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Lowell, MA., A Storied History of Industrial Revolution,
Women Mill Workers, Activism and Technology
Disruption
• Named after Francis Cabot

Lowell, the business man who
’borrowed’ British technology

• 1820s - Established the
Lowell System - first
vertically integrated textile
factory system in the US

• Built largest locks and canal
system in the country
harnessing the Merrimack
River to power the machines

• (1840-1860) Employed 10K,
produced 1m yards of cotton
cloth per week
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The Workers: Lowell Mill Girls
• Majority were single women

from rural communities

• Experienced in weaving and
spinning; low wages

• Lived in Boarding Houses;
Chaperoned; 80-hr week

• Received educational and
career progression
opportunities

• Harriet Hanson Robinson: Lowell Mill Girl, Wrote Poetry and Led
Women’s Rights and abolition of slavery movements
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Engineering Connection: Lowell Machine Shop Complex

• A powerhouse of innovation,
R&D and reverse engineering

• Paul Moody - built Power
Loom, Led the shop (1824)

• George Washington Whistler -
First Locomotive (1835)

• James B. Francis - refined
canal system, designed the
hydraulic turbine (1837)

• Business Model- Supplying
fully packaged textile mills

• Francis College of
Engineering: 3100 BS, MS,
PhD Students, 102 Faculty, 8
Majors, including Ind. Eng.
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Growth in Educational Enterprise: Lowell Textile School
to UMASS Lowell: 125 Years

Lowell Textile and Lowell Normal School1895
Regional decline; Mills Closed; Moved South1920’s
Lowell Textile Institute: Trade School to Technical College1929
Lowell Technological Institute -Broader Engineering Focus1954
University of Lowell: Merged Education and Engineering1975
University of Massachusetts: one of 5 UMASS campuses1990

• Our Educational System has consistently pivoted to disruptive
technologies for over a century and needs to do so again now for
digitialization and AI era
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Skills for Success in an AI-Augmented Workforce
• Emerging AI-Augmented work requires engineers to be

problem-staters, exercise better ’Human’ skills, ethical reasoning,
identify root-causes when something breaks, model effects of AI
artifacts and decision-making across the organization ....Be
Systems Thinkers

• The current deficit in these
skills among reasons for slow
growth in Digital
Transformation across
industries and government

• Barriers: (i) Lack of Digital
Strategy and Vision; (ii)
Misfit of Organizational
Culture; (ii) Difficulty to
Quantify Benefits; Knowledge
Gap across Generations Bosch Iceberg Model for Digital

Transformation [14]
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Systems Thinking: Deciphering Connections and
Causes Beneath the Surface
• Above surface are events

observed that often drive the
design of the system or
intervention

• Below the surface are
patterns some of which you
may be able to record

• Patterns are the result of
’Structures’ - organizations,
culture, rules ..

• Structures are established by
’mental models’ - beliefs,
practices,.. guiding decisions.

Iceberg Model for Systems Thinking
[22]
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Applying Systems Thinking [29]

• Retrain our classical engineering problem-solving mindset that
emphasize analysis to a synthesis approach

• Instead of decomposing the problem into smaller parts - first
understand the whole system, its interactions, relationships and
contexts that give rise to observed events.

• Discover patterns that emerge when components are
interconnected

• Learn to define the different contexts the system operates in
• Characterize feedback mechanisms between components - those

that stabilize the system and those that create divergent patterns
• Identify leverage points - where small changes can create large

effects
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Frameworks for Practicing Systems Thinking

• Model-Based Systems Engineering (MBSE) to Support Digital
Transformation - Potential to transform reductionist document
based design to a holistic digital model-based design

MBSE and SE Vee [9]

• The learning curve is steep -
but practice needed for deep
mastery is hard

• Frameworks that can support
this practice:

• Enterprise Modeling: Unified
Architecture Framework
(UAF)

• System Modeling:
MagicGrid Framework
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Aligning Organization Vision with Interventions [8]

