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 List of Abbreviations and Key Terms: 

biological = genetically related 

CITI = Collaborative Institutional 

 Training and Initiative 

csv = comma separated values  

ETL = Extraction, Transformation, and 

 Loading 

FamID = Unique identifier for biological 

families 

FSD =  Family Studies Demographics 

GUID =  Global Unique Identifier (NIMH) 

Ibid = In the same source as previous 

Ind. ID = individual identifier for Upstate 

index = sequentially numbered location 

of a value in an array of values  

NIH = National Institute of Health 

 

 

NIMH = National Institute of Mental 

 Health RDF = Resource 

Description Framework 

RDoC = Research Domain Criteria 

Res_Subj= Research Subjects (file) 

UML = Unified Modeling Language 

Upstate = Upstate Medical University 

vars = abbreviation for variables 

mailto:jmiles3@oswego.edu


Joseph Miles P a g e  | 2 May 11, 2017 

 Data Integration Project with Upstate Medical University 

Abstract 

Proper data stewardship is essential for sharing biomedical data. Beyond 

accounting for the time to clean a dataset of missing and inaccurate values, considerable 

care is necessary for accurate data extraction, transformation, loading (ETL) and 

integration into the exact format specified for a shared database. In addition to the 

resource of time, manually manipulating data brings the potential for human copy and 

paste errors and typographical errors that could add additional noise to a dataset. A 

custom-built application will manipulate data accurately and consistently while also saving 

time. For this internship experience, I built an application for Upstate Medical University 

to integrate research data into a pre-specified format for loading study data into a data 

warehouse operated by the National Institute of Mental Health.   

Effective sharing of biomedical data leads to better research, improved knowledge, 

and expands practitioners’ abilities to individually treat each patient.  

Introduction 

“The decentralized nature of our scientific communities and healthcare systems 

has created a sea of valuable but incompatible electronic databases.” (Sujansky, 2001) 

Heterogeneous methods of labelling and storing data across various institutions 

confounds the efforts to integrate data (Sujansky, 2001). Institutions may store data in 

identically named variables which have different semantic meanings or they may label 

identical data categories with different semantics. A data warehouse is ideal for 

establishing a universal semantic standard and for the curation and quality control of data 

(Louie et al, 2007). Data warehouses sometimes have a delay in the availability of data, 

but a well-planned data warehouse will help in the consistency, accuracy, completeness, 

reliability, availability, accessibility, and interpretability of the data (Schmidt and Prado, 

2014). To maintain the integrity of the data in the data warehouse, the process of 

extraction, transformation and loading (ETL) of the data is of highest importance (Schmidt 

and Prado, 2014). 
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An exciting goal of modern medicine is the practice of precision medicine. 

Precision medicine is objectively treating each individual with therapies that are known to 

be highly effective based on the patient’s genetics, living environment, and life style. To 

practice precision medicine with any degree of certainty, a great deal of data would need 

to be compiled and searchable from a universally accessible database. In the realm of 

psychiatric medicine, the National Institute of Mental Health (NIMH) is compiling such a 

data warehouse for the Research Domain Criteria (RDoC) initiative (NIMH, “RDoC 

Matrix”).  

Background 

Under the supervision of Dr. Stephen Glatt, our team at Upstate Medical University 

(Upstate) is conducting a family RDoC study which is gathering data for multiple 

constructs in the psychiatric Positive Valence System (see NIMH, “RDoC Matrix”). A goal 

of RDoC is to accumulate vast amounts of data and to integrate “many levels of 

information (from genomics to self-report) to better understand basic dimensions of 

functioning underlying the full range of human behavior from normal to abnormal” (NIMH, 

“Research Domain Criteria”). As discussed in an article coauthored by Dr. Glatt, currently 

known candidate genes associated with the psychiatric Positive Valence System are only 

loosely correlated with changes in subjects’ observed symptoms (r2 values range from 

0.181 to 0.233 meaning that only approximately 20% of the change in a symptom can be 

attributed to the candidate gene) and frequently lack data for genetic inheritance (Hess 

et al, 2016). By compiling a large body of genomic data coupled with reports of 

symptomology and other patient-specific traits, new candidate genes may be identified 

and correlated with inheritance and expected patient outcomes (Hess et al, 2016).  

Each individual that participates in the Upstate study is currently represented by a 

record within a spreadsheet. Each record in the spreadsheet contains 96 variables for 

each individual. As of October 28, 2016, the spreadsheet contained 1362 individuals.  

Every six months, NIMH requires Upstate to submit updated information for all 

study subjects. NIMH requests the uploaded data to be in a comma separated values 
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(csv) format with pre-specified variable titles. In line with ideal data warehousing 

procedure, uploads to the NIMH data warehouse need to be arranged with a specific 

format using pre-determined value ranges to ensure uniformity of data across all RDoC 

research locations. Since the study involves genetically related (biological) families, NIMH 

requests two different csv files: one file with each family unit represented as a unique 

record containing data for each family member (“Family Studies Demographics,” FSD file) 

and a second csv file with each research subject represented as their own record 

(“Research Subjects,” Res_Subj file). The study has been ongoing for approximately two 

years and the ETL process has been performed manually up until January of 2017. From 

self-report of the Upstate RDoC research team, the manual process of ETL has 

consumed at least 80 work-hours every six months.  

Project Objective 

The primary objective of this project was to assist Upstate in the process of semi-

automating the ETL process for their RDoC study data. It was determined that writing a 

new computer application for performing this specific ETL task would be ideal.  

