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Abstract

Objective: The All of Us Evenings with Genetics (EwG) Research Program at Baylor College of Medicine (BCM), funded to engage research
scholars to work with the All of Us data, developed a training curriculum for the Researcher Workbench, the platform to access and analyze All
of Us data. All of Us EwG developed the curriculum so that it could teach scholars regardless of their skills and background in programming
languages and cloud computing. All of Us EwG delivered this curriculum at the first annual All of Us EwG Faculty Summit in May 2022.
The curriculum was evaluated both during and after the Faculty Summit so that it could be improved for future training.

Materials and Methods: Surveys were administered to assess scholars’ familiarity with the programming languages and computational tools
required to use the Researcher Workbench. The curriculum was developed using backward design and was informed by the survey results, a
review of available resources for training users on the Researcher Workbench, and All of Us EwG members’ collective experience training
students. The curriculum was evaluated using feedback surveys during the Faculty Summit as well as virtual meetings and emails following the
Faculty Summit.

Results: The evaluation results demonstrated the success of the curriculum and identified areas for improvement.

Discussion and Conclusion: The curriculum has been adapted and improved in response to evaluations and in response to changes to the
All of Us data and infrastructure to train more researchers through this program and other scholarly programs.

Key words: curriculum; continuing education; biomedical research; medical informatics; genomics.

health history, healthcare access, and social determinants of
health.* Genomic data include whole genome sequencing and
genotyping array data, both of which are generated from

includes the Department of Health and Human Services sup- participant-donated biosamples. The All of Us Research Pro-

ported All of Us Research Program that has developed one of ~ 8f3m offers multiple enrollment options for participants:

the most expansive and diverse health data repositories.'” partnering health care provider organizations, participant
centers, or online (https://joinallofus.org).

The All of Us data are projected to include one million partic-
ipants from various races, ethnicities, age groups, geographic
locations, and more.® These participants include groups his-
torically underrepresented in biomedical research (UBR) and

Background and significance
The All of Us Research Program

The Precision Medicine Initiative from the White House

The All of Us Researcher Workbench platform

To ensure the privacy of participants sharing their data, the

groups typically with poor access to healthcare."® The data
include demographic, survey, electronic health record (EHR),
physical measurement, Fitbit, and genomic data from partici-
pants. EHR data include laboratory test results, disease diag-
noses, procedures, and medications. The survey data include
self-reported answers on topics, such as lifestyle, family

All of Us data can only be accessed and analyzed by research-
ers using the cloud-based All of Us Researcher Workbench
platform.” Individual participant-level data cannot be down-
loaded or exported.® Therefore, the tools of the Researcher
Workbench must be used for research with the All of Us
data. These tools developed by All of Us help users query the
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data, select data subsets, and analyze the datasets in the Goo-
gle Cloud via All of Us Jupyter Notebooks.”™ The platform
supports the Python and R programming languages, limited
bash commands, and genomic analysis software, including
Hail'® and PLINK."" Researchers affiliated with institutions
that have contractual access to the All of Us data can register
to use the Researcher Workbench. '

The All of Us Evenings with Genetics Research
Program

The All of Us Evenings with Genetics (EwG) Research Pro-
gram at the Department of Molecular and Human Genetics
(DMHG) at Baylor College of Medicine (BCM) is funded as a
community engagement partner by the National Institutes of
Health (NIH) to recruit and train research scholars from
diverse backgrounds to use the All of Us data for projects
through its annual All of Us Biomedical Researcher (BR)
Scholars Program (NIH Award #: OT2 OD031932)."% All of
Us EwG functions as a complementary but separate program
from the All of Us Research Program. While the work of All
of Us EwG is independent, NIH All of Us program officers
are informed of their progress and milestones. This communi-
cation ensures alignment with the broader All of Us goals of
promoting researcher engagement with the All of Us data for
precision medicine advancements.

The All of Us BR Scholars Program focuses on mentorship,
programming languages (Python and R), data analysis techni-
ques (statistical and genomic), and the execution of interdisci-
plinary group research projects that leverage All of Us data.
The annual program begins with a Faculty Summit, an inten-
sive four-day boot camp introducing the program, mentors,
All of Us data, and its analysis on the Researcher Work-
bench. At the Faculty Summit, scholars form research teams
and plan group research projects using the All of Us data that
they complete during the program year.

