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Abstract
Objectives: The All of Us Research Program is a precision medicine initiative aimed at establishing a vast, diverse biomedical database accessi-
ble through a cloud-based data analysis platform, the Researcher Workbench (RW). Our goal was to empower the research community by co- 
designing the implementation of SAS in the RW alongside researchers to enable broader use of All of Us data.
Materials and Methods: Researchers from various fields and with different SAS experience levels participated in co-designing the SAS imple-
mentation through user experience interviews.
Results: Feedback and lessons learned from user testing informed the final design of the SAS application.

Discussion: The co-design approach is critical for reducing technical barriers, broadening All of Us data use, and enhancing the user experience 
for data analysis on the RW.
Conclusion: Our co-design approach successfully tailored the implementation of the SAS application to researchers' needs. This approach may 
inform future software implementations on the RW.
Key words: data analysis; software; data ecosystem; diversity; precision medicine. 

Background and significance
The All of Us Research Program, funded by the National 
Institutes of Health (NIH), is a precision medicine initiative 
seeking to enroll at least one million individuals across the 
United States into a longitudinal cohort study.1 Nearly 
45% of participants belong to racial and ethnic minority 
groups, and over 75% are classified as underrepresented in 
biomedical research, making the All of Us dataset the most 
diverse of its kind.2,3 The program aims to accelerate 
health research discoveries and enable innovative, personal-
ized healthcare solutions. To support these objectives, the 
All of Us Data and Research Center (DRC) developed the 

Researcher Workbench (RW), a secure cloud-based plat-
form for analyzing All of Us data.4,5 The RW is equipped 
with custom software and tools that facilitate powerful 
data analysis and collaborative research. As of March 
2024, there were over 10 000 registered users on the RW, 
which contains participant-level data including surveys 
(N¼ 413 360), electronic health records (EHRs; 
N¼ 255 640), genomics (N¼245 400), physical measure-
ments (N¼ 337 540), and wearable device data 
(N¼ 15 620). The platform is constantly evolving, with the 
addition of new features, tools, and data types to support 
researchers from diverse backgrounds.

Received: April 24, 2024; Revised: July 18, 2024; Editorial Decision: July 30, 2024; Accepted: August 1, 2024 
© The Author(s) 2024. Published by Oxford University Press on behalf of the American Medical Informatics Association.  This is an Open Access article 
distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs licence (https://creativecommons.org/licenses/by-nc-nd/4.0/), 
which permits non-commercial reproduction and distribution of the work, in any medium, provided the original work is not altered or transformed in any way, 
and that the work is properly cited. For commercial re-use, please contact journals.permissions@oup.com 

Journal of the American Medical Informatics Association, 2024, 31(12), 2994–3000 
https://doi.org/10.1093/jamia/ocae216 
Advance access publication 12 August 2024 
Case Report 

https://orcid.org/0000-0001-7466-0034
https://orcid.org/0000-0003-0019-3087
https://orcid.org/0000-0002-6407-8646


A core component of the RW is its suite of tools for data 
analysis. At its initial launch in May 2020, it featured Jupyter 
notebooks for Python and R, with a plan for expanding tool 
offerings as the researcher base grew. Among data analysis 
tools, SAS has become one of the most widely used by 
researchers in health science, including epidemiologists, sta-
tisticians, and social scientists, among others. It was one of 
the top 3 statistical analysis tools requested by researchers 
after the RW’s launch, with 35% of user requests for addi-
tional tools referencing SAS as their preferred software for 
data analysis.6 Specifically, SAS appeals to users across a 
broad spectrum of programming proficiency by providing a 
sophisticated programming environment in addition to a 
point-and-click interface to allow all users to create code 
quickly and easily. Providing additional tools based on 
researcher feedback and domain interest is critical to reduc-
ing technical barriers and enabling broad use of the All of Us 
data on the RW.

Therefore, the goal of this work was to co-design the 
implementation of SAS on the RW with biomedical research-
ers. Our goal consists of 2 objectives. The first was to inte-
grate the cloud-based version of SAS Studio with existing 
tools on the RW, including the Cohort Builder and Dataset 
Selector, which feature a user-friendly, point-and-click inter-
face for creating, reviewing, and annotating cohorts without 
requiring programming knowledge.7,8 In addition to the 
existing capabilities of SAS, including descriptive statistics, 
data visualization, and data management, our implementa-
tion aims to support cloud-based information storage and 
retrieval on the RW, respect the built-in security controls of 
the RW, and facilitate end-to-end usage of All of Us data for 
researchers. The second objective was to develop a compre-
hensive collection of user support articles, analytic guides, 
and tutorials regarding best practices on using SAS Studio to 
reduce technical barriers for users. Our work returns value to 
communities by improving the utility of the RW for research-
ers, and our multidisciplinary co-design approach may 
inform future software implementations on the RW to enable 
broader use of the All of Us data.