Project Timeline 

My time spent on the project can be broken down into three phases. Since I had 

no previous experience with working with human subject data, I first needed to be trained 

on the appropriate use of human subject data. To that end, I acquired two certificates 

from the Collaborative Institutional Training and Initiative (CITI) Program for “Biomedical 

Data or Specimens Only Research” and “Conflicts of Interest” and a certificate from the 

National Institutes of Health (NIH) for “Protecting Human Research Participants” 

(Certificates of Completion, Appendix 3).  

The Python programming language was ideal for this project because of Python’s 

ability to easily and intuitively manipulate data. Before this project, I had limited exposure 

to computer programming and the Python language. My second phase in this project was 

to familiarize myself with Python and best practices in computer programming (such as 
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learning Unified Modeling Language (UML)). I completed three “Programming 

Foundations” courses through Lynda.com: programming “Fundamentals,” “Object-

Oriented Design” and “Real-World Examples,” as well as two Python courses: “Learning 

Python” and “Python GUI Development with Tkinter” (Certificates of Completion, 

Appendix 3).  

The third phase of the project involved writing the program to extract, transform, 

sort, integrate and write the output necessary for upload into the NIMH system. Initially, 

a plan was made for the structure of the program using UML (see Figure 1). Then, 

program pseudocode was sketched on paper (Appendix 4 has an abbreviated version of 

the pseudocode, original pseudocode is too unintelligible to include here). The 

pseudocode was translated to Python code using the Geany (version 1.28) code editor. 
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Methods 

A data dictionary for each upload file was specified by the data definitions from 

NIMH (see Appendix 1). From the data dictionary, a simplified input dictionary of 14 

variables was determined to be needed from each research subject as listed in Table 1. 

Table 1 

Table of input variables needed for the data dictionary 

Variable Name 
Transformation necessary: 
Convert data to NIMH format (Yes or No) 

Family ID *(Part of composite key) No 

Individual ID *(Part of composite key) No 

Study Visit Date No 

Mental Health No 

Date of Birth Yes 

Gender Yes 

Racial Category Yes 

Ethnic Category Yes 

Highest Level of Education Yes 

Employment Status Yes 

Marital Status No 

Household Annual Income No 

Blood Sample ID Yes 

Saliva Sample ID Yes 

Once the location of the necessary data was identified, it was then determined 

which data would need to be transformed to fit the value ranges specified by NIMH (as 

indicated with “Yes” in the second column of Table 1). A parallel integration task was to 

read a second input file containing a unique and deidentified NIMH ID (also called a 

Global Unique Identifier (GUID)) for each research subject that provided informed consent 

for sharing their data with NIMH. The NIMH ID was then used as an identifier for each 

research subject in the RDoC upload files. The extracted and transformed data then 

needed to be integrated into one or both NIMH csv files for upload. The integration 

process required grouping research subjects into biological families and assimilating each 

subject’s data into the NIMH specified variable locations. The unique Upstate ID and 

NIMH ID of genetically related family members are requested variables in the Res_Subj 
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file, so sorting into family groups is essential for creating both the FSD file and the 

Res_Subj file. 

The Python programming language, version 3.2, was used to create the RDoC-

integration application. 

As previously stated, the dataset contained 1362 research subjects. The data was 

read from a csv formatted spreadsheet. Each research subject record had 96 variables. 

From the 96 variables, the 14 key variables named in Table 1 were extracted. Additional 

data was derived from the extracted variables (such as deriving the name of the repository 

holding whole blood samples based on the biorepository ID) and data from genetically 

related research subjects was combined to construct the records of both RDoC upload 

files. The upload files contained 53 variables for each family in the FSD file and 51 

variables for each research subject in the Res_Subj file (Appendix 1). 

Before code was written, a UML timeline was constructed to outline the distinct 

functions of the application and the order of operations for each function (Figure 1). 

Figure 1 

 

 

 

 

 

 

 

 

 

 

Analysis of the UML Timeline in Figure 1 shows which functions are performed 

simultaneously. Due to the overlap of functionality, as can be seen in the program 

pseudocode in Appendix 4, integration of all data and writing of output should be 
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performed simultaneously for maximum efficiency. Loading of the data into the NIMH 

servers takes place through a utility provided by NIMH and is not a part of the timeline.  

The source files used in this project are not constant. New variables have been 

added to the dataset over the course of the first two years of the study. Since the location 

of data within the dataset is not constant, the Python application needed to read the 

variable titles in the source documents (see Figure 2 for an example of the source titles). 

The location of the necessary titles was indexed by the Python application so that 

pertinent data could be read (as specified in Table 1) from each indexed location for each 

individual. 

Figure 2: Sample titles from Upstate’s spreadsheet of research subject data. 

 

 

Once the data was located, values were extracted and transformed (if necessary) 

for each individual and stored using a primary key of the composite of “FamID” and “Ind. 

ID” (these titles can be seen in Figure 2). Primary keys were then sorted, placing each 

family into a group and then sorted by “Ind. ID” within each family. The “Ind. ID” value 

signifies that individual’s role in the family grouping: 01 is the primary research subject, in 

this case, a child with a mental health issue; 02 is the genetic father of 01; 03 is the genetic 

mother of 01; 04, 05, 06, and 07 are genetic siblings of 01 (NIMH is only requesting data 

for up to 4 siblings at this time).  

Next, the NIMH ID information is read from a second csv file and stored under a 

matching primary key (FamID + Ind. ID). 

The NIMH upload files are constant, so the Python application was programmed 

to know the exact index destination for each research subject’s data. The application 

iterates through each “Ind. ID” and populates the indexed locations for each NIMH upload 
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file. Once the application reaches a new “FamID,” the program writes the accumulated 

records (which includes one family record and a separate research subject record for 

each family member) into the appropriate NIMH upload files. The process of populating 

record data and writing the output is repeated for each family.  

