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ABSTRACT

We construct new monthly city-level and national measures of firm search for work-
ers from 1900 to 1938, drawing on approximately 5 million scanned help-wanted ad-
vertisements from five U.S. newspapers, with breakdowns by gender. We document
four main findings: (1) firm search effort is procyclical, declining sharply at the onset
of recessions; (2) posting costs affect advertising behavior, but the effect is modest,
with an elasticity of —0.09; (3) the U.S. Beveridge curve has been stable for the past
125 years, with matching elasticities of 0.57 pre-WWII and 0.55 post-WWII; and (4)
help-wanted advertisements for women are more responsive than those for men to both
posting costs and the business cycle.
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1 INTRODUCTION

The early twentieth century was a period of significant economic upheaval in the United
States. Several pivotal events reshaped the U.S. economy: two World Wars, the Great
Depression, banking crises, and a pandemic. The period also brought sweeping social and
political changes, including the rise of labor unions, the introduction of unemployment bene-
fits, significant shifts in tariff policy, and immigration reform. However, despite its historical
importance, our understanding of how the labor market behaved during this period is con-
strained by limited data. Existing studies rely mainly on annual or lower-frequency data
series or cover only a subset of the economy, providing little systematic information on
firms’ demand for labor and making it difficult to evaluate the stability of labor-market re-

lationships central to modern search and business-cycle models.

We fill this gap by introducing new monthly, geographically diverse, and gender-disaggregated
measures of firm search activity that opens a new window onto how labor markets functioned
in the first decades of the twentieth century. Specifically, we construct measures of labor
demand from January 1900 to December 1938 using a single source: the classified ads of
contemporary newspapers. Help-wanted ads are a familiar proxy for job openings and labor
demand in the second half of the twentieth century. Beyond extending the available national

series back to 1900, we provide novel breakdowns by location and gender.

The new series yields four central findings. First, firm search effort was highly procycli-
cal, contracting sharply at the onset of recessions. Second, advertising costs shaped firms’
posting decisions, although the estimated elasticity is modest at —0.09. Third, despite pro-
found structural changes in the U.S. economy, the Beveridge curve remained remarkably
stable over the last 125 years, with matching elasticities of 0.57 before World War II and
0.55 afterward. Finally, help-wanted advertisements for women were more responsive both
to posting costs and to cyclical fluctuations. Taken together, these findings suggest that
several empirical relationships central to modern search models are remarkably stable across

different macroeconomic and institutional environments.

To construct the labor demand series, we extract individual advertisements from scanned
images of five newspapers with a broad national coverage for the time: the New York Times,
Chicago Tribune, Atlanta Constitution, Los Angeles Times, and Washington Post.! We pro-

cess and catalog approximately 5 million labor advertisements using a pipeline of image

'The scanned images are accessed through rights from ProQuest.



processing techniques tailored to the dense classified pages of this period.> We first iden-
tify columns and individual advertisements within newspaper pages, then classify sections
such as “Help Wanted” using template matching on classified-page headers. Because job
advertisements remained legally gender-segregated until Title VII of the 1964 Civil Rights
Act and persisted in practice into the early 1970s (Pedriana and Abraham, 2006), we can
additionally classify help-wanted ads separately for men and women. We then use these

counts to construct city-level and national help-wanted indices.

We validate the methodology with an extensive series of checks. First, our automated
counts match closely with about one hundred thousand manual counts conducted at regu-
lar intervals across the five newspapers. The average median error across newspapers is 4
percent. Second, we externally validate our national help-wanted indicator against a mea-
sure available for a sub-period of our time frame: the help-wanted index constructed by
the Metropolitan Life Insurance Company (MetLife), available from 1919 onward. Weight-
ing cities by populations, our national help-wanted index has a correlation of 0.98 with
the MetLife national help-wanted index over the overlapping period. Finally, we digitize
help-wanted registrations from local public employment agencies between 1924 and 1932,

demonstrating that our city-level series track these alternative measures closely.

