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Optional Practical Training 12 months, 1992



Foreign STEM students −→ US workforce, 2018–2022
Foreign graduates, all degrees, STEM (100.0)

EB (15.1) H-1B+ (12.8)

H-1B (47.0)

No OPT (36.3)

Oth. (1.3)

OPT (63.7)

36.3

63.7

15.0

12.8

13.6

0.533.4

0.8

0.1

University
Graduation, 1–3 yrs.

1–8 yrs.
⩾8 yrs.



“I want . . . to remove the ability for employment authorizations
for F-1 students beyond the time that they are in school.”

“We’ve got to do everything we can to really make it
abundantly difficult—only in certain situations—for [foreign]
students to think that they are just going to continue to live
and work in the United States beyond the expiration of their
[F-1 student] visa.”

—USCIS Director Joseph Edlow



Direct effects on patenting Kiana Aran



Direct effects on patenting

Patenting by university-educated STEM workers:
• Native: 2 patents per 100 workers/year
• Foreign-born: 3 patents per 100 workers/year
• Foreign-born, US trained: 7 patents per 100 workers/year



Indirect mechanisms

1 Team, firm spillovers
2 Knowledge diffusion across firms
3 Complementary inputs
4 Demand-driven
5 Labor market crowd-in, crowd-out



Policy shock



US-trained foreign workers on OPT (stock)



US-trained foreign workers on OPT (stock)



Shock magnitude

• ↑ ∼125,000 OPT STEM

• ↑ ∼187,500 high-skill STEM

• ↑ ∼5.6% in overall high-skill STEM
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CAMDEN