Scholars trained in the All of Us BR Scholars Program are
postdoctoral fellows or early-career faculty recruited from
across the United States, including from Minority Serving
Institutions (MSIs) and from UBR groups. Scholars have
interests aligned with the All of Us Research Program to fos-
ter research that advances health equity. Scholars have
diverse career goals, ranging from research to teaching to
clinical care, and this diversity supports the formation of
cross-disciplinary projects that may not occur in traditional
university settings. Scholars who join the program are typi-
cally new to utilizing the All of Us data for research and are
unfamiliar with the Researcher Workbench, including its
unique tools. Many scholars have a foundation in statistics
using software such as Statistical Analysis System (SAS) or
Statistical Package for the Social Sciences (SPSS). However,
few are familiar with basic programming and scripting, and
fewer still are familiar with cloud computing environments,
such as used in the Researcher Workbench.

The life sciences are rapidly transforming into data-driven
fields. The rise of genome sequencing, concomitant func-
tional genomics, and systems biology necessitates a growing
need for computational expertise.' This trend is highlighted
by various global surveys that identify the demand for more
programming, scripting, and other computational training
for life scientists.'” Large databases, such as that offered by
the All of Us Research Program, are indispensable to
researchers in this new era. However, the biological life scien-
ces higher education curricula have been slow to adopt
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bioinformatics skills and competencies training despite the
growing need in recent years.'®'” To bridge this gap, begin-
ner training is crucial for researchers to analyze the All of Us
data.

The All of Us data offer unique advantages and challenges
compared to other popular databases, such as Gene Expres-
sion Omnibus, which houses gene expression data. The All of
Us Research Program specifically focuses on utilizing data for
precision medicine research. The data are incredibly valuable
because of its unmatched diversity in participants, allowing
researchers to explore the influence of individual variations
across different populations. Additionally, the variety of
data, including genomic, EHR, and lifestyle information, all
collected from the same participants, enables research across
these data sources. Figure 1 provides a summary of the types
and quantity of data available across recent releases of the
data.'® Since the late 1990’s, nationwide biobanks that pro-
vide genomic data linked to EHR data have emerged in some
countries.'” Training researchers to access and analyze the
EHR-linked biobank data from All of Us will advance preci-
sion medicine but also teach skills on handling “big data”
that are increasingly becoming valuable with the rapidly
growing amount of data in the life sciences.*”

Objective

To enable rapid use of the Researcher Workbench for team
projects, one of the main tasks of All of Us EwG is to teach
scholars at the Faculty Summit how to access and analyze the
All of Us data, regardless of scholars having limited skills and
background in programming languages and cloud comput-
ing. This task was achieved by developing a training curricu-
lum and delivering it over four one-hour sessions during the
first annual Faculty Summit on May 19-21, 2022. This cur-
riculum was evaluated for its effectiveness during and after
the Faculty Summit so that the curriculum could be improved
for future delivery at the Faculty Summit and other scholarly
programs.

Materials and methods
Programming languages and computational tools
survey

To assess the comfort and familiarity of incoming scholars
with the programming languages and computational tools
used in the Researcher Workbench, the All of Us EwG team
prepared a survey included in the application for the All of
Us BR Scholars Program. The results of this survey were used
to inform the content of the training curriculum being cre-
ated, ensuring that it matched the skill levels of incoming
scholars.

Review of All of Us resources

Many resources from All of Us exist to train and help users
on the Researcher Workbench. These resources include You-
Tube videos (https://www.youtube.com/@researcherwork-
bench4940/videos), the User Support Hub (https://support.
researchallofus.org), and example projects within the
Researcher Workbench. The All of Us EwG team evaluated
and curated these resources into a synopsis to highlight those
that are most useful in different anticipated research contexts,
avoiding redundancy and ensuring that the training curricu-
lum complemented and did not duplicate existing content.


https://www.youtube.com/@researcherworkbench4940/videos
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Figure 1. Data types and their numbers available to researchers for recent releases of the All of Us data. Genomic data were first released in March
2022, two months before the Faculty Summit of the first All of Us BR Scholars Program in May 2022. Additional data were released shortly after the

Faculty Summit in June 2022.

Backward design of curriculum

To ensure effective training for the scholars on accessing and
analyzing the All of Us data on the Researcher Workbench,
the curriculum for the four Faculty Summit training sessions
was developed using Understanding by Design by Wiggins
and McTighe.?" The framework emphasizes backward design
through a three-stage approach: (1) “Identify desired
results,” such as what a student should know, understand,
and be able to do; (2) “Determine acceptable evidence” that a
student has understanding and proficiency; and (3) “Plan
learning experiences and instructions.” An example of the
backward design of the first session is provided in Supple-
mentary Appendix S1.