The paper makes three contributions. First, we construct new monthly measures of firm
search at both the city and national levels, disaggregated by gender from 1900 to 1938.
The national series extends systematic vacancy measurement nearly two decades before the
MetLife index began in 1919, and the city-level and gender breakdowns are entirely new.
Second, we establish that several empirical regularities central to labor market search theory
also hold in pre-WWII data: firm search effort is strongly procyclical, the Beveridge curve
is stable over 125 years, and the matching elasticity is similar across eras (0.57 pre-WWII
versus 0.55 post-WWII). Third, we document the role of posting costs and gender in shaping
vacancy dynamics. The elasticity of help-wanted advertising with respect to posting costs is
—0.09 — statistically significant but economically modest — and help-wanted ads for women
display roughly twice the cyclical sensitivity of those for men, with impulse responses to pro-

ductivity shocks approximately double in magnitude.

At the city level, all five metropolitan areas display common cyclical patterns in help-
wanted advertising, with sharp declines during the Great Depression. Meaningful regional

variation nonetheless emerges: Atlanta rebounded earlier than the other cities, consistent

2The high density of classified ads appears challenging for the pre-trained layout-detection models of Shen
et al. (2021). Instead, we rely heavily on computer vision to identify individual ads.



with milder employment losses in the South (Wallis, 1989). Gender differences are pro-
nounced throughout the sample. Help-wanted ads for women were more volatile than those
for men, rising sharply after World War 1. Although female workers were a smaller share
of the employed population, women were overrepresented among workers reached through
newspaper ads. This finding is consistent with limited access to alternative search channels,
as women were largely excluded from union-based referrals and from direct hiring at the
work site (Kessler-Harris, 1982).

To examine the role of posting costs, we hand-collect advertising rates for three news-
papers in our sample and estimate a panel regression of ad counts on costs. A period
during which the Washington Post made classified ads free provides a natural experiment:
the removal of posting costs led to an immediate and substantial increase in job postings,
concentrated among positions for women. Combined with the greater cyclical sensitivity of
female help-wanted ads, this suggests that the cost margin was particularly important for

employers seeking female workers.

Our work contributes to several strands of the literature. First, it speaks to studies that
use data to examine economic activity, and labor markets in particular, in the early twentieth
century. A number of papers construct measures of employment and hours worked at lower
frequencies (e.g., Ramey and Francis, 2009, Wallis, 1989), while others examine the effects
of technological change on labor market outcomes (Alexopoulos and Cohen, 2016, Goldin
and Katz, 1998). Goldin (1990) documents important shifts in employment patterns and
wage structures for women over this period. More closely related to our paper, Lee (2016)
uses data from public employment offices between 1924 and 1932 to estimate a matching
function, while DeVaro and Gurtler (2018) study long-run variation in help-wanted advertis-
ing using manual newspaper counts. We instead automate the extraction of advertisements
from historical newspapers to construct systematic high-frequency measures of help-wanted

advertising for the first four decades of the twentieth century.

Our findings also speak to the modern business-cycle literature on labor market search.
Merz (1995) and Shimer (2005) document the cyclical properties of vacancies and labor mar-
ket tightness in post-war U.S. data, establishing the stylized facts that search models aim
to match. Fujita and Ramey (2009) study the dynamic response of job vacancies to pro-
ductivity shocks using structural VARs. We extend these analyzes to the pre-WWII period
and show that the cyclical moments and impulse response patterns are qualitatively similar,
despite substantially higher volatility before WWII. Our estimation of a matching function

complements the survey by Petrongolo and Pissarides (2001): we find a matching elasticity



in the pre-war period that is comparable to the post-war estimates.

The rest of this paper is organized as follows. Section 2 provides an overview of labor
postings in classified ads, as well as our methodology and strategy for developing indices
based on these ads. Section 3 focuses on the city-level indices, while section 4 presents the

aggregate help-wanted index at the national level. Section 5 concludes.

2 BACKGROUND AND DATA CONSTRUCTION

In the early twentieth century, firms used a variety of methods to connect with job seekers
in the labor market: informal networks, direct application, newspaper ads, and employment
agencies (see Fishback, 1998; Simon, 2001). Direct evidence on the hiring process during this
period is limited, with most studies relying on small surveys of firms in specific industries
(e.g., Schweinitz, 1932; Fishback, 1992; Rosenbloom, 1994).% Classified advertisements were
used consistently by firms, and analyzing them offers valuable insights into the functioning
of the labor market. A particular advantage of newspaper advertisements was their wide
circulation and readership, which made them an effective outlet for advertising positions to

