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Decennial Census Digitization and Linkage Project

* Project motivation

* Background

* Digitization

* Capture

* Linkage

* Upcoming related work

e Data access
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U.S. Census Bureau

Mission: The Census Bureau's mission is to serve as the nation’s leading
provider of quality data about its people and economy

United States®

Census

ossssssssse Bureau 4



Title 13 U.S.C.

* Title 13 protects the data we collect at the Census Bureau

* It is against the law to disclose or publish any private information that
identifies an individual or business, including names

* All systems, software must be approved and protected

United States®

Census

ossssssssse Bureau



Research partnerships

* Federal Statistical Research Data
Centers (FSRDC) are
partnerships between federal
statistical agencies and leading
research institutions

* FSRDCs provide secure
environments supporting
qualified researchers using
restricted-access data while
protecting respondent
confidentiality
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Data Linkage Infrastructure

1850-1930
Censuses

1940

\

Census

—1 Censuses

e — = =

2000-2020

Censuses

/

2001-2022
ACS

Census Surveys and Data

Current Population Survey (1973, 1978-present)
American Housing Survey (1983-present)
Survey of Income and Program Participation (1984-present)
Longitudinal Employer-Household Dynamics (LEHD) Data

\

\ /

/

Administrative Data
SSA Numident

Medicare and Medicaid Eligibility Data

IRS Form 1040, 1969-1994

User-provided Data
Examples: clinical trials,

administrative records, surveys




Digitized full-count U.S. Census data, linked over time

IPUMS Multigenerational Longitudinal Panel
NBER Census Linking Project
BYU Census Tree
1850-1940

2000 Census

2010 Census
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Digitized full-count U.S. Census data, linked over time
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Digitized full-count U.S. Census data, linked over time

1940 Census

IPUMS Multigenerational Longitudinal Panel
NBER Census Linking Project
BYU Census Tree
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2000 Census
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ACS
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Vol.I, No.3
December 22, 1950

Occupational Mobiliy
Survey Is Planned

At the request of the Social Science Research Council,
a private research organization, the Population and
Field Divisions are making plans for an Occupational
Mobility Survey to find out what kinds of jobs people
have and how they have obtained them. This survey
will start early in January in Chicago, St. Paul,
Philadelphia, New Haven, Los Angeles and San Fran-
cisco. It is expected that 30 enumerators in each city
will be able to complete the job by February 28.
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Long history of studying mobility

[ CURRENT POPULATION REPORTS

Ts_chnical Studies

Series P-23, No. 11
May 12, 1964

LIFETIME OCCUPATIONAL MOBILITY OF ADULT MALES

MARCH 1962

The proportion of men 25 to 64 years old
whose occupation 1is in the same major occupa-
tion group as that of their fathers was not
quite 1 in 4, i.e., 23 percent, 1in 1962. The

T DUredu

occupational inheritance and occupational self-
recruitment for a number of reasons includ-
ing shifts 1in occupational composition over
time, supply and demand factors, and differen-
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DCDL Background
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Digitized full-count U.S. Census data, linked over time

1940 Census

IPUMS Multigenerational Longitudinal Panel
NBER Census Linking Project
BYU Census Tree
1850-1940

2000 Census
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ACS
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Why are the 1950 data missing?

* Microdata for 1950 only exist for 1% of the population
* Census images were made public in April 2022
* Full-count microdata became available in 2024

* Will be linked to modern data by 2026

United States®

Census



o .

PR
Tk

L] 8L
thnsmens

thhhbaes

|1_"'|_'-'.!p,.
TRTLITIY
P

LR IE R T ¥ L

(T

United States®

Census

16

oassssssss— Bureau



k
W

Al

(WA RI AL
L

LLRRARRRRTTRRRRENY

=
E
-
=
=
-
=
-
=
=

cUnited States®

ensus

oassssssss— Bureau




cUnited States®

ensus

oassssssss— Bureau

18



c Uni

CENSUS
BULL

TN

U.S. Department of Commerce
BUREAU OF THE CENSUS

VOL. XXVIIl No. 7
August-September 1978

Q&A

Regs. Prohibit
Personal Calls

Q. What are Federal regulations re-
garding phone calls? Several of my
co-workers routinely call friends or rela-
tives long distance on office phones and
this strikes me as a serious abuse.

ASD answers. Federal Property Man-
agement  Regulation 101-35.307-1(b)
states that agencies should provide only
telephone “equipment necessary to carry
out assigned missions.”” Chapter K-12,
Census Administrative Manual, limits the
use of government telephones to official
business only—and prohibits this use for
nersonal calils.

Age Search 75 Years Young

The Bureau’s Age Search service is 75
years old and going strong.

“The operation started when the Con-
gress allowed the Bureau to charge a small
fee to anyone who requested a search of
census records for proof of age, race, or
place of birth and residence,” said Bureau
Historian Fred Bohme {(DUSD). Census
records can also be used to prove citizen-
ship, relationship, and occupation.

"“People who have little or no docu-
mentation on their past need such help.
Until 1920, a number of States did not
have standard birth registration proce-
dures,”” Bohme noted.

However, the public was slow to uti-
tize this resource provided by the Bureau.
In 1909, six years after the start of the

FRANK Allai,

Chief, Personal Census Service
Branch, checks documents with secretary Kay
Meyer.
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Microfilm Numbers

Year  Reels  Images
1960 11,745 21,141,000

1970 37,250 67,050,000

1980 92,250 166,050,000

1990 115,000 207,000,000

256,245 461,241,000
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Why are the 1960-1990 data missing?

e Microdata files for 1960-1990 exist but do not include names
e Names were handwritten on census forms
e Census forms are stored on 250,000 microfilm reels

e Forms and data for 1960-1990 are protected by Title 13
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DCDL has been a long time coming...

