▪ Collapse single character: "c e o" - "ceo"

▪ Replace single character: "a” - "'

▪ Remove extra space: "extra  space" - "extra space"

▪ Remove stop words: using nItk (post tokenization)

▪ Vectorization
▪ Term frequency (sklearn CountVectorizer)

▪ Remove stop words

▪ Tokenize using sklearn tokenizer (must have at least 2 characters, ignore punctuation)

▪ Consider only top 10K most frequent tokens

▪ Apply global weighting using entropy (instead of idf)

Processing step



Comparing performance of various classifiers



M3:NN

MetaMatchMaker (M3) Neural Network (NN)



The processes of finding data 
(variables) and linking data 
(meta-data) are the same.

2 Tools
M3:Find – Find data
M3:Link – Connect Data



Use M3:Find 
to Make Finding Data Easy



M3:Find



▪ Demo: 
https://www.youtube.com/watch?v=WOW65-JH--s

▪ Promo: 
https://www.youtube.com/watch?v=nCM0qQ0aJBU

www.metamatchmaker.com

MetaMatchMaker 
Demo Video

https://www.youtube.com/watch?v=WOW65-JH--s
https://www.youtube.com/watch?v=nCM0qQ0aJBU
https://www.youtube.com/watch?v=nCM0qQ0aJBU


There Are Many More Scientific Databases

Meta Data Providers



I wish there was a magic button 
that would automatically 
integrate my data for me.”

- NIH data steward

Data Linkage

“



Study1 Study2 Study3 Study4 Study5

Age What age Subj Age Participant age DOB

BMI Height/weight BMI Height/Weight NA

Heart Attack Myocard. Inf. Heart attack Heart event M. Infarc

Heart Attack NA NA Heart attack NA

M3:Link



http://34.226.96.161:8501

https://nam04.safelinks.protection.outlook.com/?url=http%3A%2F%2F34.226.96.161%3A8501%2F&data=05%7C01%7Cgpage%40rti.org%7C59ce565398f14c4bccdc08da65ca4557%7C2ffc2ede4d4449948082487341fa43fb%7C0%7C0%7C637934216677916900%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=AbMqm34wyLS4UU6mGNRdWOHKtqJ6mhs4u9Qg8G1973g%3D&reserved=0


M3 identifies the best match 



I’m tired of being sold 
on yet another AI tool. 
Show me don’t tell me.”

- VA data steward

Too much promise, not enough delivery.

“



3 different use cases for M3:Link

▪ Merging 2 or 3 databases together to develop a common 
database

▪ LADDER – Angelman’s syndrome 

▪ Linking multiple database to each other
▪ DBGAP-PHENX mapping

▪ Merging multiple databases onto a single database. 
Submission of data to a repository. 

▪ PASC - RECOVER - COVID



Not everyone agrees on what match is

Map variables with different wording but the same/similar concept (includes similar time period concepts).

Map variables with a parent-child (or child-grandparent) relationship.

Map cases where one variable is more descriptive/specific than the other. Including if one variable contains more information than the other.

Map variables where the measurements are the same, but one variable is restricted to a specific context.

Map variables that are the same measurement, but a different method.

Map age to age variables when there are no qualifiers.

Map gender and sex variables to each other unless they are relevant to the protocol topic (gender identify measure, etc.)

Map weight to other weight variables and height to other height variables unless they are not referring to standard body height or weight 

(i.e., don’t map knee height or change in weight).

In the case of longitudinal measurements repeated at different timepoints, keep all measurements.

In the case of repeat measurements for the same time point, map the average of the measurements (if available), otherwise map the first measurement. 

The rest are redundant and should be N/A.

Do not map variables that ask similar questions, but the concept is different.

Do not map variables with a sibling relationship.

Do not map telehealth and medical care/treatment variables (telehealth and medical care are not equivalent).

Do not map administrative variables. Mark these as NA.

Do not map open ended questions to more specific questions.

Do not map age and date variables unless they are mappings of age to age without any qualifiers. Mark these as NA.

Do not map “other” variables in most cases. Mark these as NA.

Do not map “comment”, “specify”, “remarks” variables. Mark these as NA.

Do not map “score” variables. Mark these as NA

Do not map medical history to current medical conditions



Machine 
Learning

Model

Match

Not a 

match

Expert curator

Review of prioritized 

variable mappings 

or new training
“Model, here’s how you 

can do better”

New Study

Common Data 

Dictionary

Training 

Data

AI can be retrained in an ‘active learning’ process with 
humans developing, training, and reviewing results.



Linking Angelman and Dup15q Data for 
Expanded Research (LADDER)



M3:Link identifies the best match 



Mapping multiple and/or large datasets 
onto each other.

▪ The PhenX Toolkit provides well-established, high-quality, 
low-burden measurement protocols intended for use in 
biomedical, epidemiological, clinical, translational, and 
genomic research.

▪ Currently 900 measurements with 9,148 items.

▪ There is redundancy in the measurements.

▪ Mapping PhenX terms to dbGAP metadata.
▪ dbGAP is a database of genomic data with some clinical variables. 70,945 non 

genetic terms submitted since June 1, 2016.

▪ De-duplication of meta-data terms in one database/set of dataset is important.



Example – dbGAP –PhenX Mapping

▪ Time to run < 1 hours

▪ 32,167 links had a score > 0.99.

▪ Manual review revealed 79% true positive

▪ Use the negatives to improve the model

▪ Working on time estimate of savings, at least 50% reduction in effort

Jan 2022 M3: Run # after initial filter

PhenX variables 9,148

dbGaP variables 70,945

Full results for similarity score >= 0.9 6,491,435

filter NHLBI none included in training model 1,756,816

Remove admin and other variables 1,270,037

Full results for similarity score >= 0.95 437,872

99-100 32,167

98-99 62,790

97-98 88,125

96-97 119,016

95-96 135,774 



Summary
▪ M3:Find can be used to make finding data easier. 

▪ M3:Link can be used to reduce the time and effort to 
link metadata. M3:Link can be easily retrained to 
expand the vocabulary and for different decisions on 
what is considered matching.



Questions and Discussion

Grier Page

gpage@rti.org

205-873-0669

Eric Earley

eearley@rti.org

919-541-5601
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