a broad regional market.*

We use digitized records of widely-circulated newspapers in major metropolises to build
a monthly database of advertisements by employers. The number of newspapers in our
analysis is constrained primarily by access: after 1923, U.S. newspapers became subject to
copyright laws that restricted public access (Heald, 2014). We focus on five newspapers with
wide circulation in their respective cities, accessed under direct rights from ProQuest for the
period from January 1, 1900 through December 31, 1938: (i) the New York Times; (ii) the
Chicago Tribune; (iii) the Los Angeles Times; (iv) the Atlanta Constitution; and (v) the
Washington Post. According to the 1930 Census, the populations of these five metropolitan
areas together accounted for more than 33 percent of all U.S. city populations and roughly 10
percent of the total U.S. population. The following subsections describe classified ads during
this period, our methodology for extracting labor ads, and our checks on the accuracy of the

resulting counts.

3These studies suggest that informal networks and direct applications were the preferred job search
methods in mining and manufacturing, but considerably less is known about search practices in other sectors.
Classified advertisements provide a valuable complementary perspective on search across a broad range of
sectors. Simon (2001) notes that classified ads were a significant part of the search process for clerical
workers.

4Education had increased markedly by the early twentieth century: the illiteracy rate was only 4 percent
by 1930, and overall enrollment among 5- to 19-year-olds rose from 51 percent in 1900 to 75 percent in 1940
(Snyder, 1993). Employment agencies also frequently posted in the classifieds, so newspaper ads partially
encompass other search methods.



Figure 1: Help Wanted Ads: Example from the New York Times, January 19, 1930.

Help VTanted—Female.

BOOKKEEPER, experienced; Yorkville sec-
tion. R 387 ‘fimes.

CHEMIST, college training in standard
methods of water analysis. G. R. Spalding,

Hackensaek Water Co..- Oradell, N. J.

CONTROLLER, for first-class hotel; must be
absolutely thorough and hard worker; give

refevences and full particulars in first letter.

X 2008 Times Annex.

DENTAI, ASSISTANT-SECRETARY, refined,
cultured, willing young lady. Apply in per-

son Monday, 9-11 A. M., Dr. Alan Mishkin,

240 West 98th.

DENTAIL ASSISTANT: write details, knowl-
edge of dental experience; $18 to start.

Write Box A. B., 19 Greenwich Av.

JANITRESS.- man and wife; experienced
steam, hot water; salary and rooms. Apply
at once, Heckman, 136 West 96th.

2.1 CLASSIFIED ADVERTISEMENTS

In the first half of the twentieth century, employer advertisements in the classified section
of newspapers were organized by gender into distinct sections for men and women. Ads
sometimes listed information on offered compensation as well as education and/or experi-
ence requirements. They could include other characteristics requested by employers, such as

race, ethnicity, or marital status.

As an example, Figure 1 shows a sample of ads seeking female workers in the New York
Times on January 19, 1930. The advertisements include higher-paid jobs with substantial
qualification requirements, such as a college-trained chemist, alongside lower-paid jobs with

little required expertise, such as a janitor.”

The posting of advertisements required a monetary cost that varied over time and across
cities, with rates regularly printed in the Sunday edition of some newspapers. We hand-
collect the posting costs for the New York Times, the Los Angeles Times, and Washington
Post.5 Figure 2 reports the nominal cost of help-wanted ads placed in the Sunday paper in

solid lines and the real cost adjusted by the Consumer Price Index in dashed lines.

Although nominal costs rarely changed before 1915, posting costs were adjusted fre-

quently between 1915 and 1938, and the frequency and magnitude of changes varied across

SAppendix B discusses the distribution of jobs listed relative to the 1930 U.S. Census. In general,
help-wanted advertisements were dominated by trade occupations and excluded manufacturing and mining
industries.

6 Appendix C provides additional details. Information on posting costs were not printed in the Chicago
Tribune and Atlanta Constitution.



Figure 2: Costs for posting help-wanted ads: New York Times, Los Angeles Times, and
Washington Post.