DCDL feasibility research (2013-2019)

* National Academies panel on intergenerational mobility
 Demonstrated methods for scanning, OCR, record linkage

DCDL Full production work (2020-2026)
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Decennial Census Digitization and Linkage Project
1. Digitizing 250,000 reels of microfilm
2. Capturing handwritten names and some bubbled data
3. Merging names with original microdata files
4. Linking all possible records over time

5. Sharing linked data securely ® orcinniAL

Q. . CENSUS
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Decennial Census Digitization and Linkage Project

Support for feasibility research, 2013-2019

| WILLIAM + FLOR A
m NATIONAL  sences. /éh«w ‘| Hewlett
ACADEMIES wedicine - Foundation

dicine . — i I—
National Institute CORFO R_S:lleN
on Aging OF NEW YORK

Support for full-production work, 2020-2026

BILL&MELINDA aa O Overdeck
m GATES foundation b Mmer | Famiy

National Institute GROUP I Foundation
on Aging
United States® i Arnold
CenSHHSu I EPS R THU__-:)) FOUNDATION Ventures
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Digitization: Microfilm Scanning

* Digital scanning at the Census Bureau’s National Processing Center
(NPC)

* Reel preparation includes unwinding, attaching trailers, and rewinding
all of 1970 reels and various other reels
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Page 2 PLEASE ALSO ANSWER HOUSING QUESTIONS ON PAGE 3

