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This paper examines the transformative role of Bell Telephone Laboratories in shaping the mid-twentieth century
telecommunications revolution while highlighting the overlooked contributions of women, specifically Dr. Erna Schneider
Hoover. As the research arm of AT&T, Bell Labs produced groundbreaking innovations—from the transistor to Claude
Shannon’s information theory-that laid the foundation for modern digital communication. Hoover’s academic background
at Yale University and her experience teaching at Swarthmore College underscored her capability to work alongside leading
engineers, a position dominated by men. Within this environment, Hoover developed the No. 1 Electronic Switching System
(ESS), a stored-program control system that replaced inefficient manual switching with automated, adaptive processes.
Her work significantly improved the reliability of telephone networks during peak hours and continues to influence modern
digital systems.

Despite breaking through multiple glass ceilings at her workplace, Hoover’s contributions have been largely marginalized
in historical records, reflecting broader patterns of gender inequality in STEM fields. By contrasting her limited recognition
with the recognition received by her male counterparts, this paper underscores systemic biases in the documentation
of Bell Lab’s history. It also highlights how advocacy by figures such as Dr. James E. West expanded opportunities for
underrepresented groups. Ultimately, this paper shines light on the hidden figures in STEM while underscoring the need to
more fully recognise their contributions.
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INTRODUCTION revolutionized telecom with industry-changing inventions
like the world’s first satellite communications system and
the transistor. Though Bell Labs rightly receives acclaim for
its innovations, the history of the mid-twentieth century
telecom revolution obscures the work of women like Erna
Schneider Hoover who contributed to Bell Labs’ inventions
but receives little credit. Hoover’s career reveals how women
scientists enhanced the telecom revolution, yet mostly
remained obscured behind the achievements of their male
colleagues.

In late 1971, Dr. Erna Shneider Hoover lay in a hospital bed,
holding her newborn daughter in one arm, and a book in
the other. Not only was she caring for her infant, Hoover
was also solving one of America’s crippling technological
problems: the inefficient telephone system. As she recovered,
Hoover sketched diagrams, consulted lawyers, and studied
reference books, developing ideas that would later reshape
telecommunications.

Hoover is an unsung hero in the pantheon of innovators

who created modern America. She stands as a revolutionary BELL LABS AND THE MID-CENTURY
figure for her patented invention, the No.1 Electronic TELECOMMUNICATIONS REVOLUTION

Switching System, that sorted telecommunications traffic and  Be]] Telephone Laboratories, founded in 1925 in Greenwich

facilitated quicker communications. But she also remains a Village, moved to Murray Hill, New Jersey in the 1960s
hidden figure because, despite her PhD in mathematics, her

professorship at Swathmore, and her innovative tenure at
New Jersey’s own Bell Labs, her gender made her an outlier: a
wife, mother, and one of the relatively few women advancing
STEM fields in the middle of the twentieth century.!

and became one of the most influential industrial research
institutions in the world (see Appendix A). Originally the
Research and Development arm for AT&T, a nationwide
monopoly that controlled every aspect of U.S. telephone
service, Bell Labs is now a research organization for the
In the 1960s and 1970s, Bell Telephone Laboratories international telecommunications company Nokia.
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Best known for developing many of the foundational
technologies that modern electronics depend on, Bell
Labs became synonymous with the telecommunications
revolution and the early digital age. From the invention of
the transistor in 1947 - which earned Bell researchers John
Bardeen, Walter H. Brattain, and William B. Shockey the
1956 Nobel Prize for Physics - to the development of the
world’s first satellite communications system in the 1960s,
Bell Labs’ endless list of achievements established it as,
according to Encyclopaedia Britannica, “one of the world’s
most prestigious research facilities.”