(a) New York Times
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Notes: Costs are for posting help-wanted ads one time in the Sunday paper. Solid lines
are nominal costs; dashed lines are real costs adjusted by the Consumer Price Index.
Shaded bar correspond to NBER dated recessions.

cities. The New York Times and the Los Angeles Times made more frequent changes at an

incremental pace, while the Washington Post made fewer changes but with larger magni-



tude. The Los Angeles Times, for example, changed its help-wanted rate 14 times between
1918 and 1933, by an average of less than 3 cents, while the Washington Post changed its
rate only 5 times, by an average of 10 cents. The Washington Post also made labor ads
free between November 1905 and July 1916. The changes appear unrelated to business-cycle

conditions.”

Real costs were relatively stable until 1926, as nominal rate changes broadly
tracked the Consumer Price Index. After 1926, the increase in real costs was particularly

pronounced during the Great Depression, as the economy entered deflation.

2.2 EXTRACTING LABOR ADVERTISEMENTS

Identifying labor advertisements at scale requires a novel approach, as our raw data are

image files of newspaper pages. The procedure is outlined in the following subsections.

2.2.1 SPLITTING ADsS Previous studies often apply textual analysis to text files produced
from image scans by Optical Character Recognition (OCR). For instance, Atalay et al. (2020)
used regular textual patterns, such as a help-wanted ad beginning with a word in upper-case
letters, to discern boundaries between labor ads for the period 1950-2000. During our pe-
riod of interest, classified ads were arranged in columns of densely-packed listings.® Although
OCR technology has advanced significantly and now performs well on cleaner text, state-
of-the-art OCR still fails to identify most break points between ads when applied directly
to an entire newspaper page with many columns, or even to a single column with many
ads. Properly separating labor ads is crucial for constructing accurate labor demand indices:

failure to do so can produce large error rates.

To overcome these challenges, we rely on digital image processing to identify ad bound-
aries directly from images of the classified pages. A common formatting style for classified
sections used black vertical bars to separate the page’s columns and black horizontal lines
to separate individual ads. We exploit this structure to identify and divide columns and
ads, as illustrated in panels (a) and (b) of Figure 3, in three steps. First, we straighten and

rotate any images that are misaligned from the scanning process. Second, we split newspaper

"Kirchhoff (2011) reports that total newspaper advertising revenue fell by 45 percent between 1929 and
1933. Our data indicate that for classified advertisements specifically, this decline was driven primarily by a
reduction in the number of postings rather than by changes in advertising rates (see Section 3). In Section
3.3, we exploit changes in posting costs across cities and over time to estimate their impact on firm search
effort.

8ProQuest provides text files derived from scanned images of newspaper pages, but the text quality for
the classified ads in our sample period is too poor for textual analysis. ProQuest also outputs a single raw
text file for all classified ads on a given page, making it nearly impossible to identify individual ads even
when the file quality is adequate.



Figure 3: Extracting individual classified ads: example from the Los Angeles Times.

(a) Column Splits (b) Ad Splits

N 5 NTED—SITUATIONS—
W ity - Female
“hey M"":"' Miscellancons
st ’:p_‘: 1 . o s e, negee; PARTR—Laty, fully experlenced en. co
ol | S AL 15: i ekl ‘\ .!‘.-s--wm.q £ Do 7ArE BT & ke wllsand b ot
55 R i e o k| ey, e
mﬁm m W sinid 30T, TN

e, o e, domy m;;,‘, o, IR el

i tors a7 Oifos
e SRR i

a3t

w
.<,.Kn'x'@m"" 3 ;-u;@,ﬂ_ ] Vaatas ‘momlag work!
el b [

FERIRRERD Jn T f Store and omu

gy AR o, .mta" ni!:r‘_ o T ..,MWF.W‘ b PR R e REFINED, ffclent & v
R o mmw“.m.,, i covimyilie R g m.,yx...n ‘"?;f;}w o v Widher Do B :»
B R ) e P S i S diton “ViAbliched. office And. &
R G| PR %..W' e : 1 et 3125 var L
i e WS Bl S it WY Ty oy
R A | B R i Bl B s “z" Hhninas o DIETICIANS, TOTEY,
"'_—'_‘_ o g 3. B R e X W AQEN B ﬂ\n!

— 443 BRADBURY BLDU.