ST. LOUIS

LIVINGSTON

CURRITUCK

CRAIG

PRESTON

OSWEGO

YOLO

LANCASTER

FRANKLIN

UNION

PIERCE

ROCK

GEM

BALTIMORE

JEFFERSON

PUTNAM

NEWPORT
NEWS*

COWLITZ

CLAY-
TON

MORGAN

CANYON

HENRY

BROWN

FLORENCE

BRUNSWICK

MEADE

DURHAM

BENTON

POTTAWATOMIE

ONEIDA

COMANCHE

CABARRUS

WARREN

PORTAGE

BAKER

DELAWARE

KNOX

POTTER

RICHMOND*
CHARLESCITY

CROCKETT

AUGUSTA

WOOD

BRAZOS

YAKIMA

OLDHAM

WYAN-
DOTTE

TERREBONNE

SEQUOYAH

WALKER

FULTON

BRADLEY

PERSON

LEAVEN
W

O
RTH

WARRICK

ST. LOUIS*

HOLMES

GILES

HILLSBOROUGH

HARALSON

GRAYSON

OCEAN

AUTAUGA

BIBB

MONMOUTH

WAYNE

FAYETTE

KANAWHA

MONTGOMERY

DESOTO

CARROLL

ST. CLAIR

PROVIDENCE

MONTGOMERY

LUCAS

CRITTENDEN

HENNEPIN

MONROE

WAYNE

ST. CROIX

CHELAN

FLAGLER

GADSDEN
LEON

MONT-
GOMERY

PERRY

CHIPPEWA

WELLS

DOUGLAS

JACKSON

BARROW

SCOTT

ASSUMP-
TION

SANTA ROSA

ORANGE

SEMINOLE

WALTON

DOUGHERTY

FRESNO

HANCOCK

JEFFERSON

TANGI-
PAHOAWEST

BATON

  ROUGE

GREENE

MADISON

ROGERS

RUSK

NELSON

LINCOLN

ARLINGTON
HAMILTON

BOONE

ROANOKE

FRANKLIN

CANNON

HARRISON

KITSAP

GREEN

CLACKAMAS

SEBASTIAN

COLUMBIA

CLARK

RALEIGH

WELD

SHAWNEE

DOUGLAS

SOMERSET

SANTA FE

CRAIGHEAD

PASCO

ECHOLS

DEAR-
BORN

STARK

GIBSON

ROBERTSON

CAPE
MAY

SAUNDERS

MCDUFFIE

DAWSON

WARREN

SARATOGA

ST. JO
HN THE

BAPTIST

WILLIAMSON

SO
M

ER
SE

T

TAZEWELL

BARTOW

OSAGE

ALBANY

DALLAS

ALEXANDRIA*

POLK

POLK

SUMTER

BURLESON

FAUQUIER

WASHINGTON

WALLER

CASS

SARASOTA

TALBOT

YORK
ALLEGHENY

LUMPKIN

MONTGOMERY

ROBERTSON

M
ILW

AUKEE

OCONTO

IREDELL

PULASKI

SACRAMENTO

GREENE

BELMONT

BUTLER

LORAIN

SEDGWICK

JASPER
NAPA

BROOMFIELD

DISTRICT
OF

COLUMBIA

NEW
CASTLE

DENVER

MORRIS

HALE
ELMORE

COWETA

ELKHART

YADKIN

CHILTON

WOOD

WESTCHESTER

ORLEANS

WALKER

MONON-
GALIA

RENSSELAER

GASTON

CUMBERLAND

ST. LUCIE

HENRY

SANTACRUZ

ST. BERNARD

SUFFOLK*

JEFFERSON

SALEM

GRAND FORKS

MACON

PLACER

MEDINA

COTTON

OUACHITA

EL PASO

FLOYD

ECTOR

RICHMOND

JEROME

DUBUQUE

PLAQUEMINES

POINTE
COUPEE

MISSOULA

BEXAR

OGLE-
THORPE

PEACH

JASPER

BRANTLEY

BRYAN

MERCED

MARTIN

WICHITA

PARK

TELLER

TOOELE

MAVERICK

FAYETTE

MONT-
GOMERY

MESA

MENARD

MONROE

LOGAN

TERRELL

QUEEN
ANNE'S

GLOUCESTER

WASHINGTON

SKAGIT

STEVENS

HAMPSHIRE

LAKE

KENT

CLARKE

HANOVER

MILLS

CRAWFORD

HARRISON

HERKIMER

WHATCOM

W
HI

TF
IE

LD

DOUGLAS

HOCKLEY

CHATTA-
HOOCHEE

HOWARD

PASSAIC

BROADWATER

JONES

CHITTENDEN

COLUMBIA

SAN PATRICIO

RANKIN

HARDIN

NELSON

JEFFERSON

M
AR

SH
AL

L

PULASKI

DEKALB

HARRIS

HOUSTON

WEBB

MARION

CHISAGO

THURSTON

BARRY

JUAB

KING WILLIAM

CATOOSA

BERGEN

YUMA

ROCK ISLAND

LYON

COLBERT

ELDORADO

WILSON

UNICOI

NICOLLET

CAPE

GIRARDEAU

PAWNEE

CULPEPER

TIOGA

BOSQUE

SANGAMON

JACKSON

JACKSON

CALDWELL

CASCADE

M
ATHEW

S

HAMILTON

LAFAYETTE

MONTGOMERY

PRINCE
GEORGE'S

OWYHEE

DONIPHAN

HENDERSON

JEFFERSON

LAKE

LYCOMING

HUNTERDON

LOWER

CONNECTICUT

RIVER
  VALLEY

SPOTSYLVANIA

SARPY

SHELBY

LINN

SAN
JACINTO

CALHOUN

BREVARD

AN
DR

OS
CO

GG
IN

WISE

RUTHERFORD

DUPAGE

ANOKA

BUTTE

STEARNS
SHERBURNE

JASPER

FREDERICK

GENESEE

HOKE

CAMPBELL