PLEASE ALSO ANSWER HOUSING QUESTI’ONS ONPAGEJ —

VAL dimesm——————,—> Page3
PERSON 1 PERSON 2 PERSON 3 PERSON PERSON PERSON 6 PERSON 7 NOW PLEASE ANSWER QUESTIONS Hla—H7b FOR YOUR HOUSEHOLD
P o > g Lt Laana =] i o . Hia. Did you leave anyone out of your list of persons for [ this is. 2 ONE-FAMILY HOUSE —
ok Question 1a on page 1 Ha.
for each person listed in. Fiot s Fobdi e | Fd e W il | Pevl nare Wtde i | Festmame Vi vl | P rame Vadie il | Frs rarme. eade s T T P
Question 1a on page 1. l A “""'uham'hwm“k*"’mm. O Yas o Na I
y on a business tion
. How person related RELATIVE of Person : TIVE of Person 1 TIVE of Person. \TIVE of Person 1: RELATIVE of Perscn newborn the hospital,
2 hpﬁ:gg-N" n Ha of Person 1. 1fa RELATIVE of Pesson 1. 1f a RELATIVE of Person 1 If a RELATIVE of Person 1: 1fa RELATIVE of Person Ha of 1: the hospits person who T T T T
. © Husbend/wife  © Brother/sster o ' o S o H o o o H o a o Al olhes i eepetye
T ONE circls fos ech passou: START in this column with the household. © Natural-born © Naturalborn o o o ; Natural-bors o € Natural o F © Naturalchorn O Yes, please print the namels) © Ne
member for ane of the members) In whose name or adopted or adopted O Grandchild or adopted o or adopted o or adopted Q Grandchild or adopted andmm(s}.? u T Yes © No
If Other relativecf person in column 1. the home Is owned, being bought, or rented. son/daughter son/daughter O o o son/daughter < Other relati son/daughier
6 circle and print exact relaticnship, such O Stepson/ O Stepson/ © Stepson/ o Stepson/ & Stepson/ - Answer only if you ar someane i this household OWNS
25 mother-in-law, grandparent, son-in-law, I there s no such in this column with 1 Jos 5 ! mrsaunm;mmAzmpamf
e ool t8 2h: 8k gdifibotadhald meker IfNOT RELATED o Person 1: HNOT RELATED to © 1 NOT RELATED to Person 1 {FNOT RELATED to Person 1 I{NOT RELATED to Person 1: . Did \n your listof f Hé. Ve Pl D R s "“"’"‘m"f:“
O Roomer, boarder, O Unmarried © Roomer, boarder, O Unmarried O Roomer, boarder, O Unmaried O Roomer,boarder, O Unmarried © Roomer,boarder, C Unmarried Question 1a on page 1 even though you were not sure mxuuh“mm“w
or foster child partner or foster child ‘pariner or foster child partner o foster child ‘pariner or foster child ‘partner that the person should be lisied — for example, a
© Housemte, gy © Other O Housemate, O Other O Houssmale, gy O Other O Housemate, g O Other © Housemate, gy C Other h here O Less than $10,000 O $70,00010 $74,999
u voommate. nonrelative roommate nonrelatve room nonvelative roommate Ml " “nonrelatve roommate Ml " nonrelative usually lives somewhere else? O 510000051459 O $75.00010 $79.999
3. Sex , o = I E : " O Yes, please print the name(s) o N O $150001819.999 O $80,000 10$89,999
et el o Male > Female Male O Female © Malke O Female O Male O Female O Male © Female © Male O Female e 57 bt it B ac s it
S e & e e o e S, e e O 5250001052999 O $100,000to $124,999
Fill ONE circe for the race thet the person O Black or Negio 9 Black ar Negro. © Black or Negro O Black or Negro O Black orNegm ) Black or Negro . e C smommsem o szmmmwssse | B
considers himsell/ herself 10 be. © Indian (Amer) Pt he nome of e O Indian (Amer.) (Print the name of the O Indian (Amer.) (Print the neme of the O lndin (Ames) (i he name of e 3 ndlan Amer.) (Printtherame o the 1 Indian (Amer.) (Print the name of the —— 2 TR 99,290\ o0 BIG0 0006 ST
f Indian (Amer.), prin the = ipal tribe.- v pri ) incipal fribe.) nrolled or principal tmhe Jg enrolled or principal mbe.) 2 [H2. ba«duahsﬂﬁsm.gvmmm © $40,000 to 544,999 $175,000 10 §199,999 | ©
er.), print the name 5 e (B S e e 1 T = =y iR e L i . T ot e i avarf wacat © $45,000 to 549,999 O $200,000 to $249,999
the enrolled or principal trbe. o 1 i : | | 7 i I | |z S5000010 854,999 O §250,000 10 $299,999
R i R STREES: S ’ | © Amobile home or traler ] e = i . : A
: Edkima © Edkimo O Eddmo o Edkime © Eskime G = A st i © $55,00015859999 O $300,00010§399,999 |
O Alewt O Aleut O Alewt O Aleut o Alen S At 5 340,20 AW ben e s Ao i o O $60.0001864.999 O $400.000108499,999 | 5
Asian or Pacfic Islander (AP1) Asian or Pacfic lslander (AP]) Asian or Pacifc Isander (AP Astan o Pactfc Isander (AP) Asian or Pacic llander (APY) Asian or Pacific skander (APY) 5 5 attached to one or e e e By ‘ 5
P o T lvange N2 S e e e oo e angnecie ™ === s . g > 000 or mere g
G Chinese O Japanese O Chinese O Japanese O Chinese G Japanese O Chinese O Japanese O Chinese Japanese © Chinese O Japanese 3 2 ;MH h';”"*‘“""""
© Filpino O Asien Indian o Fiipino [l © Asenindan O Fiipno [l © Asian Indian © Filipin O Astan Indian O Plipina Asian Indian o Fipno [ O Asaninden | ® 2 "GW':h or 4 apartments
1£ Other Asian or Pacific Islander (AP1) © Howallan O Samoan O Hawalian S Semoan O Hawaiian O Samoan © Hawallan © Samoan G Hawsian Samoan d O Samoan 1 S bulicog wllh 6 1o aparimati 7 PRI
print one group. for example: Hmong, o n O Guamanian O Korean S Guamanian O Korean O Guamanian © Korean © Guamanian O Korean Guamanian © Korean O Guamanian e S Mg i L1 b 1) ol e Wh"“"“""’ au FAY S e OF eI =
Egfeny Faclieny Thel{ Torgem, Poktent; O Vietnamese O Other APL O Vietnamese © Other API O Vietnamese O Other API o O Vietnamese Other APL ) o O/ Bullding et 20 15,45 apactiigas H7a. What is the monthlyrent?
Cambodian, and 5o on - 7 T [ R T e N 7 e -5 - o © A building with 50 or more apartments O Lessthan $80 o $37510 8399
i ] . A5 25 than o 1o
If Other race, printrace. — ! o ] | o i | =} 2 © 38010599 O 340010 $424
O Other race (Print race) O Other race (Print race) G Other race (Print racel 8 H. H & O 5100t 8$124 O $42510 8449 8
- gt - i O $12510$149 O $45010 8474
3 3 A b. Year of birth T : D YT ot b ekt oo I
5. Age and year of birth 8 Aot T b . e B Y:WNPM" s 9‘= = d R & | & et O $15010$174 O $47510 3499
. Prin ench person's st st birthday. T i E o T o et i s e (B O $17510$199 O $50010 $524
Fill in the matching circle below each box. — L -t L i X . < =L, L4 s = G © 520005224 [l © $525108549
000000 e} 000000 (s} 000000 18800000 00000C 0obo 3 S b $225 o 5249 O $55010 $599
101010 o 101010 o igio1o 901010 |10101¢C 101c | Riomn L3ihh e 3 5250 (o 5278 O 360010 3649
B Pris sach pemcn’s pesr of Buth e 8 e 2020 o 2020 o 2020 2020 2020 2020 |z FE e e T e T 1 $275 10 5299 © 365010 8699 T
e e 3030 o 3030 ) 3030 3030 3030 3030 |o $300 1o 5324 O $70010 8749 @
4040 o 4040 o scac | g 4040 4040 | g 4040 % O“‘:’i“““‘“’”"’““’“m"”;‘"‘““’ S, ™ 5325 10 §349 O $75010$999
5050 e} 5050 o 5050 5050 5050 6060 S mocigpge o $350 to §374 O $1,000 or more
6060 o 6060 o 6060 60860 6060 cosc |B FLOPIRIDS e < morkons BON ok ye ]
7070 o 70170 o 7070 1010 7070 7070 : '"“W‘Wm“;mmvl- b. Does the monthly rent include any meals?
8080 o 8080 o 8080 8080C 8080 8080 © Renled for cash rent? 5 4 !
s 5 S 5 G550 Shso Soen s osg O Occuped without payment of cash rent? @ Yes o No
FOR CENSUS USE
6. Marital status O Now married © Separate © Now married © Separated O Now married O Now married © Separated O Nowmamed O Seperated O Nowmamied O Separaied O Now mnited O Baaie [ P g e i % e
Fill ONE elrcle for each person. O Widowed © Never married © Widowed ©  Never married O Widowed O Never married O Widowed O Never married O Widowed O Never married O Widowed © Never married O Widowed © Never married " persons | = e 2
G Divorced O Divorced O Divorced O Diverced O Divorced S Divorced O Diverced Ceckpied | YV incetl > Lessthan1 © 6upio 12
K 1" © lupte2 O 12upto24 |
i ilo 5 t !
7. Is this person of Spanish/ Hispanic origin? @ No (ot Spanish/Hispanic) © No (not Spanish/Hispanic) O No (not Spanish/Hispanic) O No (not Spanish/Hispanic) O No (not Spanish/Hispanic) 2 No (not Spanish/Hispanic) © No (not Spanish/Hispanic) : i I e E’“"""’ = Sxd“hm © 2upto6 O 2dormore |! |
Fill ONE circle for each person. @ Yes, Mexican, Mexican-Am., Chicano © Yes, Mexican, Mexican-Am., Chicano © Yes, Mexican, Mexican-Am., Chicano © Yes, Mexican, Mexican-Am., Chicano. © Yes, Mexican, Mexican-Am., Chicano 2 Yes, Mexican, Mexican-Am., Chicano © Yes, Mexican, Mexican-Am., Chicano ||---—--= | @ Centn O Us it E t L
G Yes,PuemoRian G Yes, Puerto Rican O Yo PuerioRcn g O Yo, PumioRemn g O Yes, Puerto Rican 2 Yes, Puerto Rican O Yes, Puerto Rican e o shewhere | E. 220
< Yes, Cuban © Yes, Cuban O Yes, Cuban O Yes, Cuban O Yes, Cuban © Yes, Cuban O VYes, Cuban ] 1 1 |Cl Vacancy staius o 1 y S ;
O Yes, other Spanish/Hispanic © Yes, ather Spanish/Hispanic O Yes, other Spanish, Hispanic O Yes, other Spanish/Hispanic O Yes, other Spanish/Hispanic O Yes, other © Yes, other Spanish,/Hispani 2 e e o 2 a a'e 2
[Print one group, for example: Argentinean, (Print (Print one group, for example: Argentingan, (Print ane group, for example: Argentinean, |Pmunagnup,luemhkganﬂmn‘ mwmr«mmpo. J 5 | © Forrent O Forsess/ | o 5 33 a3
Colombian, Domirican, Nicaraguan, Colombian, Dominican, Nicaraguan, Colombian, Dominican, Nicaraguan, Calombian, Dominican, Nicataguan, . Dominican, Nicaraguan, W | Bkl e | P ek s
e etk Spaviat/ e S, Spemerd,and so0n) 5| Seivadoran, Spaniard, ﬂgggzﬂnr]7wﬁ l Salvadoran, Spaniard, mdsoon) z | Sl m-a;d: O Formigrant | sk el b
A | ! i sold, ne e o 5 22 ,
prntoregrowp.— { ; § L = & oocupied 0 Qther yocant | - = st
FOR CENSUS USE iy o ] 1Ll l o o o o | cz. et unitboarded up? | F. Cov. So Se BB
e} (s} c i1 11 o o o o o Yer O No Ol 0la 07
T
-+ 0
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Microfilm reel scanning specifics