• SysML: Graphical Modeling
Language

• 9 diagrams for MBSE
Development

• Translates Abstract Concepts
+ Stakeholder Requirements
to Traceable Specification
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UAF Grid
• Columns: Model Kinds or Aspects;
• Rows: Domains that align with stakeholder perspectives; 71

Unique Cells for Specification
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The MagicGrid: Systems Modeling Framework

• To develop ST: Focus on Problem-Domain Black Box (BB) and
White Box (WB) Modeling

• Practice Black-Box Modeling: Acquiring Stakeholder Needs ->
System Context -> Use Cases -> Activity Diagrams

• BB Functional Analysis informs WB Conceptual Subsystems
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Transitioning to our HumanTech Research - Meet our
Interdisciplinary Humans in CACT

• Interdisciplinary research: Physical Acoustics, Computational,
Stochastic and Data-Driven Modeling of Systems, Engineering
Education, Digital Engineering, Immersive Technologies

• 30 years: 52 PhD’s, 65 MS degree graduates; ≈300 UGs
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Designing Intelligent Interfaces for Immersive
Technologies

• Digital Health Solution for
Physical Therapy:
Augmented Reality: UAF
Models [1, 10, 11, 12]

• No-Code AR System
(NCARS): AR Interface for
Domain Experts [2, 4, 5, 6]

• Digital Twins for System
Validation [3]: Neuromorphic
Vision Sensors [24, 25]:
MagicGrid Models
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Digital Health Solution for Physical Therapy and
Rehabilitation [10, 11, 12]
• The population of older

adults is increasing worldwide
• Lack of accessible resources

for healthy aging
• Motivates: Design of

AR-based therapy as
point-of-care digital health
solution

• System of Interest: Tracking
Dynamics of Finger Joints
with Real-Time Diagnostic
Information to Clinicians
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AR Data Analytics: Joint Angle Classification and
Related Performance Metrics

Cycle Open (s) Flexion (s) Close (s) Extension (s) Total (s)
1 1.288 0.462 1.486 0.459 3.695
2 1.270 0.584 1.164 0.396 3.414
3 1.333 0.549 1.331 0.373 3.586
4 1.271 0.636 0.914 0.348 3.169
5 1.404 0.544 0.967 0.414 3.329

Average/Mean 1.3132 s 0.5550 s 1.1724 s 0.3980 s 3.4386 s
Variance 0.002584 s² 0.003242 s² 0.046506 s² 0.001421 s² 0.034554 s²
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UAF Models:Context of Broader Wearable Health
Device (WHD) Integration into the Health Enterprise [1,
7, 8]

1. Frame the Problem: WHD usage and data currently not
integrated within the user’s health management system.

2. Strategic Domain and Motivation Aspect: Capture Drivers,
Opportunities, and Challenges w.r.t Health Enterprise (HE)

3. Strategic-Structure Viewpoint:
• Capture Intrinsic and Instrumental goals of HE
• Show how Opportunities can Enable Enterprise Goals
• Identify HE Capabilities needed to Achieve Goals

4. Operational Domain:
• Develop Taxonomy of Human and System Roles
• Compose relational Structure of Operational Performers
• Show Connectivity between Performers and Data Exchanged
• Refine Operational Scenarios with Process aspect - capturing

activities of performers
5. Resources Domain: Identify available and needed and how

designed AR-PT App fits in.
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Strategic Motivation: Drivers, Opportunities and
Challenges

• Drivers Motivate Enterprise Changes; Challenges are roadblocks;
Opportunities are strategic ways to overcome Challenges.
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Strategic Structure:Enterprise Goals

• Capturing these goals from the right stakeholders is critical for
aligning technical opportunities with business capabilities and
resources.
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Strategic Structure: Goals, Opportunities, Capabilities

• Stereotype ’Enables’ aligns
the Opportunities with
Specific goals

• Identify Capabilities Needed
to Accomplish Goals

• UAF Inputs are from Human
Perspectives capturing the
below surface strategy,
structures and vision
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Operational Domain: Taxonomy, Structure, Process