MINNEHAHA

AIKEN

DICKSON

EDGEFIELD

ORANGE

ST.
CHARLES

CITRUS

SHEBOYGAN

SPARTANBURG

COLE

BEAVER

ERIE

WAYNE

HAYS

W
AS

HI
N

GT
O

N

CHEMUNG

HANCO
CK

CAMERON

BREMER

BUTTE

FRANKLIN

DAVIE

PENDER

SEWARD

WAGONER

JEFFERSON

FLOYD

MIDDLE
SE

X

W
ASH

IN
GTO

N

LONOKE

DAKOTA

LITTLE RIVER

HARRISONBURG*

YORK

RAPIDES

POWHATAN

TATE

PENOBSCOT

SAN FRANCISCO

PLATTE

ATLANTIC

CHESTERFIELD

INDIAN
RIVER

MAHONING

BUCHANAN

LAKE HU
DS

O
N

ST. CHARLES

SANMATEO

JOHNSON

PALM BEACH

BOLLINGER

APPO-
MATTOX

RICHMOND

ORANGE

ARMSTRONG

STEWART

HARDIN

COLLIER

TRAVIS

SUTTER

OSCEOLA

QUEENS

PUEBLO

SCHOHARIE

BROOME

GLYNN

HALL

BRAZORIA

WASHTENAW

SHELBY

CRAWFORD

VIRGINIA BEACH*

OAKLAND

SAGINAW

CARBON

SULLIVAN

GREATERBRIDGEPORT

ASCENSION

JOHNSTON

LAWRENCE

FAYETTE

BAY

WASHINGTON

ROCKINGHAM

MIAMI

POLK

DORCHESTER

WAYNESBORO*

TULARE
CHESAPEAKE*

MADISON

JOHNSON

BENTON

JESSA-
MINE

ROANOKE*
KINGS

EAST
FELICIANA

SUMNER

LIVINGSTON

SAN JOAQUIN

BERKS

LEBANON

BAY

LOWNDES

VERM
ILLIO

N

PICKAWAY

WABASHA

DUTCHESS

JAMES
CITY

SMITH

OLIVER

MORGAN

ST.
HELENA

DAVIDSON

FRANKLIN

BOTETOURT

TOMPKINS

CLAY

PIMA

LAKE

JACKSON

GLOUCESTER

LAUDERDALE
LIMESTONE

HERNANDO

WASHINGTON

ST. TAMMANY

BALTIMORE*

CAMERON

SUSSEX

SCOTT

ESSEX

SHELBY

ST.
JAMES

VIGO

BENZIE

LARIMER

CLARK

YORK

STILLWATER

ROCKINGHAM

MERI-
WETHER

MORTON

YAMHILL

GREENVILLE

PICKENS

BROWARD

HINDS

ONSLOW

MADISON

MONROE

GRANT

ISLE OF
WIGHT

BOURBON

TWIN FALLS

CHARLES

LOUDOUN

WINNEBAGO

GENEVA

ALAMEDA

MORGAN

YAZOO
CHATHAM

CARLISLE

CASS

RANDOLPH

WILL

ALLEN

FILLMORE

SPOKANE

MORGAN

MONTCALM

HENRY

TROUSDALE

CALUMET

LAPORTE

MIDDLESEX

TUNICA

JEFFER-
SON

BARNSTABLE

BLOUNT

WOODBURY

CLINTON

WASHOE

CARSONCITY*

PLYMOUTH

JASPER

NORFOLK

LARUE

ROCKDALE

FAULKNER

STAFFORD

GRANT

NASH

BUCKS

CALHOUN

OWEN

LAWRENCE

RUSSELL

MANATEE

AMHERST

GUADALUPE

ALLEN

ST. JOSEPH

HOPEWELL*

BANDERA

BRISTOL

HIDALGO

LA
CROSSE

MOBILE

MADISON

FORSYTH

ALLEN

YAVAPAI

ROCK-
LAND

RAY

FORREST

ROCK-
WALL

ALEX-
ANDER

MARATHON

GREENE

WASHINGTON

LINCOLN

MADISON

NASSAU

DALLAS

VENTURA

OSAGE

ORANGE

SUMMIT

LIBERTY

CHEROKEE

BOONE

JEFFERSON

UTAH

RICHLAND

GRUNDY

ULSTER

MARICOPA

ONTARIO

HANCOCK

FAIRFAX*

SUMTER

WAKULLA

IOWA

TIPTON

STRAFFORD

MARION

BANNOCK

BOISE

WRIGHT

STANISLAUS

FULTON

OTTAWA

PORTER

GREENE

HARRIS

WARREN

HOUSTON

WAYNE

BOONE

NEW
YORK

FAIRFIELD

ASHTABULA

KENOSHA

CORYELL

DEKALB

LEE

FRANKLIN

RACINE

G
RA

N
D 

IS
LE

DAKOTA

MULTNOMAH

EFFING-
HAM

ANDERSON

LEE

JEFFERSON

SHASTA

LAFOURCHE

ST. MARTIN

MORGAN

TUSCALOOSA

WEST
FELICIANA

HENRY

CABELL

BLUE EARTH

HILLSBOROUGH

POTTAWATTAMIE

JEFFERSON

BATES

NUECES

NEZPERCE

FALLS
CHURCH*

TULSA

ST. CLAIR

PI
N

EL
LA

S

CHEROKEE

BERKELEY

LEELANAU

CLINTON

SNOHOMISH

VANDERBURGH

HAMPSHIRE

OKLAHOMA

VOLUSIA

BONNEVILLE

CHESTER

VERMILION

SANDOVAL

CLAY

WESTERN
CONNECTICUT

EL PASO

NM

TX

KY

OH

GA

AR

OR

PA

MO

NC

UT

VA

WY

WV

NY

INKS

ID

NV

IL

VT

NJ

MN

ND

IA

ME

NH

DE

MT

AZ

NE

WA

SD

CA

AL

WI

MS

CO

OK TN

LA

MI

CT

FL

MD