BOOKKERFEI-( -OFFICE MOR. desires posi-
tien arge’ rawpenibiit W
, or -

nore i et Sl N
iuite) grie ol Al e R R e e o
i m Honas Gerr, Garcaiers “%“WT‘*@ BT S

Him| LNRR, LR, AR GRTGR | Mones Seriaria carewbens |, oo o)
B LELEE 5 m-n""-mu’u‘-’ix A “:.:.“_ i ol "B B TOUNG 1
“H fied T Leara Teas AN S R N b ikl i g
e = g %.”‘";. b T e ek 5 Shie
i T b ot i1 ek VB8, PG i, e s

e e
EAARLTATL i ,.1 D et 2T o B

[ L b R £ T, g, adresnes
mﬁrﬁu—,h o et s YL S T ,_,'"f.,x..'* ,..i*z‘z. W
u —‘——'T”‘“ VI, 3 B i, (ORRERPER-mpm. (4] cLugn o sl |
AN 157 S T e | lecas 1o Tt it B o
e e
“:.::l:: IR e i

NCH!
YouNa ndy. Fuuuie of sarie il

collan, il e
Tor L. A" experience.

e =y
wﬂ“q.‘.‘!"' b e

B T I “""""""“""‘"”"'lmwnm—s R
R iﬂ% @”"mm e s

PR e e g
lli:mmﬂd 1240, - P
y blw “steno. desires pos, full

P 'ﬂ““’n“'

TR & S
i MCy LI e
o % mgﬂ_‘g ‘% ke et S 2 el T ED_steno o

o PR
';w

i L | B
e - T B
e e U e L e h e . spen
L g‘ffa;'ﬁ;ﬂ,,f—,? b e L B R e 17 o it ag | St & e o Nome v
e il T T (aiie grrosmions— s aeiol B U (ol B £ Rl
£ fae = ‘u';: . . . e s it RCTNC o
] i ? R e P X . s
# L el T I D .2 ey LRGN Sy Fovsa dieh- asml il dosies W67, i
-*@,r:‘-«is e S i o mﬂ | ERAORT Shmes et
s e e e o e L w-'v"mmzén A ag iR nn'oxnlsu;m e o <
it T, T [ s T o R S| T G ot e Local_referonces.
T S  Ecnes o) FEiss ;.,agf;_fnmsw.m copt omactecy, exoiie il
"",.‘.'uuh e “"TF{.’:;"F'..‘ e o S— T SR poa lege_educstion. {pm refs. BEacon ‘783,
T ke il o T T et ﬁ*m, i, U e ™ % it Gesis, B, %' T BEGINNER steno, wanta nnuunm Call us,
Eﬁnﬁiﬁw%"ﬁ“v ) ST i ‘V“:a o -u-;] e crr A 4990,

e

sl e e b ""r.,: S 6 s experience.” Kicel
Bt T iaty Ak BT ‘m—'—w—&—w_‘"’mg e P Plone AX. THOT. me.
e Sy RS I ) =a\,ru4j““\ .am.‘um 'f‘lﬂ o T B S i) g sTgxe- ayplst, AL yferences. Those VA
T A T e e e P AT ¢ by ‘@"‘ R ot R ok ol by AT o 7k
rwm———-\”mf.‘h: e | foin i SO T -"-E,-;u‘,z-'j-g- —-'_'E& Rl T
ey e e —*«—ﬁ < il Fatating, Decorting and | ez adedl s S CAPABLY, stenography stadent %3] wiltl
btk i Sarpentarlng uoTEs MortrLy offics % days to_eamn_tnition, ﬂd 2030,
i ......m.m“l., A R g J ; e .
Bsra s T an e i TR P el P erencer Molorate &
e LB g £ e B references. Moderste sal
o -".,m T Sl A e S g A S, FHEIR  [FOumio s dicaphone o s s
coNtRiCTORY YoTE. "iire. $0 o s B i, s S Ty e ST A 3
w o o L periero
R S SR T s M o P M
,. ek, ] e o L b e —— " § English, Spanish, hest rely 3
SR T 5 i T T SRR RN s el g & o e 3
R i oy i e M.WA.KH;’& ol ‘25 " 2%!“ W,h—"ﬂw: \.'"-":.f’d;. anon B isCumebob Srive, &
e, o o e : e 2

L
f| i i i SR W SR A
m—m‘w: Bicre o Bt Tl fie dChe,
e T, i, oeantank, wurls gl
Tadi e skt