* Each reel has ~1800 images

* Each scanning machine can scan about 15-20 reels per day

* Creates one gray scale .jpg and one black and white .tif of each image
* Gray scale reel: ~¥12 Gb

* Black and white reel: ~.16 Gb

* Producing 5-6 Tb digital images per day

e ~250,000 reels, 460 million images, 700 million names

* Estimating nearly 4 Pb of images total
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Image Storage

* Move scans to 4 Pb Dell Isilon Network Attached Storage (NAS)
* Back up to digital tape in facility in Maryland
* Created storage organization for live scanning and back ups

* Perform technical quality assurance and scanning of images
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Project Status

* Follow our progress on the DCDL website: www.census.gov/dcdl

Percent Completion of Reel Preparation and Scanning

B Prepared Not prepared _
Decennial census year

1990 1980 1970 1960 Grand total
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census B scanned Not scanned

e Bureau 37


http://www.census.gov/dcdl

Decennial Census Microfilm Scanning Progress by Week

These figures represent the number of microfilm reels scanned into digital images for a given week. The original weekly goal and current
projected timeline for microfilm scanning are also displayed.

Weekly Progress

* i, .

Mayl,21 Sepl, 21 Jan1l, 22 May 1, 22 Sepl, 22 Jan1l, 23 May 1, 23 Sep1l,23 Jan1l, 24 May 1,24 Sepl, 24

| ast dav of week
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Capture
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Form

Capture — Questionnaire
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Page 2
l.ﬂMTETP_ENhI.DFMI!’ERH’IIM e 2, HOW 5 EACH PERSON RELATED TO THE DATE QF BIRTH
‘ b was lving here cn Wednesday, 1, 1570 ar HEAD OF THIE HOUSEHOLD? T e i
who wis staying o visiling here and Fad no cther home? 5. Momth and 6. Menth | 7. Yaar of birth
Fill e wircie. year of birth ol
Head of the bowselold - - and age st hirth
0o e ( V.if:j’h;{ 1 "sber relesive of Bewd also pive exart relesiomsbip, for evanple, ] - i e -
“u:;r‘ s e, | Unmerid ek, i o erin-law, brather, miecs, grendsas, #ir. Fill ome wircle. et . g
THIS imibir | Morrind ehitdn and their farilie i m _— Fil one I "Indiam { American )" glio give sribe. - Fill ome . i
cou N e onder [ Cubes celusives of the head If “Gouber sel ratated o bead,” alia give smses rolasionbifs, for sxampie, sincle S Prins - forfen | forlad
UMN | S | Persoms st related to the bead Jorsner, mad, tei If ~Qrber.” st give racr, iree mumdbers memier
—_—
2 £ Head of housenoid 0 Fpamer, beardar, lsdger Male O White O Jspanese 0] 05
| O Wide of hand 3 Patient or inmats a i O Chiness Manth _______ Ljo6
S O San vdu-i!lar of haed Other not ratated b hear Print exact o Negrs O Filiging 2.3 007
Last et !
? N@ i | © e e el Femse e o o R 2 e
of reati= Print exact | = 0 Indian tamrz 4109
- e e e
_ Frstrame Miidche Initfal [ ] e e ] i St g
" i Head of houssheld O Fsbinar, Besider, lodge Male 3 Whits ke o 5 ki
" O Patieat oF inmats o Mot bl 106 gl
| o e ST ) Other niot related b hesd— Print st g Negro 3 Apr.-June 207
Lot riame: relaromebis  Pamah or Black 31lo08
a o " Year _ 0 ity Supt (s
'| 1 o > Indian {Amar) | 4 41009
Firams oo 22N . 2 Pvmrh!ud— Hage o Ceb-Dwe.
- © Rocmer, baardar, loger Male R ] © Jan.Mar, 0 ) @5 | 0O Nowmarred
] ) Patlent ar inmate o Month________| _ 106 | O Widewad
a @'lii?én'ﬁ ———————————— S o © Cmer not relobed to Read— Peia seact a "g?‘;m 10 Bpr-une 2| o7 | O Divrcsd ]
s iy relationrhip|  Famale Veur. 0 Juby gt 3108 | O Separated
of heac— Prini exart | ' o © ncias (Amer) | SR 4009 | o Newr ‘s
RN M SR A welaiicm B --— i pﬂm"m.,.. 1 * marred |
LN First risms S et R e e | [ ] L s | N b ™1 [ ] i
. © Head of houssheld © Recmar, beardar, lodger WMeie o Whits o Japanesa O Hawallsn e I 0028 | O Nowmarred 47
b=, o Wife of head = Patient or inmade ] T Chiness = Korman ot _________| ~ | o 10 28 | O Widewad e
o e ———- -| © Son or caughter of head T2 Cther not related o head— Pris cears o Negro Fiiping O Apr.-Jung| o 207 | CDheewd |7
23 R, © Caher relatie r——— relaioerhipl  Famaly o Block - __| it o 3| G B | O Separsted | ¢
Q of hegd Print cxans | | e © Incisn (Amer) | O MrSwi o 4008 | O Newr i
e A, alaticnbip = | Priai iribe | O OctDec | @ marred |
First name Middle mitisl e ——— = A
& © Head of housshold 5 Reoormer, boarder, bodger Male o Wit T laganwss O Hawsiisn | o JanMar o 0! 08 | 0 Nowmirded
! < Wite of heed = Patient er inmate [=] | O Chinese 0 Korean MO e | AgrJuna o 10 o8 | o Widowed
e e | 3 Son or aughter of head G Onher not reisted to head—Frin pxect : v o 2 0t | 0bwced |2
© Other relakive - velatisarbip|  Female © JulySept] o 4 0B | O Separated
of henc— Prist evary | o o | SRR i B 4 B | O Never [ ]
I I S melatin myip = Pris irite i i B Fnaried
Miciche in ia ] R — e | ] 2 — . s = -
! © Head of househald ©: Roomer, boardes, lodger Male Wita © lapanasa O Hewailen ol 0i0s5
& Wile of hesd & Patient o inmate =} © Chirmoe O Hewman Month. -~ i B ) 1 : &
mmmmmsmem e === | O Son or daughter of head Cother ot rutated to Tead—Pring axact o Megre < Fliging 0 Othvae— Prins O Aprtunal O ioF
| @ otner relatve - selaricazbip)  Female or Black iy | TR G & 308
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Form Capture — Newly Digitized Data
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Capture: Keyed training and truth data