SC

MA

DC

Anaheim-Santa Ana-Irvine

Arlington-Alexandria-

Reston

Atlanta-Sandy Springs-Roswell

Boston

Cambridge-Newton-

Framingham

Camden

Chicago-
Naperville-
Schaumburg

Dallas-Plano-Irving

Detroit-
Dearborn-

Livonia

Elgin

Everett

Fort Lauderdale-

Pompano Beach-

Sunrise

Fort Worth-Arlington-
Grapevine

Lake
County

Lake County-
Porter County-
Jasper County

Lakewood-New Brunswick

Los Angeles-Long Beach-
Glendale

Miami-
Miami Beach-

Kendall

Nassau County-

Suffolk County

Newark

Oakland-Fremont-Berkeley

Philadelphia

Rockingham

County-

   Strafford County

St. Petersburg-

Clearwater-Largo

San Francisco-San Mateo-Redwood City

SanRafael

Seattle-Bellevue-Kent

Tacoma-Lakewood

Tampa

Warren-Troy-Farmington Hills

Washington

West Palm Beach-

Boca Raton-

Delray Beach

Wilmington

Marietta

Frederick-

Gaithersburg-
Bethesda

New York-

Jersey City-

White Plains

Montgomery

County-Bucks

County-Chester County

Aberdeen

Aberdeen

Ada

Adrian

Alamogordo

Alamosa

Albe-
marle

Albert Lea

Albertville

Alexander
City

Alexandria

Alice

Alma

Alpena

Altus

Americus

Amsterdam

Anderson
Creek

Andrews

Angola

Arcadia

Ardmore

Arkadelphia

Arkansas City-
Winfield

Ash-
land

Astoria

Atchison

Athens

Athens

Athens

Auburn

Auburn

Augusta-

Waterville

Austin

Bainbridge

Baker City

Baraboo

Barre

Bartlesville

Batavia

Batesville

Bay City

Beatrice

Beaver
Dam

Bedford

Beeville

Bellefon-
taine

Bemidji

Benning-
ton

Big
Rapids

Big Spring

Bishop

Blackfoot

Bluefield

Blytheville

Bogalusa

Bonham

Boone

Borger

Bradford

Brainerd

Branson

Brattleboro

Breckenridge

Brenham

Brevard

Brigham City

Brook-
haven

Brookings

Brookings

Brownwood

Burley

Burlington

Butte-Silver Bow

Cadillac

Calhoun

Cambridge

Cambridge

Camden

Campbellsville

Cañon City

Canton

Carbondale

Carlsbad-Artesia

Carroll

Cedar City

Celina

Centralia

Centralia

Charleston-
Mattoon

Chillicothe

Clarksburg

Clarksdale

Clearlake

Cleveland

Clewiston

Clinton

Clovis

Cody

Coldwater

Columbus

Columbus

Concord

Connersville

Cookeville

Coos Bay-North Bend

Corbin

Cordele

Corinth

Cornelia

Corning

Corsicana

Cortland

Coshocton

CrescentCity

Crossville

Cullman

Cumberland

Danville

Danville

Danville

De-
catur

Defiance

Del Rio

Deming

DeRidder

Detroit Lakes

Dickinson

Dixon

Dodge City

Douglas

Dublin

DuBois

Dumas

Duncan

Durango

Durant

Dyersburg

Easton

Edwards

Effingham

El Campo

El Dorado

Elizabeth
City

Elk City

Elkins

Elko

Ellensburg

Emporia

Enterprise

Escanaba

Española

Eufaula

Eureka-Arcata

Evanston

Fairmont

Fairmont

Fallon

Faribault-
Northfield

Farmington

Fayetteville

Fergus Falls

Findlay

Fitzgerald

Forrest City

Fort
Dodge

Fort
Leonard

Wood

Fort
Madison

Fort Morgan

Fort
Payne

Frankfort

Frank-
fort

Franklin

Fredericksburg

Freeport

Fremont

Fremont

Gaffney

Gainesville

Gales-
burg

Galli-
polis

Gallup

Garden City

GardnervilleRanchos

Gillette

Glasgow

Gloversville

Granbury

Grand Rapids

Great
Bend

Green-
castle

Greeneville

Greenfield

Greens-
burg

Greenville

Green-
ville

Greenwood

Greenwood

Grenada

Guymon

Hailey

Hannibal