Materials and methods
Implementing SAS Studio on the RW was a collaborative 
effort involving a multidisciplinary team of project managers, 
cloud architects, software engineers, data scientists, and user 
experience (UX) designers across multiple research institu-
tions and industry partners, including the NIH, Vanderbilt 
University Medical Center, Verily Life Sciences, the Broad 
Institute of MIT and Harvard, and SAS Institute. To aid in 
the user-driven implementation of SAS, the NIH Program 
Office partnered with 6 researchers experienced in using both 
SAS and the RW to co-design the implementation. The 
researchers, whose training and backgrounds span the fields 
of nursing, medicine, public health, social and behavioral sci-
ences, biostatistics, and epidemiology, were recruited from 
the All of Us Researcher Ambassador network (Table 1). 
They formed 3 teams of 2 based on prior collaborations and 
shared research interests. Team 1 consisted of experts in pub-
lic health and biomedical research, with a focus on social and 
behavioral health, nursing, and health disparities. The 
researchers in Team 2 specialized in epidemiology and 
research on health disparities. Team 3 combined expertise in 
social and behavioral science, biostatistics, epidemiology, and 

health disparities research. From June to September 2023, 
researchers participated in a total of 3 interviews, including 2 
rounds of qualitative interviews and 1 user testing interview 
(Figure 1). From September 2023 to March 2024, they con-
ducted research projects using SAS Studio on the RW show-
casing best practices for analyzing a variety of different data 
types, including EHRs and surveys (Figure 1). Use cases 
included characterizing social determinants of health and 
sociodemographic barriers to healthcare across various dis-
eases, such as type 2 diabetes, depression, heart attack, and 
stroke (Table 1).

Each team participated in 3 interviews aimed at aligning 
research goals with UX needs, informing and validating user 
interface (UI) design, and provide insight on the researchers’ 
end-to-end journey with SAS Studio on the RW, including 
data collection, exploratory data analysis, statistical analysis, 
and result interpretation. The first interview aimed to under-
stand the research teams’ experience with SAS Studio and 
their goals for using it to analyze All of Us data on the RW. 
The second interview was designed to understand 
researchers’ data analysis workflow with a focus on their spe-
cific use cases. For the third interview, research teams partici-
pated in UX testing during which they were guided through a 
user journey of the beta version of SAS Studio on the RW to 
identify necessary adjustments for integrating it into the RW, 
including optimizing program launch and pause functions in 
a cloud computing environment and improving user interac-
tion with the landing page. Representatives from each 
research team participated in the interviews virtually. Each 
interview was conducted with the consent of the researchers 
and recorded. The interview questions were developed by a 
team of experienced product managers, cloud architects, and 
UI designers who have extensive experience with the RW. 
The questions were adapted from similar frameworks used to 
inform the implementation of other software and tools on the 
RW and further refined by an expert from the SAS Institute, 
ensuring that they were tailored for the SAS environment. 
During each interview, members of the DRC transcribed 
researchers’ responses in real time. After the interviews were 
completed, the DRC team reviewed both the recordings and 
transcriptions to consolidate feedback, which was analyzed 
by identifying common themes and patterns in the responses 
(Table 2). To ensure the integrity of our qualitative analysis 
and avoid bias, we used a thematic analysis approach where 
2 team members independently reviewed the feedback to 
identify common themes. They then met to discuss their find-
ings, and any discrepancies were resolved by a third team 
member. These team members held diverse roles, including 
project managers, biostatisticians, and healthcare professio-
nals familiar with the practical applications of the software, 
allowing us to cross validate themes from multiple perspec-
tives to ensure a comprehensive and unbiased interpretation 
of researcher feedback. For further details, see the interview 
guides and protocol for the user testing in the Supplementary 
Material of this article. Our study focused on user testing for 
software implementation on the RW and was not designed to 
contribute to or develop generalizable knowledge. Therefore, 
institutional review board approval was not required.