@ DCDL Data Entry bs

< 2> C 0 @ localhost7000/EntryApp/ Q % B 2

Decennial Census Digitization and Data Linkage

The Decennial Census Digitization and Linkage project (DCDL) is an initiative to produce linked restricted microdata files from the decennial censuses of 1960 through 1990. This tool enables hand-
entry of data from a subset of scanned images of the historical files, an essential part of developing a scalable tool to capture respondent information so that individuals can be studied over time.

User jbid789 has completed data entry for 0 / 2 images.

The current reel is from 1990. Next image (2 remaining):

Code Image

Recent images

‘image year | type | complete? | updated | problem? EDIT‘

Click the buttons below to view sample record entry pages for each year.
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O Product ¥ Solutions ¥ Resources ¥ Open Source > Enterprise ¥ Pricing Search or jump to... / Sign in

H census-bds [ dcdl-data-entry  Public [\ Notifications % Fork 1 ¢ Star 1 -

<> Code () Issues 1 Pullrequests () Actions [fJ Projects () Security |~ Insights

¥ master ~ ¥ 1Branch 0 Tags Q Gotofile <> Code ~ About

Django app to enable hand entry of

murray-cecile and murray-cecile final production code 8b56fed - 2 years ago (1) 1 Commit records from the 1960-1990 decennial
7 censuses to construct training/test
| EntryApp final production code 2 years ago dataset for custom OCR/OMR algorithms
2 dcdl final production code 2 years ago 0 Readme
"W load_test final production code 2 years ago Y Activity
(=] Custom properties
8 requirements final production code 2 years ago & 1 star
W templates/registration final production code 2 years ago & 1watching
¥ 1fork
D README.md final production code 2 years ago
Report repository
cUnitecl States®
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Optical Character Recognition (OCR) for
handwritten names

* Team from Information Sciences Institute at University of
Southern California for custom OCR software
e Performed best on 1990 feasibility test in 2015

e Alexander, J. T., Fisher, J. D., & Genadek, K. R. (2022). Digitizing
hand-written data with automated methods: A pilot project using

the 1990 US Census. Journal of Economic and Social
Measurement, 46(2), 95-108

* OCR supported by Census Bureau staff
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OCR Progress

* Handwriting Capture
* 1990 software developed: 87-95% exact name capture
e 1980 software in development: 86-93% exact name match
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Optical Mark Recognition (OMR)

* Census Bureau Information Technology Office developed and
implementing custom OMR

* Team at NPC supporting OMR with Quality Assurance checks
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OMR Progress

* OMR — Bubble Capture

* 1990 OMR software developed: 99% accuracy rates
* In production, QA ongoing

e 1980 software in production

e 1970 software in development
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1970 CENSUS -- BREAKER SHEET
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Additional Capture

* 1960, 1970 Enumeration District Books
* 1970 Census Addresses

* 1980 Address files
* 1990 Group Quarters
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Digitizing and parsing semi-structured historical administrative documents
from the G.I. Bill mortgage guarantee program

Sara Lafia, David A. Bleckley, J. Trent Alexander «

Journal of Documentation DOWNLOADS

ISSN: 0022-0418 -
4 Article publication date: 31 July 2023
Issue publication date: 18 December 2023
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I Name 1

@ Name €D | .
Aael H. and Pearl C. ;;m | Location 2
i1C

hita, Kansas $9,000. Amount 3

@ Agency | CC-64
Kansas City Agency | 4
Status 5
The heserve Building & Loan Association | Agency s
Wichita, Kansas '
I Other 7
(VA)
FIRST MORTGAGE LOAN GUARANTEED
Census )

eassssssssms Bureau



Character accuracy and flex character accuracy for each OCR method

OCR method Character accuracy Flex character accuracy
ABBYY FineReader 0.84 0.98
Adobe Acrobat 0.80 0.84
Tesseract in LayoutParser 0.83 0.87
OmniPage 0.90 0.95
Tesseract in pytesseract 0.95 0.99
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1960 ED Listings

Original Pre-processed OCR Output Project-ready data

- %  i%e 64 1-16 119
. 64 3I2N~-49 127
18th Decennial Census ~ B
" o 1h-14 b+ 64 17-31 126
64 32N-49 127
::::: :-m :e:“n. vaulrber gg . ;:;l;p h ?35 65 1N 60
u 17 126 g; ;N;gp 24 65 1P-14 37 " -
rashingtan s o p - 66 1-7P 59 state | prefix |min_ed|max_ed| reel
i « v " i o ~1%s 66 8-21P 105 AL 64 1 16/ 119
Winston :; :E;.:p :4 402 1-17 129 67 1N'5P 94
S ot e _282 égigzs , igz 67 6-15 5 AL 64 17 31 126
12H-26 128 40 - .
Blminghan City @ L7 120 :g: g-:?o ;g: 401 1A-11 47 AL 64 32N 49 127
0 a 1 . - 401 12N-26 128
- T Crop, align, 1% TR 138 402 1-17 129
402 111-127 135 402 147-164 3 .
g s b ciean i isrise 12 402 18-32 130 E AL 402] 147] 164 137
s ;5:;] m 402 19::2;25 R i:;) 482 33-51 131 Z 4 AL 402 165 181 138
W mEa ! a0z 2367223 122 402 52N-33 132 csv
i g % pred §3g;-§g§ ) i1 402 74-90 133 ALl 402 182 194| 139
402 306-320 146 | 402 291A-
b st b ‘ 40z 306-320 146 402 91-110 134
M e e T A | 102 Bean- o i 402 111-127 135 L
Gudsden Clty s s s 402 359-366 &7 402 128-146 136
= e e 403 1N-9P 41 402 147-164 137
; poied 15.26 150 402 165-181 138
| 405 27N-41 1s1 402 182-194 139
i 405 42A-51P 30
fen: G 402 195-218 140
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Original