The curriculum was also informed by All of Us EwG mem-
bers’ collective decades of experience training biomedical stu-
dents from the undergraduate to postgraduate level.
PowerPoint slides were prepared using the All of Us Research
Program’s Registered and Controlled Tier Curated Data
Repository (CDR) version 5.

Additional resources selected and curated

In addition to the live training materials, the All of Us EwG
team selected and curated resources to give scholars for self-
paced, asynchronous learning after the Faculty Summit. The
resources were chosen to provide support to scholars new or
wanting to grow their programming and data analysis skills,
thereby becoming more productive on the Researcher Work-
bench. These materials included books and an internally
developed resource, the “Summit Binder.” The Summit
Binder focused on topics deemed too time-intensive for live
training but valuable for completing projects on the
Researcher Workbench.

Costs and personnel for training

The primary costs for the training sessions were buying the
books and printing the Summit Binder, which amounted to

approximately $6000, and hiring and paying additional per-
sonnel, which amounted to approximately $7000, excluding
the salary of the instructors themselves. Ten BCM graduate
students, postdoctoral fellows, and research associates with
strong programming and data analysis skills were recruited
as coaches to help scholars attending live training sessions
navigate the Researcher Workbench. The coaches were thor-
oughly trained in the curriculum prior to the Faculty Summit.

The instructors for the training sessions were All of Us
EwG staff and included those who helped develop the curric-
ulum. Instructors had doctoral degrees in fields such as
human genetics, evolution and population, statistical genet-
ics, or medicine. Most instructors had experience in biomedi-
cal research using programming languages and statistics.
There were three instructors for the first training session, two
for the second, two for the third, and one for the fourth.

Researcher Workbench costs for the training sessions were
kept to a minimum. The costs within a Google Cloud project
(workspace) on the Researcher Workbench are associated with
data retrieval, analysis, and storage.”> Every new user on the
Researcher Workbench receives a free $300 initial credit to get
started. Scholars were expected to use up to $10 of this initial
credit to complete all four training sessions at the Faculty Sum-
mit. The training examples and exercises at the Faculty Summit
were intentionally designed to minimize data retrieval and
analysis costs to less than $10, while still providing a scholar
with a comprehensive and efficient training experience. Once a
scholar started their own project outside the Faculty Summit,
they continued to accrue additional costs beyond $10.

Evaluation and assessment

The curriculum was evaluated using feedback surveys that
were collected at the end of each training session at the Fac-
ulty Summit. After the Faculty Summit, the All of Us EwG
staff provided ongoing support to scholars embarking on
their team project on the Researcher Workbench through
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virtual meetings and emails to answer questions. These com-
munications identified gaps in knowledge or areas where
scholars needed further reinforcement for a better or more
timely understanding. At least two one-hour virtual meetings
were held within seven months of the Faculty Summit with
each research team. Additionally, two teams requested a third
virtual meeting. All teams initiated anywhere from one to
four email conversations with staff by the end of the program
year.

Results
Programming languages and computational tools
survey results

Table 1 summarizes the survey results for programming lan-
guages and computational tools used by scholars. The data
revealed that fewer than 15% of the scholars reported prior
experience or expertise in any specific language or tool.

Synopsis of All of Us resources

The synopsis of existing All of Us training and support
resources is visualized in Figure 2. The synopsis was divided
into topics, each offering a comprehensive list of resources.

Training curriculum outline, exercises, and slides

Table 2 outlines the curriculum for the four training sessions,
including the session titles, detailed outlines, and correspond-
ing exercises. This curriculum was designed based on insights
from the programming languages and computational tools
survey (Table 1), along with the comprehensive review of
existing All of Us resources (Figure 2). The training slides and
exercises delivered at the Faculty Summit can be viewed
online.>*~%¢

Scholar reaction to the training sessions

During the training sessions, scholars listened attentively and
asked questions about the material presented to them, seek-
ing clarification from instructors. Questions were more fre-
quent during the fourth training session when analyzing
genomic data. During the first three training sessions, most
scholars were successful in completing the exercises provided
but with considerable assistance from the coaches to provide
technical support on the Researcher Workbench. The instruc-
tors also provided additional assistance to scholars when
necessary.