Based results from the thematic analysis, the DRC devel-
oped user support articles with step-by-step instructions for 
using SAS Studio on the RW and a tutorial Featured Work-
space, which included markdown SAS code and recom-
mended best practices for using the application to explore 
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and analyze All of Us data.9,10 In addition, the UI was 
enhanced to include clarifying text and informational pop-up 
banners to help optimize UX.

Results
From the interviews, we identified 5 common points of crit-
ical feedback: (1) data wrangling and cleaning for a large, 
cloud-based dataset, such as All of Us, can be challenging 
regardless of the statistical software used; (2) some research-
ers prefer to export data from SAS to a spreadsheet tool to 
create data visualizations; (3) researchers are reluctant to 
delete their SAS application on the UI due to a lack of clarity 

on how the action may affect their ability to save and share 
their work; (4) researchers need options to pause the applica-
tion to prevent incurring cloud storage and compute costs 
associated with a running application; and (5) researchers 
want additional guidance on navigating SAS Studio’s cloud- 
based capabilities, which are not available in the more com-
monly used desktop version of Base SAS software (Table 2).

Feedback from users was used to inform improvements to 
the features and UI of the RW (Figure 2), including (1) the All 
of Us Research Support Team at the DRC has published 
articles and tutorials with recommendations on best practices 
for data wrangling, data cleaning, and managing computa-
tional cost; (2) SAS code snippets to automatically create 

Table 1. Summary of research teams and their demonstration projects.

Researcher 
expertise Affiliations

Prior experience  
with SAS Project objective

Condition(s) of 
interest Data types utilized

Variables of 
interest

Team 1 (2 researchers)
Social and behav-
ioral health, nurs-
ing, health 
disparities

Yale University, 
Seattle University, 
United States

10þ years Characterize the 
relationship 
between social 
determinants of 
health and life- 
threatening medi-
cal conditions

Heart attack, 
stroke, severe 
allergic reaction, 
asthma attack, 
traumatic injuries

Electronic health 
records, surveys

Access to health-
care, education, 
gender identity, 
race/ethnicity, 
occurrence of life- 
threatening 
conditions

Team 2 (2 researchers)
Epidemiology, 
medicine, health 
disparities

The University of 
Texas Rio Grande 
Valley, United 
States

3þ years Explore and 
understand poten-
tial disparities in 
prescriptions of 
newer generation 
diabetes 
medication

Diabetes Electronic health 
records, surveys

Drug exposure, 
lab measurements, 
sociodemographic 
information, 
health insurance 
information

Team 3 (2 researchers)
Social and behav-
ioral science, bio-
statistics, epidemi-
ology, health 
disparities

New York Univer-
sity, United States

10þ years Examine sociode-
mographic pat-
terns, including 
health disparities, 
in diagnosis and 
treatment of men-
tal health 
conditions

Depression, anxi-
ety, eating disor-
ders, autism 
spectrum disorder

Electronic health 
records, surveys

Timing of diagno-
sis and treatment, 
gender identity, 
socioeconomic 
information, race/ 
ethnicity

Figure 1. Overview of project timeline.
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Table 2. Summary of user experience interviews and results.

Number of participants Feedback Analysis of results Changes implemented

Interview 1
5 interviewees,  
2 interviewers,  
5 observers

Interviewees reported that they 
have previous experience with 
Base SAS, SAS Viya, and SAS Uni-
versity Edition.

On average, interviewees had 4.6 years 
of prior experience with SAS. None 
were familiar with SAS Studio. There-
fore, it was necessary to develop new 
user support materials to lower the tech-
nical barrier of using SAS Studio on the 
Researcher Workbench.

The All of Us Data and Research Center 
(DRC) collaborated with the SAS Insti-
tute to develop a variety of educational 
materials and training events, enabling 
users to maximize the utilization of SAS 
Studio on the Researcher Workbench.

All interviewees expressed strong 
interest in using SAS for perform-
ing descriptive statistical analysis 
of the All of Us data.

The interviewees’ feedback highlighted 
a common trend among users, empha-
sizing the importance of SAS as a tool 
for conducting descriptive statistical 
analysis. This feedback helped inform 
areas for enhancing user support and 
training.