Once the application finishes iterating through every record, all data will be 

integrated and processed for upload. The created csv files can then be manually reviewed 

and eventually uploaded to NIMH. 

Results 

Field testing of a beta version of the Python application was performed on April 10, 

2017. In total, 1354 of Upstate’s 1362 research subject records processed correctly. Due 

to idiosyncratic and missing data, it was expected that some families would not be 

processed by the Python application. Since the unprocessed records have historically not 

been uploaded to the NIMH data warehouse, it is only an approximation to say the 

program was 99.4% successful. Both the FSD and Res_Subj files have been created by 

the application and have been confirmed to be correctly formatted and all data is 

presented in the acceptable ranges. During field testing, I was made aware of an 

additional variable in the source file that indicates whether each individual has given 

informed consent for sharing their data with NIMH. Program code was added to find this 

variable and skip any individual that has not given consent. Since the consent variable 

was unknown in the planning stage, there is no other mention of this variable in this 

current document. 

The application processes all data in seconds, effectively saving at least 80 work-

hours for the Upstate RDoC team for each six-month reporting cycle. All data will 

transform and integrate consistently every time the application is run. By using a custom-

made application for the process of ETL and integration, human typographical errors and 

copy and paste errors will be eliminated. Since the process is semi-automated, there will 

still be the opportunity for human intervention to manage idiosyncratic data such as 

managing split families where genetic siblings may be represented under a separate 
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Upstate family group (“FamID”). Output data is readable by any software that can read 

csv files (such as Microsoft Excel) allowing human quality assurance to safeguard for 

appropriate transformation and integration of data.  

    Images of the application interface and user instructions can be seen in Appendix 2. 

Future Plans 

Actual loading of the data output from this project into the NIMH system will not 

take place until July 2017. Until that time, I will work on improvements in the application’s 

usability by implementing a graphical interface. I will also refine the application’s capability 

for managing idiosyncratic data.  

“Data error checking,” as indicated in the right-most column of Figure 1, has not 

been fully implemented. Code will be added to the program to look for missing data, 

including situations where a family may be missing a key individual such as the primary 

subject (“01” or proband). The goal of the next revision of the application will be to process 

all 1362 records, including those with idiosyncratic or missing data, and notify the user 

via a third output file (named “needs_attention.txt”) of when and which records are not 

included in the output along with a reason why the record needed to be excluded.  

The source file used for field testing has an unstructured text field where the team 

can make notes about individuals and/or families. A future release of the RDoC-Integr8 

application will read this free-text and include notes to the user in the needs_attention.txt 

output file. Additionally, the needs_attention.txt file will contain statistics for how many 

records were processed and an accounting of the location of the original source data for 

processing reproducibility. 
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Discussion 

Creating a successful data warehouse requires planning and rules to maintain the 

integrity of data as well as usability / interpretability of the data. Goble and Stevens (2008) 

specify the following 6 needs for sharing complex biomedical data: 1) The need for 

common, shared identities and names; 2) The need for shared semantics; 3) The need 

for shared and stable access to the data; 4) The need to adhere to the established 

standards; 5) The need to explicitly state collection policies and governance; and 6) The 

need to balance data curation with data usability.  

Goble and Stevens (2008) predict future adaptations in Resource Description 

Framework (RDF) data warehouses that will more fully integrate the ideals of the 

Semantic Web “to create a single Web of biological data and knowledge that can be 

crawled and queried” using familiar web browsing user interfaces. Figure 3 is a graphical 

representation of semantic sharing of data. 

Figure 3: Data sharing using semantic tag linkage and controlled vocabularies. Data is then accessed 

through a Web browsing interface (Goble and Stevens, 2008) 

 

 

 

 

The ontology mentioned in Figure 3 refers to a common concept definition agreed 

upon by various researchers to facilitate mutual understanding for a set of concepts 

(Karasavvas, Baldock and Burger, 2004).  

Full semantic linking of biomedical data is not yet a reality, so we still need to be 

good stewards of data integrity to ensure proper data classifications for accurate data 

analyses. 
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Despite clinical diagnoses having a heterogeneous mix of determinant factors, the 

trend is to treat patients based on a diagnosis rather than treating the problem(s) that 

initially brought the individual to the clinician (Cuthbert and Insel, 2010). Creating more 

specific classifications of disorders will lead to precise treatment of each patient. From 

what we can see in this current project, RDoC is an effort to supplement heterogeneous 

diagnosis classifications with homogenous groupings of characteristics within a matrix of 

psychiatric constructs. For example, under a grouping labelled “Positive Valence 

Systems,” constructs are labeled as “Approach Motivation,” “Initial Responsiveness to 

Reward Attainment,” “Reward Learning,” and “Habit” (NIMH, “RDoC Matrix”). The 

constructs exist as a way for researchers to pattern their investigations to accumulate 

research subject data including patient self-report of symptomology, environmental 

considerations, brain activity, genomics and inheritance.  

Beyond accurate classification of symptomology for each individual patient, an 

additional goal of the NIMH is to use the accumulated data to allow clinicians to prevent 

the onset of mental disease symptoms. “The best time to address a mental illness is 

before the appearance of symptoms that disrupt daily life.” (NIMH, “Strategic Objective 2”)  

Educational Statement 

Utilizing a programming language like Python is effective for manipulating large 

amounts of data. Using a customized application for the ETL process eliminates the 

chance for variations in interpretation of the rules for extraction and transformation. Since 

the application is not copying and pasting data from a 2-dimentional spreadsheet, there 

is no chance that the program will accidentally copy from an incorrect record in the 

spreadsheet. Any errors performed by the application would be consistent and would be 

ubiquitous in the output. At this time, no errors in the currently discussed application’s 

output have been found.  