Additional resources

Scholars received books about analyzing biological data with
Python or R.>’73! Scholars also received the internally devel-
oped Summit Binder that included: (1) a curated list of online
tutorials for Python, R, and Hail programming languages; (2)
comprehensive code examples in both Python and R for com-
mon statistical analyses; (3) annotations of previous publica-
tions using All of Us data, categorized by the type of
statistical analysis employed; and (4) a recommended list of
example projects on the Researcher Workbench for practical
application. A PDF file of the 2024 version of the Summit
Binder can be viewed online.*”

Evaluation results

Evaluation results indicated that the curriculum successfully
introduced scholars to the Researcher Workbench but also
highlighted areas where scholars needed further training.

Figure 3 summarizes the results of the six Likert scale ques-
tions in the feedback surveys. Table 3 presents the results,
including comments and their common themes, from the
feedback surveys when scholars were asked whether they
could identify opportunities to incorporate improvements
into their teaching and research. Supplementary Appendix S2
presents further comments grouped by subject from the feed-
back surveys when the scholars were asked for “positive
comments,” “constructive comments,” or “what future
topics would meet their educational needs.”

Table 4 captures the most common questions scholars
asked following the Faculty Summit in virtual meetings and
emails. These questions highlighted areas in which scholars
required additional support.

Discussion
Achievements of the Faculty Summit training

All of Us EwG successfully trained scholars to access and
analyze the All of Us data. This success was confirmed by the
high feedback scores and positive comments at the Faculty
Summit as well as the initiation and execution of team
research projects on the Researcher Workbench. The training
curriculum continues to be refined based on feedback.

Session strengths and usefulness highlighted by
themes found in survey feedback

As shown in Figure 3, the session ratings varied but were gen-
erally positive, with the highest ratings for the fourth session.

As shown in Table 3, three common themes emerged of
improvements scholars intended to make to their personal
research and courses based on the sessions. First and most
importantly, across all sessions, scholars were equipped to
explore and further learn the Researcher Workbench after
the Faculty Summit, such as creating workspaces, creating
datasets, and using Jupyter Notebooks for data analysis.
Comments such as “learned how to create workspaces [proj-
ects] in All of Us and use the notebook” were common.

Second, after the first two sessions, some scholars intended
to improve student courses by using the Researcher Work-
bench. The first session introduced the Research Hub (https:/
researchallofus.org), a public website providing an overview
of the All of Us Research Program and its Researcher Work-
bench. It includes a “Data Browser” where one can explore
the data at an aggregate-level. Scholars saw opportunities for
using this public website in their courses from comments
such as “can use the public tier to help students design
research questions.” The second session introduced creating
datasets and viewing them in Jupyter Notebooks on the
Researcher Workbench. Scholars saw opportunities to use
these tools to introduce programming to students from com-
ments such as “introducing coding to the biochemistry
students.”

Third, after the first, second, and fourth sessions, some
scholars intended to improve their research using the
Researcher Workbench. From the first session, scholars saw
opportunities to use the Researcher Workbench to generate
research project ideas from comments such as “I plan on
using the All of Us research workbench to generate project
ideas and hypothesis.” From the second session, scholars saw
opportunities to use the new skills they learned for research
from comments such as “gave a great overview to create a
dataset that'll later be foundation experiment.” From the
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Table 1. Programming languages and computational tools survey and results.

We would like to understand how familiar summit attendees are with different programming languages and computational tools.

Rating scale:
One star: [ have not heard of this tool.
Two stars: I have heard of this tool, but have not used it.

Three stars: I have used this tool in a class or tried it myself, but I do not consider myself a competent user.
Four stars: I have used this tool in my work, but could use help to become more proficient and effective.

Five stars: I am an expert with this tool and could help others learn to use it.

Please rank (1-5 stars) your familiarity with the following:

Five stars Four stars Three stars Two stars One star Average response
Jupyter Notebook 0 3 3 8 21 1.66
R programming language 1 4 11 15 4 2.51
Python programming language 0 1 11 14 9 211
All of Us Researcher Workbench 0 0 4 12 19 1.57
Plink 1 1 3 S 25 1.51
Hail 0 0 1 5 29 1.20

Registering and A/l ©
of Us policies
The Tools
Office Hours and
User Support Hub

(Researcher
Workbench)

Demonstration
Jupyter Notebooks

Projects and )
and Data Analysis

Research

WORKSPACE | COHORT
USES: BUILDER

DATASET
BUILDER

JUPYTER
NOTEBOOK

o @it USES: USES: USES:

research « Cohort * Cohort and  Analyses

project creation concept set * Queries

* Collaboration selection
* Transparency * Dataset

previews

Figure 2. Visualization of the synopsis of available All of Us resources. The synopsis detailed resources on registering to become a new user on the All of
Us Researcher Workbench and the All of Us policies. These topics and their resources were also detailed: Researcher Workbench Tools; Data, Database,
and Data Model; Jupyter Notebooks and Data Analysis; Demonstration Projects and Research; Billing; and Office Hours and User Support Hub.

fourth session, scholars saw opportunities to use the genomic
analysis they learned for research from comments such as
“looking forward to running HAIL on our data.”

