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The Challenge

• The landscape of jobs and work is changing at unprecedented speed, 
driven by
• Technological advances: artificial intelligence, robotics, global connectivity, 

flexible manufacturing, …
• New models of work, careers, education: gig economy, remote workforce, life-

long learning, …
• External forces: globalization, pandemics, geopolitics, …

• Historical opportunities, but many challenges
• Mismatch of US education system and needs of employers
• Threats to privacy and algorithmic bias
• Tension between economic efficiency and robustness to “black swan” events
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NSF FW-HTF Program

• Joint program of the NSF directorates for
• Engineering
• Social, Behavioral, & Economic Sciences
• Education & Human Resources
• Computer & Information Sciences & Engineering

• One of NSF’s “Big Ideas”
• Now in its 3rd year
• $30 million a year in awards
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Future of Work at the Human Technology Frontier

• Future Workers: Address the worker as an individual 
or in teams, including education & training
• Future Technology: Engineering & computer science 

technologies that will develop the human-technology 
partnership in future workspaces, including offices, 
classrooms, warehouses, farms, & factories
• Future Work: Considers a societal, economic, 

professional, occupational, industrial, or national 
context

Convergent research integrating future work, future
technology, and future workers.

The FW-HTF program occupies the 
intersection of these elements
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Objectives

The specific objectives of the FW-HTF program are to …

• Facilitate convergent research among engineering, computer science, 
learning sciences, research on education and workforce training, and 
the social, behavioral, and economic sciences; 

• Encourage the development of a research community dedicated to 
designing intelligent technologies and work organization and modes; 

• Promote deeper basic understanding of the interdependent human-
technology partnership to advance societal needs; and 

• Understand, anticipate, and explore mitigation of potential risks

7
August 20, 2020 Fostering Reskilling, Upskilling, and Lifelong Learning 5



Stakeholder Workshops

• Help NSF learn perspectives of industry, non-profits, workers, 
researchers, and other government agencies
• Outcomes of workshop will shape FW-HTF and other programs
• Virtual workshops:
• Restructuring the physical and virtual workspace
• Exploring the human-technology partnership
• Fostering reskilling, upskilling, and lifelong learning
• Identifying ethical questions and the implications for policy
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Foundational Topics Future-Oriented Topics
Why are rational numbers so difficult to 
learn?

How can/will AI shape STEM learning? How can we 
ensure ethical uses of AI in learning environments? 
How do we best incorporate learning about ethics in 
our curricula?

What are research-based progressions for 
statistics and data analysis that can function 
as an alternative to calculus pathways for 
high school students?

What should K-12 students learn about AI? How do 
we support society as a whole learning relevant 
knowledge about AI? 

How do we prepare elementary teachers to 
teach science and do this at scale?

How do we design digital learning platforms 
integrating what we know about cognition and 
learning of STEM content?

How do we build assessments that are fair, 
valid, and can be implemented at scale and 
with low-cost?

What are the cognitive roots, dispositions, and 
habits of mind necessary for lifelong learning? How 
should curriculum change to accommodate the 
lifelong learning reality?



STEM Education of the Future Report
EHR Advisory Committee, Spring 2020
Goals: lifelong STEM learning, equitable access to 
sustained success, and a strong American workforce

• Priority One: All learners at all stages of their 
educational pathways must have access to and 
opportunities to choose STEM careers and contribute to 
the innovation economy. 

• Priority Two: We must build an ethical workforce with 
future-proof skills. 

• Priority Three: We must ensure technological 
innovations make it into the classroom guided by 
educators who understand how modern technology can 
affect learning, and how to use technology to enhance 
context and enrich learning experiences for students. 
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The future of classroom work: 
Automated Teaching Assistants

August 20, 2020 Fostering Reskilling, Upskilling, and Lifelong Learning 9

“Kurt VanLehn, the Diane and Gary Tooker Chair 
for Effective Education in Science, Technology, 
Engineering and Math in the school of 
computing, informatics and decision systems 
engineering, is researching how computer 
tutoring can be used in the classroom with 
multiple groups of students working with an 
instructor.”

Credit: Jessica Hochreiter/ASU
https://fullcircle.asu.edu/faculty/kurt-vanlehn-intelligent-tutoring-research-revolutionizes-teaching/

https://fullcircle.asu.edu/faculty/kurt-vanlehn-intelligent-tutoring-research-revolutionizes-teaching/


Up-skilling and Re-skilling Marginalized Rural and Urban 
Digital Workers: AI-worker collaboration to access 
creative work
• Carnegie Mellon U., West Virginia U., PSU, U 
• Vision: scaffold workers through basic computer fluency, working with 

AI tools, and finally enhance innovation and creativity skills
• Work partners: 
• Bosch
• Rupert Public Library
• Conservation X

Entrepreneurship
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(with ConservationX, Bosch, Rainelle, CommunityForge)

(with Bosch, Rainelle, and CommunityForge)

(with Rainelle, West Virginia Libraries, and CommunityForge)