I have a heightened appreciation for data cleaning and the importance of 

accurately executing the ETL process. Without precision in transforming data into an 
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acceptable format, a data warehouse cannot be effectively used for data analysis and “as 

needed” querying of the data will not be possible.  

Data is messy. Our habit is to accumulate as much data as possible. The end 

result is that we end up with too many variables and inconsistent recording of values. The 

specific structure of the RDoC data warehouse, as can be interpreted from Appendix 1, 

fills the need for 1) variable titles and type of data; 2) specific value ranges; 3) a common 

location to store RDoC data; 4) insistence that data adheres to the specified semantics; 

5) specific cycles and rules for collecting data; and 6) a method for storing the data so all 

researchers will be better able to access the data and create more thorough conclusions 

based on the available data (adapted from the data integration “needs” in Goble and 

Stevens, 2008). 

“Integration is a complex task aiming to provide a unified view of the underlying 

resources, while eliminating potential technical and semantic heterogeneity.” 

(Karasavvas, Baldock and Burger, 2004). The unification of biomedical data will result in 

better research, improved knowledge, and more personalized care for each person.  
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Appendix 1: Full data dictionary as specified by NIMH 

Selected value ranges explained 

Highest Level of 
Education Achieved 

99=Don't know; 77=Refused;  1=8th grade or less;  2=9th grade or above, not a high school graduate; 3= 
high school graduate or GED; 4= post high school education, no college degree; 5=vocational-technical = 
degree or certificate; 6=2-year college degree/associate degree; 7= 4-year college degree/BA, BS degree; 
8= some BA/BS work, no degree; 9=master degree, e.g.  MSW, MA, MFA, MPH, MBA; 10=PHD, MD, JD, LLB, 
or other professional graduate degree; 11=other; 12=Less than high school diploma/GED  

Current employment 
1=Working full time(35hrs or more a week at one or more jobs); 2=Working part time; 3=Keeping house; 
4=Unemployed, looking for work; 5=Unemployed, not looking for work; 6=Disabled; 7=Retired; 8=Student, 
full time; 9=Student, part time; 10=Other; 11 =Unemployed; 99=Not in household; 12 = Self-employed 

Marital status 1=Married; 2=Never Married; 3=Not married (living together); 4=Divorced; 5=Separated; 6=Widowed 

Household annual 
income 

1=<3,001; 2=3,001-5,000; 3=5,001-10,000; 4=10,001-20,000; 5=20,001-30,000; 6=30,001-40,000; 7=40,001-
50,000; 8=50,001-75,000; 9=75,001-100,000; 10=100,001 and above; 11=Would rather not say 

Appendix 1a: Family Studies Demographics 

ElementName DataType Size Required ElementDescription ValueRange 

subjectkey GUID  Required 
The NDAR Global Unique Identifier 
(GUID) for research subject 

NDAR* 

src_subject_id String 20 Required 
Subject ID how it's defined in 
lab/project 

 

interview_date Date  Required 
Date on which the interview/genetic 
test/sampling/imaging was 
completed. MM/DD/YYYY 

 

interview_age Integer  Required 
Age in months at the time of the 
interview/test/sampling/imaging. 

0 :: 1260 

gender String 20 Required Sex of the subject M;F 

race String 30 Recommended Race of study subject 

American Indian/Alaska 
Native; Asian; Hawaiian or 
Pacific Islander; Black or 
African American; White; 
More than one race; 
Unknown or not reported 

ethnicity String 30 Recommended Ethnicity of participant 
Hispanic or Latino; Not 
Hispanic or Latino; 
Unknown 

subjectkey_father GUID  Recommended 
The NDAR Global Unique Identifier 
(GUID) for subject's biological father 

NDAR* 

src_father_id String 100 Recommended site specific father ID  

ques_agebf Integer  Recommended Age -Biological Father(in months) 0 :: 1200; -999 

ques_genderbf String 50 Recommended Gender -Biological Father M;F 

bio_father_race String 150 Recommended Biological Father Race 

American Indian/Alaska 
Native; Asian; Hawaiian or 
Pacific Islander; Black or 
African American; White; 
More than one race; 
Unknown or not reported 
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bio_father_ethnicity String 50 Recommended 
"Biological Father ethnicity (Hispanic 
or Latino, Not Hispanic or Latino, No 
Answer)" 

Hispanic or Latino; Not 
Hispanic or Latino; No 
Answer 

et2b Integer  Recommended 
Highest Level of Education Achieved. 
Biological father 

1::12; 99; 77 

dem_08b Integer  Recommended Father current employment 1::12;99 

fa_maritalstatus Integer  Recommended Marital status (biological father) 1::6 

fa_householdincome Integer  Recommended 
Household annual income (biological 
father) 

1::11 

subjectkey_mother GUID  Recommended 
The NDAR Global Unique Identifier 
(GUID) for subject's biological mother 

NDAR* 

src_mother_id String 100 Recommended site specific mother ID  

ques_agebm Integer  Recommended Age -Biological Mother(in months) 0 :: 1200; -999 

ques_genderbm String 50 Recommended Gender -Biological Mother M;F 

bio_mother_race String 150 Recommended Biological Mother Race 

American Indian/Alaska 
Native; Asian; Hawaiian or 
Pacific Islander; Black or 
African American; White; 
More than one race; 
Unknown or not reported 

bio_mother_ethnicity String 50 Recommended Biological Mother Ethnicity 
Hispanic or Latino;Not 
Hispanic or Latino; No 
Answer 

et2a Integer  Recommended 
Highest Level of Education Achieved. 
Biological mother 