Positive feedback on sessions

The positive comments received in the feedback survey (Sup-
plementary Appendix S2) highlighted the helpful nature of
the sessions. Scholars highly praised the support received
from coaches. Some scholars commended the instructors and
found the handouts to be useful. Scholars appreciated the
fourth session’s teaching approach where they worked along-
side the instructor on the Researcher Workbench. Comments
such as “...I really appreciated how [the speaker] explained
everything and we clicked through the exercises together”
were common for the fourth session.

Constructive feedback on sessions

The constructive comments received in the feedback survey
(Supplementary Appendix S2) highlighted that the sessions
were too fast-paced and could benefit from live

demonstrations. Comments such as “the presentation itself
was fast paced and hard to follow” and “live demonstra-
tion would be helpful...” were noted. Scholars requested
more in-depth training to further learn the Researcher
Workbench. Other scholar suggestions included hearing the
speaker better, giving presentation slides beforehand, mov-
ing all the training to earlier in the Faculty Summit, and
learning in small groups.

Limitations indicated by questions

Post-Faculty Summit questions (Table 4) highlighted addi-
tional limitations. Scholars needed a more detailed explana-
tion of billing costs and more emphasis on example
projects with matching publications. Although six example
projects were mentioned in the first session, more content
on these example projects was needed. Scholars also needed
more curated examples of handling phenotypic data and
dataset creation, as well as guidance on file storage and
transfer.
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Figure 3. Results from the six Likert scale questions in the feedback surveys for the four training sessions.

Post-Faculty Summit questions also identified the need for
more in-depth discussion of genomic data analysis. Notably,
some questions raised, such as adding phenotypic data and fil-
tering variants, were already addressed in the fourth session.
This need might be attributed to scholars lacking familiarity
with Hail, the cloud-native language recommended for All of
Us genomic data analysis due to its scalability and efficiency.*?
Since Hail was a new tool for most scholars (Table 1), addi-
tional practice or targeted discussions focused on data manipu-
lation techniques with Hail would be beneficial.

Team projects started on the Researcher
Workbench and their funding

The training sessions and team-building activities at the Fac-
ulty Summit successfully led to scholars forming research

teams and initiating several research projects on the
Researcher Workbench: “Biological determinants in opioid
use, lupus and cardiovascular disease” (genomic and non-
genomic), “Evaluation of prostate cancer genetic variants
using All of Us” (genomic), “Prevalence of pathogenic
BRCA1 and BRCA2 mutations [for breast cancer] among
Latinas in the All of Us cohort” (genomic), “Dissecting the
influence of perceived discrimination and genetic liability on
mental health” (genomic and non-genomic), “Pathways to
Science Identity (PSI): Ready to apply pressure” (educa-
tional), and “Identify risk factors for IBD using the All of Us
database” (genomic and non-genomic).

Project themes fell into two main categories: educational
and genomic research. The educational project aimed to
introduce undergraduate students to the Researcher
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Table 2. Titles, outlines, and exercises of the four training sessions

Training session titles, outlines, and exercises

Session 1: The All of Us Researcher Workbench and creating a project

L. Background on the Researcher Workbench
A. What is the All of Us Researcher Workbench?
B. Terminology and technology on the Researcher Workbench
1. Background on the All of Us: Research Hub, data, and research
possibilities
A. Explore others work: Research Projects Directory (Research
Hub), Publications list (Research Hub), Featured Workspaces
(Researcher Workbench)
B. Easy viewing of data (Research Hub)
C. Potential statistical and genomic analyses with the data
Exercises:
* Viewing an example of a completed project
* Creating a new workspace [project]

Session 2: Creating an All of Us dataset

I. Background on phenotypic data
A. Why is getting the phenotype right important?
B. Reminder of many tutorial workspaces on Researcher Work-

bench for phenotypes

1. Background on the Jupyter Notebook and accessibility of the All
of Us data
A. What is the Jupyter Notebook used with All of Us data?
B. Where is the All of Us data being accessed by the Jupyter
Notebook?