T | b S
AT i
i e il

'CLERICAL, & Jight -(momvhx can - oper-:
switchboard, $20.
TION a1 diciasnene o) - isions o
tor, ofs. DR ©

SEmawyay

ki
g i ety Y e T et
m;"“:?,—-’l e iy L‘riﬁ’é‘r&;mmm LT : m;;;-.:::-.-::m-n nmﬁn‘l’:’:‘ni'h e

Pl LS, 2 R B S s, mari, o TR C g
‘h VGGG T i o w7

Fant cleneat

" |."m-1.".“<uu ]

JAvTE s ToN—
A

S i RIND, emelent nuri, =itk
ber’ home. Ref. AE,
g = = q EET, nune nnu “vork b, Tk dags ar|
R it X . , Retee
I

. fagient 1o

] g a7 .‘wﬂ

U | RS 3 q G
ey e T = e e e | 2 O e R i T 2 T Helermone. THINES 8317, Racrr 418
TV s i T o g & i, ¥, - WIL, taks an7 oo, 7 or count, rea
w i L R oM
& geal.
Ty = i bt e .
e m'f" T s Buns,
T e B i S ﬁmﬁﬁm L e o ST
‘.——— Salenmen and 6ol snllzlnn b - i el - 80 bt i NURBSE, ln:ﬁ l&- 'lllln oane
s o e S covtier LR o o S g, o S, i oo+ | N S et S vt ese work, 1
BRI AR TR ma ey S ..‘.‘ 1 s i iy 4,” ;a 5 o [T e - e
T Tl S B + L O e g 7 B o3 N non T, 02501 Ti04 '8 OB
Bl S St ‘._"77‘_‘}5“‘_# kil - i ki 15, inEe e W ﬂ""" PRACTICAL nope will care for sick
| Bad Sl 2 T e s | AcT
s Y e Tosm - - AT
kg : pEsh {
ar| e et -»ﬂ r- L “caet et ity \M( iy, tem (TR oo CARE of cnﬂdm, dl! or eve., by refned
GRS i.?"m et o T T R E‘dwn o] wmm@.ﬂpnﬂ:}g e e i i) 2 ,{-ﬂ niese, ref. ™, mul
ﬁ’z e B B e e, o Do el Gl T e By “‘""1 b
R R 5 e : AR i T ity ol it o il e 'u" un; 2ol
1 B P A SR W o g | B g TR T S e g i NURSE, any case. ) MARU
i - R B kBl e o T B B ¢ . "!“1: u""?"nr&j%}i%%ﬁ‘m 4 sland and_nertous trouble. 31811,
i B | R e, e T W S 7 PRACTICAL NUISH WISHES CARE OF IN-
s B S | "B TR R o Tl T e B m VALID, AX. W04,
W v B B g mw'r ’;.. = mﬂ o G e | .4 el il EXT, xn(,uu e, anvhece. A-T vef. Pt |
WL—ng-Tm_}—; U | ! st 3 13 3 S A Bl ':,‘ f izt MB. oom ‘048, 1
O e T i i

; k N FURSE. exs. mind and ehronle phignta)
g vl Tt e SR 3 rE Dreteired. "nﬁ‘mp "o, 22 o

S T Wmm: - : :

Rt "l .-:- oty i el 21 =y - - AL =4 Honsekeepers. Domestle, Conkl

= et s e e IR E ﬁiﬂw‘ﬁ;ﬁm Ry ok .

A oy i B el b R e A T T e "-.'." i hange T et i

o AR X aqy fr g T SRR WWW _«JL._,___M B T oy hoze onlnnd g F S

S R e L T i Bk i AT ey i i T SR R S OFFIC
Hark o G S W it ;ﬂll [ eyl IRt e L R Pwes¥i_Shin, Serape i I i R mm w oraicn %
e i Mo o St #T’b"_"":(.—‘ﬁ“_ i s A R _Vism_’a'f“?""' oL B O o hsamesy Tanomictl a8 <00k

o * !nmukng-r for, sldely_eouple.” Ad ren

e T 3, m» . TIMES
mmh. R, S o e B SRR o, e : ARG G WL_JM mvm TRy
it el Jong | Fina 28 Spwrimenia ] " o unk g&'m"" of £