1::12; 99; 77 

dem_08a Integer  Recommended Mother current employment 1::11;99 

mo_maritalstatus Integer  Recommended Marital status (biological mother) 1::6 

mo_householdincome Integer  Recommended 
Household annual income (biological 
mother) 

1::11 

subjectkey_sibling1 GUID  Recommended 
The NDAR Global Unique Identifier 
(GUID) for subject's sibling 

NDAR* 

src_sibling1_id String 100 Recommended site specific sibling1 ID  

ques_age1 Integer  Recommended Age -Sibling 1(in months) 0 :: 1200 

ques_gender1 String 50 Recommended Gender -Sibling 1 M;F;T 

sib1_race String 30 Recommended Race- Sibling 1 

American Indian/Alaska 
Native; Asian; Hawaiian or 
Pacific Islander; Black or 
African American; White; 
More than one race; 
Unknown or not reported 

sib1_ethnicity String 30 Recommended Ethnicity- Sibling 1 
Hispanic or Latino; Not 
Hispanic or Latino; No 
Answer 

subjectkey_sibling2 GUID  Recommended 
The NDAR Global Unique Identifier 
(GUID) for subject's sibling 

NDAR* 

src_sibling2_id String 100 Recommended site specific sibling2 ID  

ques_age2 Integer  Recommended Age -Sibling 2(in months) 0 :: 1200 
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ques_gender2 String 50 Recommended Gender -Sibling 2 M;F 

sib2_race String 30 Recommended Race- Sibling 2 

American Indian/Alaska 
Native; Asian; Hawaiian or 
Pacific Islander; Black or 
African American; White; 
More than one race; 
Unknown or not reported 

sib2_ethnicity String 30 Recommended Ethnicity- Sibling 2 
Hispanic or Latino; Not 
Hispanic or Latino; No 
Answer 

subjectkey_sibling3 GUID  Recommended 
The NDAR Global Unique Identifier 
(GUID) for subject's sibling 

NDAR* 

src_sibling3_id String 100 Recommended site specific sibling3 ID  

ques_age3 Integer  Recommended Age -Sibling 3(in months) 0 :: 1200 

ques_gender3 String 50 Recommended Gender -Sibling 3 M;F 

sib3_race String 30 Recommended Race- Sibling 3 

American Indian/Alaska 
Native; Asian; Hawaiian or 
Pacific Islander; Black or 
African American; White; 
More than one race; 
Unknown or not reported 

sib3_ethnicity String 30 Recommended Ethnicity- Sibling 3 
Hispanic or Latino; Not 
Hispanic or Latino; No 
Answer 

subjectkey_sibling4 GUID  Recommended 
The NDAR Global Unique Identifier 
(GUID) for subject's sibling 

NDAR* 

src_sibling4_id String 100 Recommended site specific sibling4 ID  

ques_age4 Integer  Recommended Age -Sibling 4(in months) 0 :: 1200 

ques_gender4 String 50 Recommended Gender -Sibling 4 M;F 

sib4_race String 30 Recommended Race- Sibling 4 

American Indian/Alaska 
Native; Asian; Hawaiian or 
Pacific Islander; Black or 
African American; White; 
More than one race; 
Unknown or not reported 

sib4_ethnicity String 30 Recommended Ethnicity- Sibling 4 
Hispanic or Latino; Not 
Hispanic or Latino; No 
Answer 

mother_other_race String 20 Recommended Mother Other race (please specify):  

father_other_race String 20 Recommended Father Other race (please specify):  
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Appendix 1b: Research Subjects File  

ElementName DataType Size Required ElementDescription ValueRange 

Subjectkey GUID  Required 

The NDAR Global Unique 
Identifier (GUID) for research 
subject NDAR* 

src_subject_id String 20 Required 
Subject ID how it's defined in 
lab/project  

interview_date Date  Required 

Date on which the 
interview/genetic 
test/sampling/imaging was 
completed. MM/DD/YYYY  

interview_age Integer  Required 
Age in months at the time of the 
interview/test/sampling/imaging. 0 :: 1260 

Gender String 20 Required Sex of the subject M;F 

Race String 30 Required Race of study subject 

American Indian/Alaska 
Native; Asian; Hawaiian or 
Pacific Islander; Black or 
African American; White; 
More than one race; 
Unknown or not reported 

ethnic_group String 255 Recommended Ethnic group  

Phenotype String 200 Required 
Phenotype/diagnosis for the 
subject  

phenotype_description String 4000 Required 
Description of the phenotype for 
the subject  

twins_study String 100 Required Is this study of twins? Yes;No 

sibling_study String 50 Required 
Was it sibling study? Study of 
sibling(s) of autistic child. Yes;No 

family_study String 100 Required 

Was it family study? Study of 
biological mother, biological 
father and/or sibling of proband. Yes;No 

family_user_def_id String 20 Conditional Family Pedigree User-Defined ID  

subjectkey_mother GUID  Recommended 

The NDAR Global Unique 
Identifier (GUID) for subject's 
biological mother NDAR* 

src_mother_id String 100 Conditional site specific mother ID  

subjectkey_father GUID  Recommended 

The NDAR Global Unique 
Identifier (GUID) for subject's 
biological father NDAR* 

src_father_id String 100 Conditional site specific father ID  

subjectkey_sibling1 GUID  Conditional 

The NDAR Global Unique 
Identifier (GUID) for subject's 
sibling NDAR* 

src_sibling1_id String 100 Conditional site specific sibling1 ID  

sibling_type1 String 255 Conditional Type of Sibling 

Full Brother FB; Half 
Mother Brother HMB; 
Half Father Brother HFB; 
Full Sister FS; Half Mother 
Sister HMS; Half Father 
Sister HFS 
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subjectkey_sibling2 GUID  Recommended 