Harrison

Hastings

Hays

Heber

East
Stroudsburg

Henderson

Henderson

Hereford

Hermiston-Pendleton

Hermitage
Hillsdale

Hobbs

Holland

HoodRiver

Houghton

Hudson

Huntingdon

Hunt-
ing-
ton

Huntsville

Huron

Hutchinson

Hutchin-
son

Indiana

Iron
Mountain

Jackson

Jacksonville

Jackson-
ville

Jamestown

Jamestown-
Dunkirk

Jasper

Jefferson

Jesup

Kalispell

Kearney

Keene

Kendall-
ville

Kennett

Kerrville

Key West-
Key

Largo

Kill
Devil
Hills

Kingsland

Kingsville

Kinston

Kirksville

Klamath Falls

Laconia

La Grande

LaGrange

Lake
City

Lake of
the Woods

Laramie

Las Vegas

Laurel

Laurin-
burg

Lawrenceburg

Lebanon

Lebanon-

Claremont

Le Mars

Lewisburg

Lewis-
burg

Le
wist

ow
n

Lexington

Liberal

Lincoln

Lock
Haven

Logans-
port

Los Alamos

Luding-
ton

Lufkin

Lumberton

Macomb

Madison

Madison-
ville

Magnolia

Malvern

Manitowoc

Marietta

Marinette

Marion

Marion

Marion

Marion-
Herrin

Marquette

Marshall

Marshall

Marshall-
town

Martin

Martinsville

Maryville

Mason
City

Massena-
Ogdensburg

May-
field

McAlester

McComb

McMinn-
ville

McPherson

Meadville

Meno-
monie

Meridian

Mexico

Miami

Middlesborough

Milledgeville

MindenMineral
Wells

Mitchell

Moberly

Monticello

Monticello

Montrose

Morehead City

Morgan
City

Moscow

Moses Lake

Moultrie

Mountain
Home

MountainHome

Mount
Airy

Mount
Pleasant

Mount
Pleasant

Mount
SterlingMount

Vernon

Mount
Vernon

Murray

Murrells
Inlet

Muscatine

Muskogee

Nacogdoches

Nantucket

Natchez

Natchitoches

New Bern

Newberry

New
Castle

New
Iberia

New
Philadelphia-

Dover

Newport

Newport

New Ulm

Nogales

Norfolk

North Platte

North
Wilkesboro

Norwalk

OakHarbor

Ocean
Pines

Oil City

Okeechobee

Olean

Oneonta

Ontario

Opelousas

Orangeburg

Oskaloosa

Othello

Ottawa

Ottawa

Ottumwa

Owa-
tonna

Owosso

Oxford

Ozark

Pahrump

Palatka

Palestine

Pampa

Paragould

Paris

Paris

Payson

Pella

Peru

Petoskey

Picayune

Pierre

Pikeville

Pine Bluff

Pittsburg

Plainview

Platteville

Plattsburgh

Plymouth

Ponca City

Pontiac

Poplar
Bluff

Port Angeles

Port
Lavaca

Portsmouth

Port Townsend

Pottsville

Price

Pullman

Quincy

Raymondville

Red Bluff

Red Wing

Rexburg

Rice Lake

Rich-
mond

Richmond-
Berea

Rifle

Rio Grande City-
Roma

Riverton

Roanoke
Rapids

Rochelle

Rocking-
ham

Rock Springs

Rolla

Roseburg

Roswell

Ruidoso

Russellville

Russellville

Ruston

Rutland

Safford

St. Marys

Salem

Salina

Sandpoint

Sanford

Sault Ste. Marie

Bloomsburg-
Berwick

Scottsbluff

Scottsboro

Seaford

Searcy

Sedalia

Selinsgrove

Selma

Seneca

Seneca
Falls

Sevierville

Seymour

Shawano

Shawnee

Shelby-
Kings

Mountain

Shelby-
ville

Shelton

Sheridan

Show Low

SPRING-
FIELD

Sikeston

Silver City

Snyder

Somerset

Somerset

Sonora

Sparta

Spearfish

Spencer

Spirit
Lake

Starkville

Statesboro

SteamboatSprings

Stephenville

Sterling

Sterling

Stevens
Point-
Plover

Stillwater

Storm
Lake

Sturgis

Sulphur
Springs

Summer-
ville

Sunbury

Susanville

Sweetwater

Tahlequah

Talladega-
Sylacauga

Taos

Taylorville

The Dalles

Thomas-
ton

Thomasville

Tiffin

Tifton

Toccoa

Torrington