Exercises:

* Creating a cohort with assigned data type for hypertension

* Viewing and comparing demographics of cohorts with different
data types

* Viewing a dataset created in Jupyter Notebook. Test editing the

SQL query
Session 3: Analyzing an All of Us dataset and other helpful tools

I. Background on workspace buckets
A. What are workspace buckets and what are they used for?

II. Background on backing up the Jupyter Notebook
A. Why have a version history by backing up the Jupyter

Notebook?

Exercises:

* Saving and retrieving a dataset from the workspace bucket

* Attempting statistical or plotting analysis of dataset. Downloading
results

Session 4: Genomics overview and analyzing All of Us genomic data

I. Background on genomics and significance of the All of Us genomic
data
A. What is genomics?
B. Why is the All of Us genomic data significant?

1. Background on a genome-wide association study (GWAS)
A. What is a GWAS and how does it work?

Exercises:

* Viewing and following along with an example of conducting a
GWAS using Hail on the Researcher Workbench

Workbench and its functionality. Three of the genomic proj-
ects also incorporated non-genomic data analysis of EHR
condition, drug, or survey data.

To pay for the Google Cloud costs of these projects on the
Researcher Workbench after the Faculty Summit, the
research teams applied for and received seed grants funded
by the All of Us EwG Research Program’s NIH award.
Grants of up to $30 000 were provided until the end of the
program year to cover the Google Cloud costs of projects as
well as various other costs, including travel, community

outreach, and laboratory supplies. Scholars had spent up to
$10 on the Google Cloud to complete training on the
Researcher Workbench at the Faculty Summit, but to com-
plete a whole research project on the Researcher Workbench
after the Faculty Summit, teams spent anywhere from about
$50-$1000 depending on the quantity of data and type of
analysis used. A non-genomic educational project cost about
$50, but a genomic project with a couple genome-wide asso-
ciation studies in addition to other analyses cost about
$1000.

Research teams were encouraged to acquire other funding
resources to pay their ongoing costs while using the
Researcher Workbench by applying for NIH or other federal,
private, or institutional grants. Also available to research
teams was an additional $300 credit from the Google Cloud
Platform (GCP), which can be used temporarily.>*** It is rec-
ommended that researchers apply for these credits when they
are close to needing a permanent billing solution.

Return of value to communities

Scholar recruitment included those from MSIs and UBR
groups. Any postdoctoral fellow or early-career faculty
whose research or teaching aligned with the mission of the
All of Us Research Program was eligible to apply and be a
scholar. Figure 4 presents the data for various attributes,
including race or ethnicity, of the 118 scholars from the past
three years of the All of Us BR Scholars Program. There were
35 scholars in the 2022-2023 All of Us BR Scholars Program,
40 in the 2023-2024 All of Us BR Scholars Program, and 43
in the 2024-2025 All of Us BR Scholars Program. Most
scholars were from racial or ethnic minorities or from an
MSIL

For the first year of the All of Us BR Scholars Program,
nearly all research teams chose projects focused on UBR pop-
ulations and health concerns where disparities among UBR
populations exist. Four projects focused on studying cohorts
of racial or ethnic minorities in the areas of breast cancer,
prostate cancer, inflammatory bowel disease, and mental
health. A fifth project studied lupus across all populations,
but the disease is known to disproportionally afflict racial
and ethnic minority women.?® A sixth educational project
implemented the Researcher Workbench into the curriculum
for an undergraduate class at an MSI.

The research team studying breast cancer, using a seed
grant from All of Us EwG, held a special public community
event for Latina women at their MSI institution that brought
awareness of breast cancer risks, including genetic risk, and
prevention.®” This event complemented the mission of their
project on the Researcher Workbench for studying breast
cancer in Latina women. The research teams studying breast
cancer and prostate cancer, as well as the educational team,
presented their research and educational outcomes at various
scientific conferences to audiences of undergraduate students,
graduate students, and faculty.

The curriculum developed can continue to be a valuable
tool to train researchers on the Researcher Workbench by
being adapted and implemented by other institutions. The
curriculum was designed to help researchers who register on
the Researcher Workbench but fail to make progress on proj-
ects because of a lack of familiarity with programming, cloud
computing, and the unique tools of the Researcher Work-
bench. Overall, the All of Us BR Scholars Program and its
training curriculum for the Researcher Workbench were
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Table 3. Results from the feedback surveys when the scholars were asked if they could identify opportunities to incorporate improvements into their
teaching and research based on each session.