The NDAR Global Unique 
Identifier (GUID) for subject's 
sibling NDAR* 

src_sibling2_id String 100 Recommended site specific sibling2 ID  

sibling_type2 String 255 Recommended sibling type 

Full Brother FB; Half 
Mother Brother HMB; 
Half Father Brother HFB; 
Full Sister FS; Half Mother 
Sister HMS; Half Father 
Sister HFS 

subjectkey_sibling3 GUID  Recommended 

The NDAR Global Unique 
Identifier (GUID) for subject's 
sibling NDAR* 

src_sibling3_id String 100 Recommended site specific sibling3 ID  

sibling_type3 String 255 Recommended sibling type 

Full Brother FB; Half 
Mother Brother HMB; 
Half Father Brother HFB; 
Full Sister FS; Half Mother 
Sister HMS; Half Father 
Sister HFS 

subjectkey_sibling4 GUID  Recommended 

The NDAR Global Unique 
Identifier (GUID) for subject's 
sibling NDAR* 

src_sibling4_id String 100 Recommended site specific sibling4 ID  

sibling_type4 String 255 Recommended sibling type 

Full Brother FB; Half 
Mother Brother HMB; 
Half Father Brother HFB; 
Full Sister FS; Half Mother 
Sister HMS; Half Father 
Sister HFS 

zygosity String 255 Conditional Zygosity 
monozygous; dizygous; 
trizygotic 

sample_taken String 50 Required 

Was a sample taken at this 
interview/during this project 
time Yes;No 

sample_id_original String 100 Conditional Original, user-defined Sample ID  

sample_description String 3500 Conditional 
Sample description: tissue type, 
i.e. blood, saliva, brain etc. 

whole blood; saliva; brain; 
urine; serum; plasma; 
CSF; IPS; Fibroblast; 
Neuronal Progenitor; skin 
biopsy; temporal cortex; 
lymphoblastoid cell line; 
unknown; semen; frontal 
cortex; parietal cortex; 
basal ganglia; Placenta 

biorepository_name String 100 Conditional 
Biorepository where sample is 
stored  

sample_id_biorepository String 100 Conditional Biorepository Sample ID  

patient_id_biorepository String 100 Conditional Biorepository Patient ID  

cell_id_original String 100 Recommended Original, user-defined cell line ID  

cell_id_biorepository String 100 Recommended Biorepository cell line ID  

agre_subject_id String 100 Recommended AGRE subject ID  
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sfari_subject_id String 100 Recommended SFARI subject ID  

cpea_site String 100 Recommended CPEA/STAART site name  

cpea_id String 100 Recommended CPEA/STAART subject ID  

blood_id String 100 Recommended blood ID  

adi_dx String 15 Recommended ADI: Diagnosis  

ados_dx String 15 Recommended ADOS Diagnosis  

agp_family_id String 100 Recommended AGP family ID  

agp_subject_id String 100 Recommended AGP subject ID  

site String 100 Recommended Site  

comments_misc String 4000 Recommended 

Miscellaneous comments on 
study, interview, methodology 
relevant to this form data  

week Float  Recommended Week in level/study  

study String 100 Recommended Study  
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Appendix 2: User instructions for the RDoC integration application (RDoC-Integr8).  

 
Note: “GUID” stands for “Global Unique Identifier.” This is another term used to describe the NIMH assigned ID. To learn more, 

go to:  https://data-archive.nimh.nih.gov/ndct/s/guid/nda-guid.html 

To use RDoC-Integr8, you need to first download a zip file containing the application from: 

 http://pi.cs.oswego.edu/~jmiles3/integr8/  

               

After download, unzip the contents into a directory on your computer. 

Open the directory (probably named RDoC-Integr8) and run the RDoC-Integr8.exe application 

                

When prompted, choose the source comma separated variables (csv) file that contains the source data 

for your research subjects: 

                 

 

 

Then, you will be prompted for the csv file containing the research subject NIMH IDs (aka GUIDs): 

 

                 

You will then choose the location of your output: 

                

 

  

When the application completes, you will 

be notified and the output directory will 

open for your inspection. 

 

https://data-archive.nimh.nih.gov/ndct/s/guid/nda-guid.html
http://pi.cs.oswego.edu/~jmiles3/integr8/
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Appendix 2: continued 

Prerequisites for using RDoC-Integr8.exe 

• If you are downloading the zip file from http://pi.cs.oswego.edu/~jmiles3/integr8/, your 

computer virus protection may be very suspicious of this randomly downloaded executable. 

Use your best judgement in choosing to override your virus protection.   

• The Upstate RDoC research subjects spreadsheet needs to be saved as a ‘csv’ format. 

o There is no need to manipulate any of the rows or columns since the application will 

search the file for the necessary variables (columns) and will sort the records (rows). 

Manual manipulation of the source file is unnecessary and could result in errors. 

o If the wording of the variable (column) titles has changed, the application will not know 

where to find data. This applies to the variables in Table 1. At this time, changes in title 

names (for those named in Table 1) will require a simple change to RDoC-Integr8. 

o Remember the name and location of your source csv files so you will be able to find 

each file when prompted by RDoC-Integr8 

• The NIMH ID (GUID) file also needs to be in ‘csv’ format and needs to have at least 2 columns: 

o One column titled “subjectkey” that contains NIMH IDs (GUIDs) 

o A second column titled “src_subject” that contains Upstate IDs 

▪ Upstate IDs are expected to end in XXXXYY where XXXX is family ID and YY is the 

individual ID. (501XXXXYY also works since the 501 is ignored) 

▪ Column titles are not case sensitive. 