451 77 1550-1553
452 1554-1554
453

454 1558-1564
455 1564B-1567
456 1568-1569
457 1570-1574
458 1575-1578
459 1579-1581
460 1582-1585
461 1486-*79-02
462 7 03-17

463 *8 01-04

464 05-09

465 10-13B
466 14-19

467 20-24

468 25-27

469 28-35

470 36-40

471 41-48

472 49-52

473 53-56

474 57-60

475 61-63

476 64-69

477 70-73

478 74-621
479 622-625
480 626-634
481 635-639
482 640-642
483 643-646
484 647-649
485 650-652
486 653-655
487 656-659
458 660-662
189 663-668
490 669-674
491 675-677
492 678-652
493 683-684
494 685-688
495

496 §96-701
497 702-205
498 706-709
499 710-713
500 714-717

003 L B A B 0 e D U s

540
547
548
549
550

MICHIGAN -4

81 718-722
723-731
732-734
735-739
740-743
744-746
747-750
751-753
754-756
757-759
760-763
764-767
768-770
771-773
7738-779
780-811
812-815
816-821
821B-825
825B-838
839-847
848-850
851-858
858B-360
861-854
865-857
868-870
871-874
875-877
878-881
882-*85-05

85  06-07
08-18
19-21
22-26

*87 01-07
08-12
13-20
21-27
28-35
36-42
43-49
50-*89-02

89 03-10
11-16
17-23
24-*91-02

91 03-07
08-11
12-16

cUnited States®

ensus
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551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
501
592
593
594
585
596
597

599
600

95
07

F9

17-23
24-27
28-31
32-35
36-40
41-46
47-50
51-55
56-62
63-69
69B-78
79-86
87-*93-102
103-106
107-110
110B-115
116-119
119B-121
122-125
126-129
130-134
135-137A
137B-140
141-*95-02
03-09
01-04
05-11
12-18
19-21
22-%99-054
05B-12
13-16
17-20
21-26
27-39
40-701
702-705
706-715 .
716-721
722-724 |
725-726

727-730 |
731-734 !
735-738

739-745

746-749

750-753

754-757

758-761

762-765

il -

Crop, columns,

clean

1970 ED Listings

Pre-processed

451
452
453
454
455
456
457
458
458
460
461
462
163
464
465
4606
467
468
469
470
471
472
473
474
475
476
477
478
479
430
481
482
483
4384
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500

77

79
*8l

© 1550-1553

1554-1554
1555-1557
1558-1564
1564B-1567
1568-1569
1570-1574
1575-1578
1579-1581
1582-1585
1486-*79-02
03-17
01-04
05-09
10-13B
14-19
20-24
25-27
28-35
36-~-40
41-48
49-52
53-56
57-60
61-63
64-69
70-73
74-621
622-625
626-634
635-639
640-642
643-646
647-649
650-652
653-655
656-659
660-662
663-668
669-674
675-677
678-682
683-684
685-688
689-695
696-701
702-205
706-709
710-713
714-717

OCR Output

451 77 1550-1553
452 1554-1554
453 1555-1557
454 1558-1564
455 1564B-1567
456 1568-1569
457 1570-1574
458 1575-1578
459 1579-1581
460 1582-1585
461 1486-*79-02
46279 03-17
463*81 @01-04

464 05-09

465 10-13B
466 14-19

Edit,

parse, csv

Project-ready data

state

prefix

77

77

77

81

81

81




Preprocessing: Clean Images

Methods: Binarization - noise reduction > de-skewing - line removal - binder hole removal
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Document Image Analysis: Detect image layout

Methods: Annotating 50 scans with Label Studio, splitting up train-test data, training layout
detection model.

EEE———————— ]
ap STRELT  NaME HOUSL NQs RAN:
o ¢ RANGE SERIAL KaNGE KeDe Trac? BLOCK NAME HOUSE NO. RANGE SERIAL RANGE EaDs TRACT BLOCK
FiRST AS
1 LAST FINST LAST  NO. NUNBEN  NuKbLR FIRST LAST FIRST LAST  NO, NUMBER NUMBER
— N
12041 ARNLTT 37 L 11
s sy 0o ve2; ouy? [TIY 104 1746 W ALBANY ST 200 210 5733 nzoo‘ 1381
txusl ARNETY 3T 8
n 001 (VY3 osy; q0s 104 1746 W ALBANY ST 201 219 5735 112001 316
1204} ARNCTT 37
e ; 134 824 Y1) 069e Y JuY 1746 ALBERMARLE IVE 2 18 8720 1114 109
i1} ARNLTT T seus 11
Lo HURH L1ad osve 4053 a0b 1746 ALBERMARLE AVE 2 18 5720 1114 104
o« ASHRO0D PLACK A
: . 3%00 399a 0%é [T 999 1746 | _ ALBERMARLE AVE 2 20 5721 1114 301
ta04) SHWUOD P
ASHWUOD PLACE 3vol 3999 0% 4082 999 1766 | _  ALBERMARLE AVE ) 7 5720 1114 108
rtosi AURA Count 4100 1% 0%2 4ob
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Text Extraction: Tesseract OCR Engine

Methods: For each column, predict most likely text and transform raw output into
readable data frame.