Local “Gig” Marketplace

Innovation and 
Prototyping

Innovation Contest 
Participation

Transcribing with
Speech Recognition ToolsAudio Transcription

Working with
Computer Vision ToolsImage Segmentation

Work with Recommender
to Find Better Work

List of Good Tasks
for Others

StenographyAudio Transcription

Computer SkillsImage Labeling

Finding and Completing
Digital WorkMicroTasks

Worker-Trained AIs for Productivity & Ownership
*  Collaboration with Speech Recognition
*  Collaboration with Computer Vision
*  Task Recommender System

Skill Learning While Earning with MTurk Launchpad
*  Learn Stenography While Transcribing Audio
*  Tasks Automatically Transformed to
    Introduce Computing Skills
*  Co-Design in the Rural Context

Creativity & Problem Solving Beyond AI Capabilities
*  Participation in Innovation Challenges
*  Creation of local businesses
*  Development and Management of
    Specialized Crowds

knowledge of entrepreneurship; skill
using  meta-Gig platform; time to
create and deploy marketplace

incorporation of ideas in current 
contests; success in future contests

transcription speed and accuracy; 
worker interactions with speech rec.

segmentation speed and accuracy; 
worker interactions with vision tools

task recommender performance; 
worker wage and satisfaction with 
recommendations

transcription speed and accuracy; 
worker’s use of steno chords

worker computer skills (pre- and post-
tests); worker wage while learning

task completion rate and accuracy; 
worker wage while learning

Work Product Skill Development Metrics

(Objective 1)

(Objective 2)

(Objective 3)

Figure 1: The overall goal of our research proposal is to explore research from the technical, design and cognitive
psychology perspective that will allow workers to move up in the cognitive skill category of their work while they

earn money doing so. Our Foundational work will introduce workers to remote digital work and develop approaches
for teaching them basic computing skills; our Augmentation work will explore how digital workers can work

alongside AI to improve their work, acquire skills, and train models that will have market value; and, our Innovation
work will explore how workers can be positioned for the complex problem solving, social, and creative tasks that are

least likely to be automated anytime soon.

D.1 Research Activities

Our research objectives are oriented around the three broad types of cognitive skills that we are targeting to
support and allow people to transition between.

Foundational: Rural and urban adults in marginalized communities have digital literacy skills that are dif-
ferent than people who might have had access to technological advancements from a young age. However,
only minimal work has been done to understand how to support such adults, especially those in rural ar-
eas, in completing computer-based tasks. Based on prior work and our discussions with experts, we expect
rural adults to benefit from structured, regularized work. Working with our governmental partners in West
Virginia (see attached letter of support) and community partners in Pennsylvania (see attached letter of sup-
port), we plan to conduct studies with local rural and urban adults to qualitatively understand and compare
how to best support their work on crowd platforms, and iteratively design tools to help them work better.

Augmentation: To support marginalized rural and urban adults in using crowd platforms, we will develop
new tools that automate the process of finding appropriate work, and use AI to help workers complete
work more efficiently. A primary cause of low wages on crowd work platforms is that a large portion of
workers’ time is dedicated to doing unpaid work related to finding appropriate work. We will thus build
automated methods for finding appropriate work. The queue will be informed by new machine learning
models developed to find fair high-quality tasks for workers to do, and designed to personalize the suggested
tasks to each individual worker. This will allow us to regularize the work that is presented to workers.

Innovation: Much of the work on crowd platforms today is repetitive. Workers routinely enter the same
kinds of information (demographics, for instance), and the user interfaces are often designed poorly. Some
tasks, like audio transcription, have automated approaches that could serve as a starting point, but automa-

D–2
1928631

August 20, 2020 Fostering Reskilling, Upskilling, and Lifelong Learning 10



Panel and Discussion
• Jeff Grann

• Credential Solutions Lead, Credential Engine
• Kyle Dalpe, PhD

• Vice President, Instruction and Instructional Effectiveness, Western Nevada College
• Chris Dede, EdD

• Timothy E. Wirth Professor in Learning Technologies, Harvard Graduate School of 
Education

• Nicole Smith, PhD
• Research Professor and Chief Economist, Center on Education and the Workforce, 

Georgetown University
• Stefano Scarpetta, PhD

• Director, Employment, Labour, and Social Affairs, Organisation for Economic 
Co-operation and Development
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Breakout Sessions

• Small group facilitated discussions, followed by report back
• Themes for this workshop
• Increased responsibility by firms for training
• Improved access to education and training
• New modes of delivery for education and training
• Refined matching of workers to skills
• New definitions for credits, credentials, and qualifications
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Breakout Sessions

• Questions
• What challenges do you face? Your industry? Your workforce? Other 

stakeholders?
• What are the broader social, educational, and economic changes that you 

foresee for workers and the workplace of the future?
• What technology gaps do you anticipate as these changes occur?
• What are the different effects felt by educators as well as other workers: 

manual laborers, service workers, information workers, and/or professionals?
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Questions?
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