▪ Any characters after the above listed titles are ignored, 

• For example: “src_subject_id” would be read as “src_subject” 

• If there are any problems with the application, please address all concerns to: 

jmiles3@oswego.edu  

  

http://pi.cs.oswego.edu/~jmiles3/integr8/
mailto:jmiles3@oswego.edu


Joseph Miles P a g e  | 23 May 11, 2017 

 Data Integration Project with Upstate Medical University 

Appendix 3: Resources 

Appendix 3a: A list of useful resources utilized for this project. 

Lynda.com: “Programming Foundations” courses.  

• If you have little to no programming experience, start with “Real-World Examples.” 

o Python is used, but topics are discussed generally 

• “Object-Oriented Design” is great for learning how to plan a programming project. 

o Not language specific. Unified Modeling Language (UML) discussed at length. 

•  “Fundamentals” is interactive experience for programming basics applicable to any language.  

o Javascript is used, activities include sample code templates and various exercises. 

Having a book specific to your programming language is useful. Python books I used: 

• “Python for Informatics” by Charles Severance 

• “Python Crash Course” by Eric Matthes 

• “Python Pocket Reference” by Mark Lutz 

There are many resources on the Internet. Python resources I used include: 

• “Interactive Python.” (Try code interactively, also sample algorithms) 

http://interactivepython.org/courselib/static/pythonds/Introduction/toctree.html 

• “PythonProgramming.net.” (Useful instructional videos)                                           

https://pythonprogramming.net/introduction-to-python-programming/ 

Code editor: 

• Geany: Intuitive code editor. Code can be tested (executed) from within the editor.  

o Free download from: https://www.geany.org/   

The most valuable resource you have is the shared experiences of other programmers: 

• https://stackoverflow.com 

Appendix 3b: List of Certificates of Completion Acquired During the Internship 
Course Name Certifier Link 

Biomedical Data or Specimens Only Research CITI https://tinyurl.com/MilesBiomedResearchCert  

Conflicts of Interest CITI https://tinyurl.com/MilesCOICert  

Protecting Human Research Participants NIH https://tinyurl.com/MilesNIHPHRPCert  

Programming Foundations: Real-World 
Examples 

Lynda.com http://tinyurl.com/MilesFoundationsRW  

Programming Foundations: Object-Oriented 
Design 

Lynda.com http://tinyurl.com/MilesFoundationsOOD  

Programming Foundations: Fundamentals Lynda.com http://tinyurl.com/MilesFoundationsFnd  

Learning Python Lynda.com http://tinyurl.com/MilesLearnPython  

Python GUI Development with Tkinter Lynda.com http://tinyurl.com/MilesPythonTk  

http://interactivepython.org/courselib/static/pythonds/Introduction/toctree.html
https://pythonprogramming.net/introduction-to-python-programming/
https://www.geany.org/
https://stackoverflow.com/
https://tinyurl.com/MilesBiomedResearchCert
https://tinyurl.com/MilesCOICert
https://tinyurl.com/MilesNIHPHRPCert
http://tinyurl.com/MilesFoundationsRW
http://tinyurl.com/MilesFoundationsOOD
http://tinyurl.com/MilesFoundationsFnd
http://tinyurl.com/MilesLearnPython
http://tinyurl.com/MilesPythonTk
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*FSD-5 variable list:  

1. ID 

2. Age 

3. Gender 

4. Race 

5. Ethnicity 

**FSD-4 “parental” 

variables:  

1. Education 

2. Employment 

3. Marital status 

4. House Income 

 

∆Res_Subj-6 

common variables: 

Indexes 8, 9, 10,  

            11, 47, 50 

 Values on lines                   

440-447 in code 

 
∆∆Res_Subj-11 

variables list: 
1. ID 

2. Family ID 

3. Interview Date 

4. Month Age 

5. Gender 

6. Race 

7. Ethnicity 

8. Mental Health? 

(yes/no) 

9. Sample Type 

10. Biorepository 

11. Biorepository ID 

 

Appendix 4: RDoC-Integr8.py program code (5/10/2017) 

Pseudocode for creating the fsd csv file is as follows: 

For each subject is subjects_list: 

 If FamID not equal to previous FamID: 

   Write previous family as csv output 

   Clear buffer 

   Initialize a new family unit (data list with 53 empty variables)  

  If subject has Individual ID of 01: 

   Integrate interview date 

   Integrate data from 01 into specified NIMH variables indexes (5 vars*) 

   Integrate GUID value 

  If subject has Individual ID of 02 or 03: 

   Integrate parent data into NIMH variable indexes (5 vars* plus 4 parental vars**) 

   Integrate GUID value 

  If subject has Individual ID of 04, 05, 06, 0r 07:  

   Integrate sibling data into NIMH variable indexes (5 vars*) 

   Integrate GUID value 

If last family: 

  Write last family as csv output 

  Clear buffer 

Creating the Res_Subj csv file is very similar to creating the fsd csv file: 

For each subject is subjects_list: 

 If FamID not equal to previous FamID: 

   For each member of family in range x: 

    Write subject data to output (if applicable) 

   Clear buffer 

   x = 0 (counter for individuals in the family) 

  If subject has Individual ID of 01: x += 1 

   Start a new01 Research Subject (data list with 45 empty vars + 6 common vars∆) 

   Integrate data for 01 into specified NIMH variables indexes (11 vars∆∆) 

   Integrate GUID value 

  If subject has Individual ID of 02 or 03: x += 1 

   Start a new0x Research Subject (data list with 45 empty vars + 6 common vars∆) 

   Integrate data for 02 (or 03) into specified indexes (11 vars∆∆) 

   Integrate GUID value 

   Integrate data for 02 (or 03) into index for new01  # add parent info to “01” 