Question Session Response
Based on what you have dis- Session 1 79% Yes
cussed today, have you identi- 21% No
fied opportunities to 0% I already incorporate
incorporate improvements Session 2 77% Yes
into your teaching or 19% No
research? 4% I already incorporate
Session 3 60% Yes
40% No
0% I already incorporate
Session 4 78% Yes
22% No
0% I already incorporate
If yes, please explain what Session 1 Improvement of exploring the Researcher Workbench and learning how
improvements you intend to to use it
make * “how to use datasets”

* “Ilearned a lot about navigation the workspace [project] and basics about
[the Jupyter] notebook”
“learned how to create workspaces in All of Us and use the notebook”
“it was great getting a chance to have an overview of the workbench”
“be prepared for learning language”
“utilize Jupyter to create annotated scripts that can be easy to use and
informative”
Improvement of using the Researcher Workbench for courses/students
* “incorporating the public tier data in my course”
® “can use the public tier to help students design research questions”
Improvement of using the Researcher Workbench for research ideas/projects
* “I plan on using the All of Us research workbench to generate project ideas
and hypothesis”
* “in my research, I plan to explore the research hub and play with potential
projects”
“create workspace on research project related to gene-environment interac-
tions across the lifespan/development”
* “the data in All of Us will be useful for my research”
Session 2 Improvement of exploring the Researcher Workbench and learning how
to use it
* “how to navigate workspace better”
® “create a cohort on a chronic disease related to research and specify relevant
concept sets”
* “what a cell is in Jupyter different between concept and cohort”
* “analysis of datasets”
Improvement of using the Researcher Workbench for courses/students
* “introducing coding to the biochemistry students”
® “learning R and having students who know R”
Improvement of using the Researcher Workbench for research ideas/projects
* “gave a great overview to create a dataset that'll later be foundation
experiment”
* “all of this is new knowledge-so will automatically help extend my research
skills”
Session 3 Improvement of exploring the Researcher Workbench and learning how to use it
* “continued learning on application of workbench”
* “incorporate other codes for generating plots”
¢ “Ilearned how to save filer”
* “we learned how to create and download dataframes and generate and down-
load csv and png files”
* “learning how to use workspace”
Session 4 Improvement of exploring the Researcher Workbench and learning how
to use it
* “GWAS Analysis and usage on the controlled tier platform understanding”
* “use genomic data analyses in research project doing 20 data analysis on all
of us research data set”
Improvement of using the Researcher Workbench for research ideas/projects
* “looking forward to running HAIL on our data”
* “Ifeel a little better about including my research”

Listed are the scholars’ explanations of these improvements as well as common themes identified across these explanations.
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Table 4. Most frequently asked questions by scholars during virtual
meetings and emails after the Faculty Summit

Category Questions
Billing When am I being billed as I do research on the
Researcher Workbench?
Can we pool our initial credits on the
Researcher Workbench together on a project?
Examples Are there comprehensive examples of a research

project with All of Us data from its beginning
to publication?

How do I create a control cohort for my trait of
interest?

How can I restrict the size of my cohorts
randomly?

Can you show an example of creating a dataset
from beginning to end?

How do I'join datasets together?

How do I create a new dataset column based on
other data?

How do I filter my data?

How do I copy files between workspaces
[projects]?

How do I share files I created in a workspace,
such as VCF files, with other team members
in that same workspace?

How do I access the whole genome sequencing
(WGS) and genotyping array data on the
Researcher Workbench?

How do you get the VCF files and how much
does it cost?

What quality controls have been applied to the
genomic data?

What quality controls should I now apply to the
genomic data?

How do I access annotations from All of Us for
the genomic data?

How do you add the phenotypic data to the
genomic data?

How do you filter the genomic data to your var-
iants of interest?

Where can I get more information on using
Hail?

How do I convert the Hail MatrixTable to other
file formats?

Dataset creation

Data wrangling

Storage

Genomics

catalysts for raising awareness and training researchers on
the Researcher Workbench that led to projects largely
addressing health concerns in UBR populations, including in
subsequent years of the program beyond the first year.