In July 1948, Shannon published A Mathematical Theory of
Communications in the Bell System Technical Journal, which
“invent[ed] the future.”® Dubbed the “Father of the Information
Age,* Shannon essentially measured information in bits
(binary digits), making it possible to be mathematically
analysed and compressed for transmission. His innovation
was pivotal to the establishment of modern communications,
computing, digital media, compression, cryptography and
the internet.> (See Appendix B.) Shannon earned fifteen
patents throughout his career at Bell Labs, showing how one
researcher could revolutionize telecommunications. The
magnitude of Bell Labs’ impact is difficult to overstate: the
researchers’ work created the possibility for instantaneous
transmission of “breaking news, sporting events, and
video communications” across continents.® According to
former Bell Labs researcher A. Michael Noll, “engineers and
scientists at Bell Labs were being issued a patent a day” in
1965, a testament to the laboratory’s unparalleled influence
on modern technology.”

TRACING THE LIFE OF DR. ERNA SCHNEIDER HOOVER

Born in Irvington, New Jersey, in 1926, Dr. Erna Shneider
Hoover was raised by a dentist father and former teacher-
motherin South Orange.? (See Appendix C.) Taking an interest
in science from a young age, Hoover read Marie Curie’s
biography, which demonstrated to her that women could
succeed in male-dominated fields. She attended Columbia
High School in Maplewood, New Jersey, before graduating
from Wellesley College as a Phi Beta Kappa and Durant
Scholar. Hoover earned a PhD in philosophy and foundations
of mathematics from Yale University —where women
constituted only about five percent of doctoral recipients
in 1951 — an achievement that placed her amongst the
vanguard of women entering STEM fields in mid-century
America.’

For three years, Hoover taught philosophy and logic at
Swarthmore College prior to relocating to Summit, New
Jersey, where her husband, Charles Hoover Jr,, worked at Bell
Labs. Because she struggled to find a tenure-track position
in philosophy, Dr. Hoover joined her husband .*° The internal
training program Hoover completed was equivalent to a
master’s degree in computer science. Later, in 2008, she
reflected, “When [ was hired, the glass ceiling was somewhere
between the basement and the sub-basement,” depicting the
structural barriers women faced at the workplace.!

Yet, she broke through multiple glass ceilings through her
inventions. Hoover revolutionized telephone communication
by creating the No. 1 Electronic Switching System (ESS), the
first large-scale Stored Program Control (SPC) telephone
exchange system (described, in detail, below), in 1954.1
Interestingly, this landmark advancement was developed
at a hospital maternity ward after Dr. Hoover gave birth to
her second daughter.!* The first No.1 ESS was installed in
Succasunna, New Jersey, in 1965.

After more than two decades of work, she was promoted
to head of the technical department as the “first woman
supervisor of a technical department at Bell Labs” in 1978.1*
In an environment overwhelmingly dominated by men, she
rose to leadership at one of the most prestigious research
institutions in the world. Dr. Hoover led the development
of advanced software systems during a period when
computing was rapidly shifting from hardware-focused
innovation to software-driven problem solving. Specifically,
Hoover used automated reasoning for her work on Artificial
Intelligence, building early language processing systems to
help computers follow logical decision-making processes.
Furthermore, she managed several groups of programmers
in developing the U.S. Anti-Ballistic Missile system, better
known as the Safeguard Program.!® Later, she retired from
Bell Labs in 1987 after thirty-two years of research.

In 1983, Dr. Hoover joined the New Jersey Board of Higher
Education, serving as a chairperson of the Trenton State
College Board of Trustees (now The College of New Jersey).
For her contributions, she earned an honorary degree, Doctor
of Humane Letters, in 2020.1° Dr. Hoover’s distinguished
career further emphasizes how much recognition she
deserves, but has not received.