Town of Pecos

Troy

Truckee-Grass Valley

Tullahoma-
Manchester

Tupelo

Ukiah

Union
City

Uvalde

Van Wert

Vermillion

Vernal

Vernon

Vicksburg

Vidalia

   Vin-
cennes

Vineyard
Haven

Wa-
bash

Wahpeton

Warren

Warrensburg

Warsaw

Washington

Washington

Washington
Court House

Watertown

Watertown-
Fort

Atkinson

Waycross

Waynes-
ville

Weatherford

West
Plains

Whitewater-
Elkhorn

Williston

Willmar

Wilming-
ton

Wilson

Winchester

Winnemucca

Winona

Wisconsin
Rapids-

Marshfield

Woodward

Wooster

Worthington

Yankton

Zanesville

Zapata

Putnam

Cedartown

GAINESVILLE

KOKOMO

MUNCIE

Craw-
fords-

ville

Forest
City

Bucyrus

Wapakoneta

Sidney
Urbana

Sayre

Hemlock
Farms

MORRIS-
TOWN

ABILENE

AKRON

ALBANY

ALBANY

ALBANY-SCHENECTADY-

TROY

ALBUQUERQUE

ALEXANDRIA

ALLENTOWN-

BETHLEHEM-
EASTON

ALTOONA

AMARILLO

AMES

ANN
ARBOR

ANNISTON-
OXFORD

APPLETON

ASHEVILLE

ATHENS-
CLARKE
COUNTY

ATLANTA-SANDY SPRINGS-ROSWELL

ATLANTIC CITY-

HAMMONTON

AUBURN-
OPELIKA

AUGUSTA-
RICHMOND

COUNTY

AUSTIN-
ROUND ROCK-
SAN MARCOS

BAKERSFIELD-DELANO

BANGOR

BARNSTABLE TOWN

BATON ROUGE

BATTLE
CREEK

BAY
CITY

BEAUMONT-
PORT

ARTHUR

BECKLEY

BELLINGHAM

BEND

BILLINGS

BINGHAMTON

BIRMINGHAM

BISMARCK

BLACKSBURG-

CHRISTIANSBURG-
RADFORD

BLOOMINGTON

BOISE CITY

BOSTON-CAMBRIDGE-NEWTON

BOULDER

BOWLING
GREEN

BOZEMAN

BREMERTON-SILVERDALE-PORT ORCHARD

BRIDGEPORT-

STAMFORD-

DANBURY

BROWNSVILLE-HARLINGEN

BRUNSWICK-
ST. SIMONS

BUFFALO-
CHEEKTOWAGA

BUR-
LING-

TON

BURLINGTON-

SOUTH
BURLINGTON

CANTON-
MASSILLON

CAPE CORAL-FORT MYERS

CAPE
GIRARDEAU

CARSONCITY

CASPER

CEDAR RAPIDS

CHAMBERS-

BURG

CHAMPAIGN-
URBANA

CHARLESTON

CHARLESTON-

NORTH CHARLESTON

CHARLOTTE-
CONCORD-
GASTONIA

CHARLOTTESVILLE

CHATTANOOGA

CHEYENNE
CHICAGO-

NAPERVILLE-
ELGIN

CHICO

CINCINNATI

CLARKSVILLE

CLEVELAND

CLEVELAND

COEURD'ALENE

COLLEGE
STATION-

BRYAN

COLORADO SPRINGS
COLUMBIA

COLUMBIA

COLUMBUS

COLUM-
BUS

COLUMBUS

CORPUS
CHRISTI

CORVALLIS

CRESTVIEW-
FORT WALTON

BEACH-
DESTIN

DALLAS-FORT WORTH-ARLINGTON

DALTON

DAPHNE-
FAIRHOPE-

FOLEY

DAVENPORT-MOLINE-
ROCK ISLAND

DAYTON-
KETTERING-
BEAVERCREEK

DECATUR

DECATUR

DELTONA-
DAYTONA BEACH-

ORMOND BEACH

DENVER-AURORA-CENTENNIAL

DES MOINES-
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Resources
Further information about geographic areas delineated under the core based
statistical area standards is available at "Metro and Micro Areas" within the
"Surveys & Programs" area of the Census Bureau's internet Site at www.census.gov.

Core Based Statistical Area Description
        The United States Office of Management and Budget delineates metropolitan
and micropolitan statistical areas, which are referred to collectively as "core
based statistical areas" (CBSAs). The general concept of the metropolitan and
micropolitan statistical area is that of a core area containing a substantial
population nucleus, together with adjacent communities having a high degree
of economic and social integration with that core. Metropolitan statistical
areas contain at least one urban area of 50,000 or more population;
micropolitan statistical areas contain at least one urban area of at least