A
atioereey T

= e, o Soutt and Bouiiassr e o o Do,
o TR ;“1‘« BT WE.JM' #-,L%wﬁ%‘-ﬁm e e b i L 4 :| B ;63?" A TIMES
e e ] . e e X = 4 3
bk ’—.; ok -‘M'W.Ffmmg.w e A el r e @5’; e A o [CATAVLS and shlent momag, dere, b
! ' iy B R T i e e ;@’”"—A_m" M o & T :IVT““"':"W‘T":.M d bauea, city «'ﬁhmu""m'(%m i
LR et R By S i Eﬁ @Eﬁ* et Fiep = ’m“ S e T Eaay B
i " it e vy g W H“Wm_azﬁm, @—mm*w"‘"‘"" e ‘}F‘ e ‘ﬁ_‘mﬁ'ﬁ“ e et 11| i s | "."HT' ‘.';.’.’f"“““un SR
T T e ki KE: S n! ol o il umnm, [‘l.nlum ate, Bwedisk Aweri:|
Ghk "”‘:‘ T e R farni, asm ) A reh b ! o, ;
? ";‘7 “Wﬁ-‘r_ﬂ"m B e { BT [Ca 2R ELTEEE o i e | e %.EF‘%ZE’«’“ e 2 08, vl
o i o A e ot Wi ap. {0 o {
tu-»m,. -!.'r"ﬂu -.wpnmm mwa'i"m;“w AWW 1 N L ~FogH— e e |G L nm m.s"'rnrmm o N Ai
T T s s TN ] i it g v o oo LTS ‘
MMF—WW “amrw Gl SR, et S e o, i, e 07 s i3
b i Bk ] : Tl o .
ot B o I =0 -A:«“u,;a n = - .m Iyx 'n .. \
! 18 L LN e et B oy e ”.én&nn-m | o i g & Y 2 Al m,
e SR e ! mﬁzﬂ' T [ e by 18 it g, 20 ¥
e B ; e o g T oA VT B it tesions pose i
2 S b i I : ome
i “”"","F‘.;;. i Sy i ) “?';;n""‘-ﬂ“t:.;ié el S [ l::_'mm bu;‘.'-'m of ol ¢ muf r.
¥ bo i [ o TRy e s, T it il o L
o] ..n:“'“"",,’m L L i i Mﬁjg:_;g;‘ N A | 1 IPDLEAGED worman, -m-mbw. ik
=ﬂf;W' L el B M T et £, L e e AP i e gumking
TR

nced_hous
T |l| (3 mlll hotel.
1 Hu ot m o : ru | (] |

3 or | o OUSEREETER tako (ol hi e ok,

e ki ) s = . i famls, -a.ﬁu m‘u?

"ﬁﬁ"‘_-_'__h T ""H’ R A R " e o tnamir, wm a5 e AL,
) et _r" T n“m i 7% T wg.,.’}_-. ane T T i AN, uv-rh umwm:mu 3P

Sl fo

Ll k : 5 g T o0
W.sm»-umw— & 3 A A - L bel nnva
3 WA 1 ) L : _ i,

- 4 N
" :‘:":,:'.'.mm.r

i, W‘;_m_-‘.. T A



pages into columns by identifying concentrations of black pixels in narrow vertical bands and
grouping them into clusters based on their horizontal coordinates. Third, we split columns
into individual ads, the most challenging step because of the density of text. We invert
the image colors and remove text from each column to simplify the search for dividers, then
compute the mean of each row of pixels: a row corresponding to a (now inverted) divider line
should lie close to a white pixel value. Based on the distribution of pixel values within each
column, we compute a prominence threshold and use it to identify ad dividers. Appendix

D.1 provides further details for each of these steps.

2.2.2 IDENTIFYING HELP-WANTED ADs While the image-processing procedure allows
us to identify every ad in the classifieds section, it does not tell us the type of ad, that is,
whether the ad is a labor ad posted by an employer or, say, a person advertising a room
for rent. To classify ads, we identify section headers using an image-matching procedure.
As detailed below, we create image templates that match the section headers used by a

particular newspaper at a particular point in time.