HOW DR. HOOVER
TELECOMMUNICATIONS

TRANSFORMED

Arguably one of the most transformative mid-century
innovations was Dr. Hoover’s invention of the No. 1 ESS.
Previously, telephone networks relied on the Post Office
Telephone Service (now called Plain Old Telephone Service,
POTS): electromechanical switching systems that used
fixed hardware logic. Generally, this network was inefficient
because it was dependent on operators physically connecting
the caller’s phone line to the recipient’s line on a manual
switchboard to make long-distance calls. The operators
possessed little ability to monitor overall traffic conditions
or adapt in real time. Therefore, during peak calling hours,
such as holidays or business rush periods, the phone system
would overload, leading to long delays and service failures.’
According to a 1994 article describing the routine of an
operator, “While ... keeping an eye open for lights indicating
new calls, and sweeping the board of old connections,
operators had to complete several hundred calls an hour
during peak times. Months of practice were required before
they mastered the ‘overlaps, or the knack of performing
multiple tasks simultaneously.”*®
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A telephone exchange system functions as the central
“traffic controller” of a phone network. A caller dials a
destination phone number, and each successive digit in the
number generates a series of quick electrical impulses.'’
These impulses trigger a sequence of rotary switches at the
telephone company’s central office. Because these systems
operated at fixed speeds, the inability to adapt to the growing
number of telephone users in the twentieth century largely
impeded the reliability of telephone networks during periods of
high demand.

Hoover’s invention significantly reduced the system’s
dependency on operators by shifting the line-switching
intelligence from manual operator to electronic signal,
allowing for a more efficient, stable telephone system. When
the exchange detected heavy call volumes, the computer
program could automatically prioritize essential control
tasks and delay less urgent functions, preventing system
overload. This was possible through a specific component
within the telephone switching system: the No.1 ESS Scanner.
It included “peripheral units which serve as buffers,”*® a
temporary storage area to hold and regulate data flow. By
introducing programmability into the telecommunications
infrastructure, Hoover established a foundation for modern
digital networks.

In 1971, Hoover became the first woman to receive a
computer software patent in the history of technology,
marking an important milestone in women’s role in STEM
fields.?! (See Appendix D.) The lasting influence of her work
is still evident today: SPCs continue to “route the billions
of emails sent each day” around the globe.?? Mail Transfer
Agents (MTAs) such as Microsoft Exchange, Postfix, and
Sendmail use programmed rules to determine how messages
are queued, routed, or rejected.

EFFACED FROM THE HISTORICAL RECORD

Hoover only received proper recognition for her invention
in the twenty-first century, when she was inducted into the
National Inventors Hall of Fame in 2008 and received the
National Center for Women & Information Technology’s
2023 Pioneer Award.? She is mentioned sparingly across the
Nokia Bell Labs website, including a brief reference to her
induction into the National Inventors Hall of Fame. No other
female inventor, including influential women such as Marian
Croak, is similarly recognized.?*

Similarly, Hoover is never introduced in Michael Noll’s
numerous papers and articles describing his work at Bell
Labs during the 1960s and 1970s. Despite the fact that
his career overlapped with Hoover’s during what is often
regarded as one of the most revolutionary and influential
periods in the laboratory’s history, Hoover’s contributions
remain absent from his accounts. Noll’s publications, winning
over five national awards, are foundational sources for
understanding this era. Notably, in Noll’s compilation, “List
of Significant Innovations and Discoveries” (1925-1983),
the No. 1 Electronic Switching System is mentioned without
credit given to Hoover.2® Across nearly sixty years of recorded

breakthroughs, only one clearly identifiable woman—Carol
Lochbaum—appears among the named innovators, further
highlighting the gender imbalance in recognition.

In contrast, Bell Labs’ male innovators are extensively
detailed within historical records, books, and other media.
For example, Manfred R. Schroeder is one of the many men
listed in Bell Labs Memoirs: Voices of Innovation, edited by Noll
and Michael Geselowitz.?¢ Growing up in Hitler’s Germany,
Schroeder attended the prestigious University of Gottingen,
earning avordiplom in math (1951) and Dr. rer. Nat. in physics
(1954).77 In Schroeder’s autobiography, he also emphasizes
the work of white, male pioneers. Throughout his more than
a decade of work at Bell Labs, Shroeder invented the voice-
excited vocoder and pioneered linear predictive coding.

These trends reflect a long-standing historical pattern in
which the brightest spotlight is often shone on the “fathers”
of communication—men, like Noll, Thomas Edison, and
Alexander Graham Bell, who have traditionally dominated
the mathematics and engineering industry. The profound
irony of corporate inequality is that while men are often
celebrated for being “visionaries” of the future, women, too,
invented the fundamental systems that made those futures
physically possible.