The DRC developed analytic guides and 
Featured Workspaces that provide users 
with hands-on tutorials for using SAS 
Studio to perform a wide range of 
descriptive statistics procedures. Specifi-
cally, these tutorials provide step-by- 
step instructions focused on optimizing 
descriptive statistical functions in SAS 
Studio on the Researcher Workbench.

All interviewees indicated that 
data cleaning and wrangling can 
be challenging, especially for a 
large-scale, cloud-based dataset 
like All of Us.

The interviewees’ feedback highlights 
the challenge of analyzing large-scale 
datasets on a cloud computing platform. 
This underscores the need for additional 
support and training in data cleaning 
and wrangling in SAS Studio, particu-
larly for handling complex datasets in 
cloud environments.

A variety of user support materials, 
including articles, office hours presenta-
tions, and a Featured Workspace dedi-
cated to best practices and tips for data 
wrangling and data cleaning. Further-
more, the All of Us Research Support 
Team is available to answer further 
questions.

Interview 2
4 interviewees,  
2 interviewers,  
5 observers

All interviewees expressed interest 
in exporting their analysis results 
(e.g., summary statistics) from 
SAS as a .csv file. In addition, 2 
interviewees highlighted that gen-
erating graphs and visualizations 
with other tools, such as spread-
sheet software or other data analy-
sis programs, is a critical 
component of their routine work-
flow when performing statistical 
procedures not available in SAS.

The interviewees’ feedback suggests a 
strong preference for exporting analysis 
files from SAS Studio. As such, intero-
perability with other tools was crucial 
for their data analysis tasks. The essen-
tial role of external tools for graphing 
and visualization highlights a potential 
gap in SAS’s graphical functionalities.

The DRC implemented a process for 
users to export summary statistics and 
aggregate counts from the Researcher 
Workbench in accordance with the All 
of Us Research Program’s Data and Sta-
tistics Dissemination Policy.11 Users can 
use these files to create visualizations in 
external applications. The DRC also 
published user support resources and 
hosted education and training events to 
familiarize users with SAS Studio’s func-
tionalities. These include pre-pro-
grammed SAS Snippets for generating 
graphs and visualizations and SAS Tasks 
for executing a variety of statistical, arti-
ficial intelligence, and machine learning 
procedures.

Interview 3
4 interviewees,  
1 interviewer,  
6 observers

All interviewees expressed confu-
sion about how to launch the SAS 
Studio application, specifically 
regarding the purpose of the light-
ning bolt icon and whether it is 
necessary to click the SAS icon to 
start the application.

It is necessary to improve the design of 
the SAS Studio’s start page so it is more 
intuitive for users to launch the 
application.

A function to allow users to click on the 
SAS logo to launch directly instead of 
going to the cloud icon was 
implemented.

Interviewees expressed uncertainty 
about the implications of the 
“delete” feature for a cloud-com-
puting environment.

The interviewees’ feedback indicates a 
lack of clarity about the process of delet-
ing a cloud environment on the 
Researcher Workbench.

The DRC developed user support 
articles that thoroughly explain the proc-
ess for pausing and deleting cloud envi-
ronments. The DRC also implemented 
an auto-delete function that helps users 
save costs by automatically deleting 
cloud environments after a specified 
period of inactivity (i.e., 7 or more days). 
In addition, the DRC introduced a 
“Cloud Environments” page, which pro-
vides a clear overview of the status of all 
initiated applications, allowing users to 
easily manage, pause, or delete their 
cloud environments across all applica-
tions on the Researcher Workbench.

(continued)
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figures were included to help researchers easily visualize data; 
(3) refining the process of deleting applications, including 
adding clarity to the language to improve understanding to 
help users save their data and analysis while managing costs 
by avoiding continuously running an application on the 
cloud; (4) users can now pause applications to save costs; and 
(5) the DRC and SAS Institute collaborated on developing 
user support articles, analytic guides, and tutorials regarding 
best practices for using SAS Studio in the RW, including how 
to save work and easily share SAS files with colleagues 
(Table 2).