10,000 and less than 50,000 population. If specified criteria are met,
a metropolitan statistical area containing a single core with a population
of 2.5 million or more may be subdivided into metropolitan divisions, which
function as distinct areas within the larger metropolitan statistical area.
CBSAs are composed of entire counties. There are 393 metropolitan
statistical areas, of which 13 are subdivided into 37 metropolitan divisions,
and 542 micropolitan statistical areas in the United States and Puerto Rico,
as of July 2023.

Source Description
    CBSA boundaries and titles are as of July 2023, and reflect the
application of the 2020 Standards for Delineating Core Based Statistical Areas to
Census Bureau data. All other boundaries and names are as of January 1, 2023.

Outside Core Based Statistical Area County
(or statistical equivalent)

Core Based Statistical Area Incorporated Place
that is legally independent of any county

BALTIMORE*

Core Based Statistical Area County
(or statistical equivalent)CUMBERLAND

State (or statistical equivalent)DE
International

Urban Area with a population of 10,000 or
more in 2020

Metropolitan Division

!
!
!
!
!
!
!
!
!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !!

!
!
!
!
!
!
!

!!!!!!!!!!!!!!!!!

Newark

Micropolitan Statistical AreaEaston

Metropolitan Statistical AreaDOVER

Legend

July 2023

Metropolitan and Micropolitan Statistical Areas
of the United States and Puerto Rico



Core result

Dep. var: Patent applications
per 100K workers

Estimator: OLS IV

OPT STEM per 100K workers 0.814 0.150 0.211

(0.172) (0.053) (0.039)

Anderson-Rubin p-val. — — 0 .00593

Observations 6793 6793 6793

Dep. var. mean 51.18 51.18 51.18
CBSA fixed effects — Yes Yes
Year fixed effects — Yes Yes



Census regions and divisions



Influential shares Adão et al., Borusyak et al.

Dep. var: Patent applications
per 100K workers

Estimator: IV
Sample: Full Full /∈ top 5

OPT STEM per 100K workers 0.211 0.199 0.201
(0.039) (0.040) (0.057)

Anderson-Rubin p-val. 0 .00593 0 .00807 0 .00096

Observations 6793 6793 6706

Dep. var. mean 51.18 51.18 28.89
CBSA fixed effects Yes Yes Yes
Year fixed effects Yes Yes Yes
Region × year fixed effects — Yes —



Pre-trends by baseline exposure?



Placebo tests Goldsmith-Pinkham et al.

Dep. var: Patent applications per 100K workers
Estimator: IV

Patent type: All All Direct Indirect Low
OPT STEM per 100K workers 0.211 0.222 0.119 0.080 0.012

(0.039) (0.099) (0.053) (0.030) (0.005)

OPT non-STEM per 100K workers −0.189
(1.366)

Observations 6793 6793 6793 6793 6793
Dep. var. mean 51.18 51.18 32.54 8.93 9.71
CBSA fixed effects Yes Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes Yes



Effect magnitude

• Caused by each foreign STEM worker: 0.129
→ That is, 0.211 patents

∼1.63 workers

• Filed by each US-trained high-skill foreign STEM
worker: 0.07

• Multiplier ∼1.7
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Economic value: Patents vs. innovation



Economic value: Patents vs. innovation

Dep. var: Patent applications per 100K workers
Estimator: IV

Weight: — Citations
(All)

Citations
(5 yr.)