NEW PERSPECTIVE: JAMES WEST’S INCLUSIVE
ADVOCACY

Dr. James Edward Maceo West's forty-year long career at
Bell Labs illustrates a more inclusive perspective. As an
African-American acoustician and co-inventor of the electret
microphone, Dr. West made a lasting contribution to the
telecommunications revolution. His invention shaped modern
technology such that about ninety percent of microphones
used today—including those in telephones, sound and music
recording equipment, and hearing aids—are based on electret
mechanics.? For his contributions in electrical engineering,
West became the fourth African American selected to join
the National Inventors Hall of Fame in 1999.?° In his lifetime,
he has been awarded over 250 patents and completed more
than a hundred academic papers.>°

In a 2020 interview conducted by Acoustics Today intern
Hilary Kates Varghese, West described racism as the
“biggest obstacle” in his life, stating that “opportunities at
universities and in industry were not open to black people
at that time.”®! He spent his career advancing the interests
of women and under-represented minorities in STEM. In
1970, he cofounded the Association of Black Laboratory
Employees (ABLE), later renamed the African American
Body of Laboratory Employees. ABLE pressured Bell Labs to
“address placement and promotional concerns of Black Bell
Laboratories employees.”*? By lobbying and “convincing the
Bell Labs board of directors that AT&T needed to promote
diversity” while addressing concerns held by Black employees,
West spearheaded initiatives such as the Corporate Research
Fellowship Program (CRFP) and Summer Research Program
for Minorities and Women that provided new opportunities
for underrepresented minorities and women to pursue PhD
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studies in STEM fields.** The measurable outcomes of these
programs underscore their significance: in the early days of
the CRFP, “as much as 50 percent of African American PhDs
in Physics in the US were granted to students supported by
[the program],”**and by 1991, “10 percent of the PhD awards
to underrepresented minorities in engineering went to CRFP
Fellows.”®> According to West, the CRFP “mentored roughly
600 successful women and under-represented minorities
as PhDs.”%¢ These figures show the combined effort between
West and Hoover: Hoover served as an inspiration for other
women, whilst West's initiatives created tangible pathways
for underrepresented minorities to pursue advanced
studies.

CONCLUSION

While Erna Shneider Hoover was eventually recognised for
her achievements during her lifetime, this recognition is
largely absent from Bell Labs’ official website and many other
widely-cited publications about the telecom revolution. This
highlights a persistent gender injustice; historically, women
have been required to work harder and achieve more to
break through institutional barriers built more readily
for men, making the omission of Hoover and many other
accomplished women innovators troubling.

The marginalization of women’s achievements at Bell Labs
reflects a broader systemic issue within STEM fields, where
structural barriers have long limited women'’s participation
and recognition. Significantly, this curbs innovation and
creativity by marginalizing or excluding ideas, as long-
standing precedents reinforce the notion that women are
incapable of achieving what their male colleagues can. Yet
the disproportionate exclusion of women is gradually being
challenged. In a 2018 article published by Nokia Bell Labs,
the company acknowledged its lack of female representation
as a consequence of male dominance in “high-level scientific
and technical fields,” while simultaneously highlighting
a small number of Bell Labs women—among them Dr.
Hoover—as individuals who “serve as inspirations.”*” In a
broader context, schools increasingly provide spaces where
students of all genders are encouraged to explore widely,
and women who choose to enter STEM disciplines are no
longer outliers in their fields. In 1970, women comprised
merely 8 percent of the U.S. STEM workers, and by 2019, this
figure has risen to 27 percent, reflecting the structural shifts
that have allowed women who are scientists, engineers, and
mathematicians to be acknowledged for their work making
technological history.®

For her pioneering work as a mathematician, professor,
and inventor of the No. 1 Electronic Switching System, Erna
Shneider Hoover is a true revolutionary. By demonstrating
how women, too, could transform the telecommunications
industry, she made technological history. It is our
responsibility to ensure that she no longer remains a hidden
figure.
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Dr. Erna Schneider Hoover’s No. 1 Electronic Switching
System, U.S. Patent No. 3,623,007
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