Furthermore, throughout the duration of their research 
projects, the research teams were invited to participate in 
weekly office hours hosted by the All of Us Research Support 

Team, which consisted of at least one software developer 
who was responsible for deploying SAS to the RW and at 
least 2 data scientists with extensive expertise in analyzing 
All of Us data and more than 20 years of experience using 
SAS. During these office hours, the research teams were given 
the opportunity to ask questions or report any potential 
issues or barriers they encountered while using the software. 
These office hours sessions revealed 2 main points of feed-
back: (1) the default settings for the random access memory 
(RAM) and central processing units (CPUs) in SAS Studio 
were insufficient to fully execute analysis for the size of the 
datasets which the researchers were attempting to build and 
analyze, and (2) researchers need clarity on the storage 
options for SAS files when they want to save their work to 

Table 2. (continued)

Number of participants Feedback Analysis of results Changes implemented

Interviewees expressed uncertainty 
about technical terms like 
“paused,” “persistent disk,” 
“compute resource,” “cloud 
compute,” etc

Clarity and explanations of technical 
terms are needed and must be accessible 
on the application launch page.

A banner titled “How to use SAS on 
Workbench” was added to the SAS Stu-
dio launch page with links to 3 user sup-
port resources for the following topics: 
(1) how to launch and use the SAS appli-
cation, (2) how to use persistent disk 
storage, and (3) how to understand 
cloud environment costs.

Interviewees expressed that they 
want clear and timely notifications 
about the progress of cloud envi-
ronment provisioning, including 
estimated wait times to better plan 
their tasks. They further empha-
sized the importance of visual and 
pop-up notifications to alert them 
when the environment is ready.

It is important to clearly communicate 
and visualize the status of the applica-
tion provisioning process, ensuring that 
users are informed that the process is 
underway and providing them with an 
expected timeline for when the SAS Stu-
dio application will be ready to use.

Similar to the other applications in the 
Researcher Workbench, the application 
start page and sidebar panel display 
color-changing indicators for environ-
ment provisioning status (ie, yellow 
when the app is paused, green when the 
app is actively running, and a spinning 
wait cursor when the application is still 
provisioning) so users are aware of the 
status and are free to navigate away 
from the start page to complete other 
tasks in the Researcher Workbench 
while still tracking the progress of appli-
cation provisioning in the sidebar panel.

Figure 2. Image of the SAS Studio application in the Researcher Workbench.
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their RW accounts. In response to this feedback, SAS Studio 
UI was modified to give users the ability to customize the 
RAM and CPUs for the application in order to maximize the 
computational performance of SAS on large datasets. Addi-
tionally, one of the user support articles which was published 
in tandem with the launch of SAS Studio in the RW provides 
users with step-by-step instructions regarding their file stor-
age options for SAS files.10 In addition to these readily avail-
able online resources, user support is available via email at 
support@researchallofus.org or bi-weekly office hours hosted 
by the All of Us Research Support Team.

Discussion
Introducing SAS on the RW will return value to communities 
by equipping researchers with an additional tool to analyze 
and maximize the utility of the All of Us data. Our approach 
of co-designing technical implementations in collaboration 
with researchers has provided valuable insight into their 
needs and priorities to ensure an ideal UX with SAS Studio 
on the RW. Building a multidisciplinary team with diverse 
researchers, experienced product and project managers, cloud 
architects/engineers, data scientists, and SAS consultants was 
key to ensuring that our approach is sustainable for future 
work. Continued engagement with research teams through-
out the co-design process offered opportunities to build trust, 
identify and prioritize research goals, and tailor the imple-
mentation to meet their needs. As such, this work resulted in 
an effective integration of SAS on the RW and sustainable 
data products, including user support materials, which will 
provide the broader research community with additional 
resources for working with All of Us data.

A potential limitation of our study is the relatively small 
sample of researchers who participated in the interviews. 
While they had diverse training and backgrounds, the 
researchers’ use cases primarily focused on survey and EHRs 
data. Other data types, including genomic and wearables 
data, typically require distinct methodologies and assump-
tions for analysis. As a result, the generalizability of the 
researchers’ feedback on data analysis may be limited. In 
addition, all researchers were well-versed with both SAS and 
the RW, so our results may not fully represent the experien-
ces and potential challenges of diverse users. Therefore, 
future directions include surveying RW users and collecting 
their feedback on long-term usability, including how well the 
current implementation of SAS Studio integrates into their 
daily workflows. This could provide insight on how 
researcher feedback from the current study has been 
addressed and the impact of subsequent updates to the soft-
ware on the RW.

Continuing to refine the tools on the RW and broaden our 
understanding of diverse user needs is critical to empower a 
wider range of researchers. This can help researchers opti-
mize the use of the All of Us dataset, providing opportunities 
to advance personalized medicine and improve public health 
outcomes.
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