Value
(KPSS)

Backward
sci. cit.

OPT STEM per 100K workers 0.211 0.233 0.245 0.254 0.239
(0.039) (0.036) (0.038) (0.034) (0.060)

Observations 6793 6641 6503 5109 5714
CBSA fixed effects Yes Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes Yes

Leonid Kogan et al. QJE 2017; Matt Marx & Aaron Fuegi “Reliance on science”



Bottom line

1 Evidence is consistent with OPT STEM extension causing a
large increase in real innovation and productivity

2 Large indirect effects beyond individual inventors, within
cities (nationwide omitted)

3 Consistent with imminent OPT termination causing
substantial harm to US innovation and economic growth
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Direct Benefit CPC
A61 Medical/vet C10 Petroleum/gas
B01 Phys/chem proc C12 Biochemistry
B81 Microstructural C23 Coating metal
B82 Nanotechnology C25 Electrolytic
C01 Inorganic chem C30 Crystal growth
C02 Water treatment C40 Combinatorial
C07 Organic chem G01 Measuring/Test
C08 Organic macro G02 Optics
C09 Dyes/Paints G05 Controlling
G06 Computing G09 Crypto/Display
G11 Info storage G16 ICT applications
G21 Nuclear physics H01 Basic electric
H02 Electric power H03 Electronic circ
H04 Communication H05 Electric n.e.c.
H10 Semiconductors

Indirect Benefit CPC
A01 Agri/Forestry B64 Aircraft/Aviation
A23 Foods/stuffs C03 Glass/Min wool
B03 Separation sol C04 Cements/Concrete
B09 Solid waste C21 Metallurgy iron
B29 Working plastics C22 Metallurgy/Alloys
B32 Layered products F01 Engines general
B33 Additive manuf F02 Combustion eng
B60 Vehicles general F03 Liquid engines
F15 Fluid actuators F16 Engineering elem
F25 Refrigeration F27 Furnaces/Kilns
F28 Heat exchange G03 Photography
G04 Horology G07 Checking-devices
G08 Signalling G10 Musical instrum

Low Benefit CPC
A21 Baking/Doughs B28 Work cement/clay D99 Subject n.e.c.
A22 Butchering/Meat B30 Presses E01 Roads/railways
A24 Tobacco/Cigars B31 Paper articles E02 Hydraulic eng
A41 Wearing apparel B41 Printing E03 Water supply
A42 Headwear B42 Bookbinding E04 Building
A43 Footwear B43 Writing impl E05 Locks/Keys
A44 Haberdash/Jewel B44 Decorative arts E06 Doors/windows
A45 Hand/travel art B61 Railways E21 Earth drilling
A46 Brushware B62 Land vehicles E99 Subject n.e.c.
A47 Furniture/Dom B63 Ships/vessels F04 Pumps
A62 Life-saving/Fire B65 Convey/Packing F17 Storing gases
A63 Sports/Games B66 Hoisting/Lifting F21 Lighting
A99 Subject n.e.c. B67 Opening bottles F22 Steam generation
B02 Crushing/pulv B68 Saddlery/Upholst F23 Combustion app
B04 Centrifugal app B99 Subject n.e.c. F24 Heating/Vent
B05 Spraying/atom C05 Fertilisers F26 Drying
B06 Mech vibrations C06 Explosives F41 Weapons
B07 Separating sol C11 Oils/fats F42 Ammunition
B08 Cleaning C13 Sugar industry G12 Instrument det
B21 Metal-working C14 Skins/Leather Y02 Climate tech
B22 Casting/Powder D01 Threads/fibres Y04 ICT impact
B23 Machine tools D02 Yarns/finishing Y10 Former USPC
B24 Grinding/Polish D03 Weaving
B25 Hand/port tools D04 Braiding/Knit
B26 Hand cut tools D05 Sewing/Embroid
B27 Working wood D06 Textile treatment

D07 Ropes/Cables
D21 Paper-making
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