• Identify an Operational Scenario: Ex: Remote Physical Therapy
• Who are the performers? How are they connected? What activities

are they involved in? What type of information do they exchange?
• There are 72 different viewpoints in UAF that can be further

developed and connected to the solution architecture

H u m a n Te c h D a y 3 29–01–2026 22H u m a n Te c h D a y 3 29–01–2026 22



Digital Twins for System Validation: Neuromorphic
Vision Sensors (NVS) [3]

• Need cross-domain experts
that can bridge left and right
side of the MBSE Vee
processes

• Develop conceptual models of
a Digital Twin with
MagicGrid Framework that
support engagement of
operational personnel in the
design phase.

• Physical System: Regular
Pendulum- Validate system
states: Angle and Velocity of
Oscillations : θ(t), θ̇(t)

• Digital Twin: Computational
Model: Particle Filter:
Driven by NVS
measurements; Estimates
system states and identifies
parameter deviations.

• Physics-Based Model: θ̈(t) + 2βωn θ̇(t) + ω2
n θ(t) = U(t)

• where ωn =
√

g
` , β = b

2m`
√

`g ,U(t) = u(t)
m`2
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Experiment Set up and NVS Measurements

• NVS: Detects only dynamic
events in the frame i.e. the
pendulum in motion.

• Event stream is mapped to
sequence of frames and
system is localized.

• Filtering background noise -
yields the measurements of
oscillation of the mass : θ(t)

• These measurements drive
the digital twin (i.e. Particle
Filter) which estimates the
angular position and velocity.
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Validating Physical System Dynamics with Digital Twin

• DT predicts physical system
behavior accurately when
system and DT parameters
are calibrated exactly

• DT deviates from physical
system behavior when system
and DT parameters are not
calibrated or physical system
parameters have drifted

H u m a n Te c h D a y 3 29–01–2026 25H u m a n Te c h D a y 3 29–01–2026 25



Building Rapport Between Engineers and Operators:
MagicGrid Problem-Domain Models: Black-Box Phase
• Elicit operator requirements

for validation:Requirements
Diagram

• Develop a Use Case
Diagram that represents the
System Context.

• Identify a System Context
using Internal Block
Diagram
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Continuing Conceptual Modeling: White-Box Phase
• Black-Box Perspective is

from Human Side-Operator
interaction with Digital Twin:
Activity Diagram

• White-Box Perspective is
from the System (DT)

• MagicGrid SysML Models provide Solution Architecture
• Enterprise Goals and Needs from UAF are translated to concrete

System Requirements
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Building System-Thinking Through the Digital
Engineering Graduate Certificate [16, 20]

• Offered in synchronous-online model: 8 week sessions
• Completed in one year
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Emerging: Lowell Innovation Network Corridor

• Public-private partnership in
downtown Lowell

• Developing 1 million sq. feet

- new workforce in 5 fields

• Leading companies signed up to establish presence in the area
• Housing for graduates and young professionals near the workplace

to minimize carbon footprint
• Opportunity to bring new service and operational jobs to Lowell

and neighboring communities
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Typical day in CACT - We welcome you to visit, explore, collaborate!
• Scaffolding Academics with Professional Skills Training
• Engaging undergraduates in research (RAMP) [17, 18, 32]

• Training Graduate Students to Co-Create Educational Modules with
Industry Professionals (NSF IGE) [15, 21] [6, 13, 19, 23, 26, 27, 28, 30]

• Near-Peer Mentoring, Participatory Action Research [19, 31, 32]
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Concluding Note: Historical Parallels

• The Lowell Mill Girls had
talent in textile craftsmanship
but their jobs were repetitive
manual labor - ultimately
went on strike and later left
the mills - replaced by
immigrant labor.

• Now women in Indian villages
with experience on local
ecosystem and agriculture are
working as AI labelers

• Captured in the movie
Humans in the Loop (Netflix)
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