Summary of curriculum changes based on
feedback

Several changes have been implemented in the training curric-
ulum since its first year. Only one or two instructors now
teach each training session. All sessions now have scholars
working on the Researcher Workbench simultaneously with
the instructor. This approach had not been implemented in
some sessions because of the exercise time given for practice.
Exercises are still included in sessions so that after scholars
work on the Researcher Workbench with the instructor, they
still get further practice with the exercises that reinforce and
assess what they have learned, as recommended in stage two
of the backward design approach of Wiggins and McTighe.*'

To manage pace, some content from the second session is
extended to the third session, with backing up Jupyter

Notebooks moved to materials available after the Faculty
Summit. By prioritizing teaching, only the essential skills for
using the Researcher Workbench in the Faculty Summit ses-
sions, a manageable pace that optimizes learning and retain-
ing knowledge is ensured. Exercises are now standardized to
facilitate peer support. One more Faculty Summit session is
added that covers frequently asked genomics topics, such as
file types, quality control filters, and annotations with Hail,
so that there are now five sessions instead of four. To accom-
modate, the first session is moved to a virtual session before
the Faculty Summit. While more Python and R training was
requested, it is not included in the Faculty Summit because of
time constraints. Instead, four virtual sessions on Python and
four virtual sessions on R are delivered after the Faculty Sum-
mit. Additional content on example projects, billing costs,
and dataset wrangling are also delivered as virtual sessions
after the Faculty Summit. Combined, the Faculty Summit
training sessions and subsequent virtual sessions provide
robust training to use the Researcher Workbench.

Conclusions

The training curriculum for the Researcher Workbench was
successful in its inaugural year. Developed through careful
assessment and backward design, the curriculum was deliv-
ered over four one-hour sessions. Feedback from the Faculty
Summit and subsequent interactions continue to guide fur-
ther improvements, making the curriculum more effective.

The training successfully introduced researchers to the
Researcher Workbench and facilitated project initiation. This
introduction works especially well in the context of a team
environment that leverages diversity in technical expertise
and disciplinary knowledge, as shown by the experiences of
scholars in the first year of the All of Us BR Scholars Pro-
gram. During 2024, more tools, such as RStudio and SAS,
became available for data analysis on the Researcher Work-
bench, broadening researchers’ options. Scholars attending
the 2023 and 2024 iterations of the Faculty Summit were
trained via new versions of the curriculum, which has led to
other projects focusing on health concerns in UBR
populations.

In its first year, the All of Us BR Scholars Program
achieved a significant milestone when one research team
secured a one-year $50000 grant from Prostate Cancer
Research to support their prostate cancer project. Since 2022,
multiple research teams have presented their research at vari-
ous conferences across the United States. The breast cancer
research team gave oral presentations at the 2022 Annual
Biomedical Research Conference for Minoritized Students
(ABRCMS), 2023 ABRCMS, and 2023 Society for Advanc-
ing Chicanos/Hispanics and Native Americans in Science
(SACNAS) National Diversity in STEM (NDiSTEM) Confer-
ence. 3840 They also gave a poster presentation at the 2023
16th American Association of Cancer Research Conference
on the Science of Cancer Health Disparities in Racial/Ethnic
Minorities and the Medically Underserved.*! The prostate
cancer research team gave oral presentations at the 2023
ABRCMS and 2023 SACNAS NDiSTEM Conference.””™*
They also gave a poster presentation at the 2023 Interna-
tional Genetic Epidemiology Society Annual Meeting.** The
educational outreach team gave an oral presentation at the
2022 ABRCMS.?® A pregnancy loss research team formed in
year two of the program gave a poster presentation at the
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Figure 4. Attributes of all 118 scholars trained on the Researcher Workbench at the Faculty Summit for three years (2022-2023, 2023-2024, and 2024-

2025) of the All of Us BR Scholars Program.

2024 Society for Reproductive Investigation Annual Scientific
Meeting.** A hypertensive heart disease team also formed in
year two of the program gave a poster presentation at the
2024 Pulmonary Hypertension Association International PH
Conference.**

Outside the All of Us BR Scholars Program, the training
curriculum for the Researcher Workbench has been adapted
and used for other scholarly programs and audiences.
Another All of Us EwG team adapted it into a year-round
Train-the-Trainer Series for researchers learning the Research

Workbench.****¢ Hundreds of users on the Researcher Work-
bench have attended this virtual series. Building on the core
curriculum, a condensed version was delivered for the 2023
ASHG virtual interactive workshop®” and will be modified
and delivered again for the upcoming 2024 ASHG in-person
workshop.

Overall, this curriculum sets a strong foundation for train-
ing researchers to access and analyze All of Us data. As All of
Us continues to update the data and the Researcher Work-
bench, the curriculum will also be adapted, ensuring its
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continued relevance and impact. The latest curriculum slides,
using the All of Us Research Program’s Controlled Tier CDR
version 7, are available online for others to utilize with
proper acknowledgement.*® This versatile curriculum will
continue to be used to empower a broad range of researchers
to effectively analyze All of Us data on the Researcher
Workbench.
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