  If subject has Individual ID of 04, 05, 06, 0r 07: x += 1 

   Add new sibling ID to previous sibling (if 04, previous sibling is 01) 

   Start a new0x Research Subject (data list with 45 empty vars + 6 common vars∆) 

   Integrate data for 04 (or 5,6,7) into specified indexes (11 vars∆∆) 

   Copy family data from previous sibling [01, 04, etc] into a new0x Research Subject 

   Copy previous sibling [01, 04, etc] as “sibling” for new0x Research Subject 

  If last family: 

 For each member of family in range x: 

  Write subject data to output 

 Clear buffer 
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Appendix 4: RDoC-Integr8.py program code (5/10/2017) 
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Appendix 4: RDoC-Integr8.py program code (5/10/2017), continued  
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Appendix 4: RDoC-Integr8.py program code (5/10/2017), continued  
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Appendix 4: RDoC-Integr8.py program code (5/10/2017), continued  
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Appendix 4: RDoC-Integr8.py program code (5/10/2017), continued  
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Appendix 4: RDoC-Integr8.py program code (5/10/2017), continued  
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Appendix 4: RDoC-Integr8.py program code (5/10/2017), continued  
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Appendix 4: RDoC-Integr8.py program code (5/10/2017), continued  
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Appendix 4: RDoC-Integr8.py program code (5/10/2017), continued  
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Appendix 4: RDoC-Integr8.py program code (5/10/2017), continued  
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Appendix 4: RDoC-Integr8.py program code (5/10/2017), continued  
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Appendix 5: Project presentation (slides 1-6),  

 http://pi.cs.oswego.edu/~jmiles3/bhi/ETL-Integrate.pdf  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://pi.cs.oswego.edu/~jmiles3/bhi/ETL-Integrate.pdf
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Appendix 5: Project presentation (slides 7-12), 

 http://pi.cs.oswego.edu/~jmiles3/bhi/ETL-Integrate.pdf  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://pi.cs.oswego.edu/~jmiles3/bhi/ETL-Integrate.pdf
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Appendix 5: Project presentation (slides 13-18), 

http://pi.cs.oswego.edu/~jmiles3/bhi/ETL-Integrate.pdf  
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Appendix 5: Project presentation (slides 19-21), 

http://pi.cs.oswego.edu/~jmiles3/bhi/ETL-Integrate.pdf  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Full presentation downloadable from: http://pi.cs.oswego.edu/~jmiles3/bhi/ETL-Integrate.pdf  

 

A video presentation of the above slides can be viewed on YouTube: https://youtu.be/v1EA4LqbpMU  

  

http://pi.cs.oswego.edu/~jmiles3/bhi/ETL-Integrate.pdf
http://pi.cs.oswego.edu/~jmiles3/bhi/ETL-Integrate.pdf
https://youtu.be/v1EA4LqbpMU
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Addendum: Project performance report and update from July 3, 2017 (page 1) 

Since May 11, 2017, two major and two minor updates were made for the RDoC-Integr8 application. 

1. Major update one was to generate a feedback file that gives the user information about what 

was processed each time the application is run. RDoC-Integr8 looks for any potential problems 

in the source data and reports that back to the user. The application also documents the names 

and location of all source data for future reproducibility of results. 

2. Major update two created a graphical interface for RDoC-Integr8 as seen in the following figure: 

 

After implementing the two major updates to RDoC-Integr8, some idiosyncrasies in the source data 

were discovered that led to two other minor updates: 

i. Minor update one allowed the program to appropriately process research subjects that are 

uniquely identified in the source data with alternate subject suffixes. Typically, subject IDs 

have a suffix range of 01 to 07 to identify each subject’s role in a nuclear family (02 = father, 

03 = mother, etc), but sometimes alternate suffixes are used when the research subject 

doesn’t fit into a predefined family role. 

ii. Minor update two allows RDoC-Integr8 to process subjects that are lacking characters in 

their subject IDs. Due to various ways of recording the source data, leading zeroes in ID 

fields are sometimes removed by the program recording the data. Subject IDs are 9-digit 

numbers and are broken into 3 parts: a leading 501 to indicate an Upstate Medical subject, 

followed by a 4-digit code to indicate the nuclear family ID, and a 2-digit suffix as described 

in “minor update one” above. RDoC-Integr8 will now normalize all subjects to the 9-digit 

standard by adding preceding zeroes. For example, subject 2 of family 1 would be processed 

as 501000102 whether or not preceding zeroes are indicated in the source data. 
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Addendum: Project performance report and update from July 3, 2017 (page 2: performance results) 

RDoC-Integr8 version 1.2.2 was used on July 3, 2017 to process all Upstate Medical University RDoC 

Research subjects. In many cases, research subjects choose not to give consent for sharing their data 

with NIMH. Since part of the feedback from RDoC-Integr8 is to notify the user of all unprocessed 

research subjects, including those that did not give consent for sharing data, it was the choice of the 

RDoC team to clean the source data of all individuals that had not provided consent. As a result of 

updates to the application and cleaning the source data, every research subject was processed by RDoC-

Integr8: 100% success as seen in the following excerpt from the feedback from RDoC-Integr8. 

 

An explanation of the above results: 

• 1761 research subjects were in the source file and all were processed 

• Family IDs 0074, 0148, and 0648 have two fathers (suffix of 02) and one mother (suffix of 03) 

respectively and are included in the research subject data but not directly linked to a family. Due 

to mixed family dynamics, sometimes parents may not have genetic relationships with the other 

members of the family and need to be handled individually. 

• Subject (501)060742 has a suffix of 42 which is an idiosyncrasy that needs to be addressed 

manually. The subject’s data is processed, but the RDoC team may choose to update 

information for that individual before uploading data to NIMH.  