- — zip street_name hn_first hn_last serial_first serial_last ed tract block
0 1746 ILE 200 218 5735 11200 3n
INAME S
HOUSE NO. RANGE SERIAL RANGE EdDy TRACT BLOCK 1 1744 ALBAMY ST 201 219 5735 112001 316
FIRST LAST FIRST LAST NO. NUMRER NUMBER
2 1746 ALBANY ST 1 53720 | 1114 108
—
1 . MARLE 7VE 3 . 1 .
1746 W ALBANY ST 200 218 5738 11200 a1 3 & ALSERMARLE ZVE 13 Nah 572 1 104
1746 W ALBANY ST 201 219 5738 “200‘ 316 4 1746 ALSERMARLE AVE 13 Hahi 5723 1114 301
1746 ALBERMARLE ZVE 2 18 5720 1114 108 5 1746 _ALBERMARLE AVE | 20 Hahy 5720 1114 108
1746 ALBERMARLE AVE 2 18 5720 1114 104 6 1746 ALBERMARLE AVE 26 NalN 5720 1114 108
1746 _ ALBERMARLE AVE 2 20 5721 1114 301
7 1746 ALSERMARLEAVE | 45 Hahi 5721 1114 210
b746 | _  ALBERMARLE AVE ] 7 5720 1114 108
8 1746 ALSERMARLEAVE | 48 Mah 5720 1114 10
1746 ALBERMARLE AVE 9 27 5720 1114 106
746 | ALBERMARLE AVE 1 3 5721 1114 210 9 1746 ALSERMARLEAVE | 49 Hah 5720 1114 10
L7468 | _  ALBERMARLE AVE 18 218 5720 1114 108 10 1746 ALSERMARLE AVE 50 Nah 53720 | 1114 106
L7486 ALBERMARLE AVE 19 71 5720 1114 101 LaVOUt Pa rser 11 1746 | _ALBERMARLEAVE = 60 Nah 5721 1114 303
L746 | _ _ ALBERMAR Vi
LB LE AVE 20 48 5720 1114 106 Interface 12 1766 ALBERMARLEAVE | 6 Mal 5721 114 205
L746 ALBERMARLE AVE 26 40 5721 1114 303
13 17 ALSERMARLE AVE 71 Nal 5721 1m4 302
L746 _  ALBERMARLE AVE 46 46 5721 1114 208
14 1766 ALSERMARLE AVE 81 Hahi 5721 1114 208
L746 | __ ALBERMARLE AVE 48 48 5721 1114 302 ’
1746 ALBERMARLE AVE 49 53 5721 1114 209 15 1744 ALSERMARLE AVE 161 Mah 5720 1114 7
L7406 ALBERMARLE AVE 50 70 5720 1114 for 16 1746 ALSERMARLE AVE 162 Nah 5721 1114 302
V746 ALBERMARLE AVE 60 64 5721 1114 302 17 17646 ALBERMARLE AVE 34 Mal 5721 1114 303
L7646 _ ALBERMARLE AVE . 66 76 5721 1114 303 - - -
18 1746 ALSERMARLE AVE Mah 3721 1114 304
V746 ALRERMARLE AVE n 79 5721 1114 304
19 1746 ALRERMARLE AVE NaM Hah 5721 1114 107
L7486 | ALBERMARLE AVE 81 93 B721 1114 304
\Thb ALBERMARLE AVE 161 177 5720 1114 107 2y 46 ALBERMARLEAVE | NaN Nah 5720 114 10
\T4b. ALBBRMARLE AVE 162 214 5720 1114 101 21 1746 ALSERMARLE AVE NaM Hahi 3720 1114 208
146 ALBERMARLE AVE 234 258 5721 1114 208 22 1746 ALBERMARLE AVE NaM Nal 5721 1114 214
746 L - ALDERFIELD LANE 1 ? 5727 11220 214 23 1746 | ALBERMARLEAVE | NaN NaN 5727 112201 | 2153
740 ALDERFIELD LANE 2 22 5727 11220 215
U . 24 1746 ALDERFIELDLANE | NaM Hahi 5727 112207 | 218
T11l7es | aLoems1eLD LANE 2 57 5727 n2zof 218
25 | 7408 ALDERFIELDLANE | NaM Mah 5727 112201
).0. 0239 SM3A _B60O
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1970 Block Header Records

Methods: Document Image Analysis, OCR and transform raw output into readable data frame.

zip street_name hn_first hn_last serial_first serial_last ed tract block
NAME HOUSE NDO, RANGE SERIAL RANGE EaDs TRACT BLOCK 0 1748 ILE 200 218 5735 11200 3N
FIRST LAST FIRST LAST ND. NUMRER NUMBER 1 1744 ALBANY 5T 201 219 5735 112001 316
— I —
2 1746 ALBANY ST 1 53720 1114 108
1746 W ALBANY ST 200 2108 5738 1120 3l
3 1746 ALBERMARLE ZVE 13 NaN 5720 1114 104
1746 W ALBANY ST 201 219 5738 112001 L2Y)
140 ALBERMARLE EVE ) 1o 5720 1116 108 4 1746 ALBERMARLEAVE 19 NaN 57231 1114 301
1746 ALBERMARLE AVE 2 18 5720 1114 104 5 1745 _ALBERMARLE AVE 20 NaM 5720 1114 108
1746 | _ ALBERMARLE AVE 2 20 5721 1114 301 6 1746 ALBERMARLEAVE 26 NaN 5720 1114 108
1746 __ ALBERMARLE AVE 3 7 5720 1114 108 7 1746 ALBERMARLE AVE a5 Nak 5721 1114 210
1746 ALBERMARLE AVE 9 27 5720 1114 106
8 1746 ALBERMARLEAVE 48 NaN 5720 1114 10
17461 ALBERMARLE AVE 11 53 5721 1114 210
9 1746 ALBERMARLEAVE 49 NaN 5720 1114 101
L7468 | _  ALBERMARLE AVE s 218 5720 1114 101
24 ALBERMARLE AVE 1o 7 720 1116 101 10 174 ALSERMARLEAVE 50 NaM 53720 1114 106
L746 | _ _ ALBERMARLE AVE 20 48 5720 1114 106 1 1746 _ALBERMARLE AVE 60 NaN 5721 1114 303
L 746 ALBERMARLE AVE 26 40 5721 1114 303 Layout Parser 12 1765 | ALBERMARLEAVE 66 Na s21 | a2
L7464 _ BERMARLE AV
74 ALBERMARLE AVE 48 6 5721 1114 208 I rf 13 1745 ALBERMARLEAVE 71 Na 521 1114 302
L7406 — ALBERMARLE AVE 48 48 5721 1114 302 nte ace
14 176 ALBERMARLEAVE &1 NaN 5721 1114 208
L7401 ALBERMARLE AVE 49 1] 5721 1114 209
15 17 ALBERMARLEAVE 161 NaM 5720 1114 7
L7468 ALBERMARLE AVE 80 70 8720 1114 for : f
1746 ALBERMARLE AVE 60 o4 5721 1114 302 16 1746 ALBERMARLEAVE 182 NaN 5721 1114 302
L7646 _ ALBERMARLE AVE 66 76 5721 1114 303 17 17646 | ALSERMARLEAVE 34 NaN 5721 1114 303
LT46 ALRERMARLE AVE T 79 B721 1114 304 18 1746 ALBERMARLE AVE NaM 3721 1114 304
L7486 | BER a
T4 ALBERMARLE AVE ! 93 8721 1114 304 19 1745 | ALRERMARLEAVE  NaN Nal 5721 | 1114 107
. Thé - ALBERMARLE AVE 161 177 5720 1114 107
20 746 ALBERMARLEAVE  NaN NaM 5720 1114 10
TN ALBBRMARLE AVE 162 2164 B720 1114 101
21| 1746 ALBERMARLEAVE NN NaN 3720 1114 208
L1406 ALBERMARLE AVE 234 258 5721 1114 208 : : ’
746 | _  ALDERFIELD LANE 1 s 5727 11220 214 2 1746 ALSERMARLEAVE  NNal NaN 5721 1114 214
L7406 ALDERFIELD LANE 2 22 5727 11220 218 23 1746 ALBERMARLEAVE  NaN NaM 5727 112201 | 2153
Ur.nh _ALDERFIELD LANE 2 57 5727 11220 218 24 174 ALDERFIELD LANE NN NaN 5727 112207 | 218
.0. 0239 3SM3A B600 25 | 7406 ADERFIELD LANE  NaM NaM 5727 112201
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Census Bureau Record Linkage

All cases linked to a common composite of administrative records

* Linkage with name, date of birth, sex, birthplace, address
e Standard techniques of data cleaning and probabilistic matching

 Matched cases are assigned a “Protected Identification Key” (PIK)

e Names removed before data are made available for research
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Linkage rates for decennial censuses

Records with PIK % of all records with

assigned PIK

2010 Census 283,000,000 91%
2000 Census 249,000,000 89%
1940 Census 54,000,000 41%
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Administrative data coverage: availability and gaps

Easiest to assign PIKs:

* Taxpayers

* Workers

* People on Medicare (most of the 65+ population)
* People receiving housing/medical/food assistance
 Men who ever registered for Selective Service

Harder to assign PIKs:

* Mobile and transient populations
* Residents without SSN

* Children not claimed on tax forms
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Figure 6. Match Ratio of 2010 Census and
Administrative Records Persons by County

Parcents and Number of Countlas
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PIKs in the 1940 Census by Age and Sex

70+ years
65-63years  Men Women
60-64 years
55-59 years
50-54 years
45-49 years
40-44 years
35-39 years
30-34 years
25-29 years
20-24 years
15-19 years
10-14 years

5-9 years

0-4 years

8,000,000 6,000,000 4,000,000 2,000,000 0 2,000,000 4,000,000 6,000,000 8,000,000
1 Matched Men [1Unmatched Men 1 Matched Women 1 Unmatched Women



DCDL Linkage

Techniques being developed with available samples

Using standard Census Bureau linkage techniques
* Making historical composite with 1969-1989 tax files
* Using recovered street addresses from 1970/80/90 censuses
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Preliminary Results

National Survey of College Graduates — 150,000 cases

1990 Census names entered for a sample of college grads
PIK rate: 93%

1990 Census Content Reinterview Survey — 28,000 cases

Names entered in follow-up interviews
PIK rate: 82%
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Upcoming work
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1950 Census '95 UNITED STATES

CENSUS OF
e University of Minnesota partnered POPULAT'ON
with Ancestry.com to obtain full count U-5 DERARTNENT B oI AR f U LS

microdata

* Census Bureau agreement with IPUMS
for use of restricted full count data

e We will link 1950 into Census Bureau
infrastructure

* Funding through NIH-NIA R21
* Expect linkages in 2025
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1960 Census

e 1960 Census microdata is only from
long form

e 1960 Census microfilm at the
Census Bureau from short form —
100% file

e \We will create microdata file for
the full 1960 Census

* Funding from NIH-NIA RO1
* Work will take place 2024-2029
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So many
people have
worked on
this project
or are
working on it
at this
moment.

It could not
be done
without
them.
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Quick Data Access
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Large-scale linked data infrastructure in the modern U.S.

Decennial Jent 20D

censuses 2L
2020

IRS Form

1040

returns

United States®

Census

ossssssssse Bureau



Large-scale linked data infrastructure in the modern U.S.
Available NOW!
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Large-scale linked data infrastructure in the modern U.S.
Coming Soon (hopefully by the end 2026)
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Standard Application Portal

IRS Form 1040 External Commingled File
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Description

Dataset

This dataset contains information from the IRS Form 1040 tax data that has been approved for use by ...

show more

Request access

Begin an application for these data by adding them to your request.

Metadata

Identification and Summary

Scope and Coverage

Detailed Methodology

Data Access

Application-related

Metadata: Identification and Summary

Title @
IRS Form 1040 External Commingled File

Description @
This dataset contains information from the IRS Form 1040 tax data that has been approved for use by external re-

searchers. Taxpaying households report their income data on the Form 1040 Individual Income Tax Return. These
data files were derived from the IRS’s Individual Master File (IMF) from 1969, 1974,1979,1984,1989,and 1994, and
they were processed by the Census Bureau for use by the General Revenue Sharing program and for generating inter-

censal migration estimates. The Census Bureau has also added Protected Identification Keys and Master Address File



Federal Statistical Research Data Centers
(FSRDC)
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Contact information:
Katie Genadek — katie.r.eenadek@census.gov
Trent Alexander — jtalex@umich.edu
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