The template-matching approach proceeds in three steps. First, we manually identify
the headers used for labor demand (help-wanted) ads and for the sections that immediately
follow them. Second, we create image templates that match the typesetting of these headers
as they appear in the underlying section header images. Third, we use template-matching
scores to identify the beginning and end of each relevant classified section and sort individual

ads into their respective categories.

Section headers varied in wording and font style across newspapers and over time, even
though they typically appear in offset lettering and a larger font than the words in an indi-
vidual ad. As an example, Figure 4 illustrates some changes to section headers in the Los
Angeles Times between 1925 and 1938. The frequency of header changes varies considerably
across newspapers. For instance, the Chicago Tribune changed its section headers only twice
over the data sample period, while the New York Times made 20 such changes. Appendix
D.2 provides an extensive catalog. In total, we create 947 distinct header templates across

newspapers over our entire time frame.

Section headers are identified by matching ad images to templates designed to mirror the
typesetting of headers in the underlying scans. The matching procedure proceeds as follows:
(i) create a template for each identified section header; (ii) compute a match score between
each candidate ad image and each template; (iii) compare the score against a threshold to

determine whether the image is a section header and, if so, of what type. The match score



Figure 4: Changing Section Headers: examples from the Los Angeles Times between 1925
and 1938.

(a) 1925 (b) 1931 (c) 1938
‘TA..\'IED—HEW*' : | I MPLOXMENT 103 EMPLOTMENT OFFERED 103
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Figure 5: Steps to the Template Matching Procedure: example for identifying “Employment
offered” section in the Los Angeles Times.

(a) Ad Images (b) Templates (¢) Max Match Locations
MPLOYMENT OFFERED .
E e Womies | EMPLOYMENT [EMPLOYMENTIOFFERED
OFFERED ‘Emmmgﬂrwgﬁzm

Notes: Templates in (b) are slid across ad images (a) search for the highest correspondence of pixels (c).

lies between 0 and 1, with 1 indicating that the template exactly matches the pattern of
pixels in the underlying image. Headers are then classified as either labor demand or other
categories based on preset thresholds. We count every ad immediately following an identified
header as belonging to that category, up to the next identified header or the end of the page.
Appendix D.2 provides further details.

Figure 5 illustrates the three steps of template matching for the “Employment Offered”
header in the Los Angeles Times in the 1930s. We first identify the header in question (top
left panel) and create two templates, “Employment” and “Offered,” that mirror its typeset-
ting, size, and font (middle panel). A 2-dimensional convolution then locates the best match
of each template within the candidate ad image. The red bounding boxes in the right panel
mark the windows with the highest correlation between template and image pixels. The
resulting match scores for “Employment” and “Offered” (0.66 and 0.68, respectively) clear
the preset threshold of 0.55, and the header is classified as a labor demand header. Because
the accuracy of template matching depends on the chosen thresholds, we tune them through

an iterative process, described in Appendix D.2.

Although the three-step procedure works well for most newspaper pages, multicolumn
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headers in the New York Times require modifications to the approach (see Figure D4). We
use an object-detection model, a computer-vision technique that recognizes and localizes
objects of interest, to detect and locate these multicolumn headers. We first build a training
sample by manually classifying objects on a large number of newspaper pages into three
types: (1) help-wanted multicolumn headers, (2) other multicolumn headers, and (3) any-
thing else. We then train the object-detection model on this sample, apply the trained model
to each newspaper page, and record the location of every detected bounding box together
with its predicted class probability. Each header is classified by comparing its predicted
probability to preset thresholds; details are given in Appendix D.3.

To convey the scale of the image-processing effort, consider the Chicago Tribune. We
begin with over 40 thousand image files of newspaper pages, about 10 thousand of which
contain labor ads. These files are split into almost 4 million individual ads, of which 3 million
are identified as labor ads. Appendix D.4 provides analogous figures for all five newspapers.

The next subsection discusses the accuracy of our identification procedure.
2.3 ACCURACY

We test the accuracy of our labor-ad identification with extensive manual counts. For each
year between 1900 and 1938, we manually counted help-wanted ads on the second Sunday in
May for all five newspapers, yielding more than 100 thousand individual help-wanted ads.
We use the same Sunday across years for consistency. As a robustness check, we also ran-
domly select two newspaper pages per month across newspapers and count those manually
(see Appendix D.5). Figure 6 compares the number of ads counted by our algorithm with
the manual counts.” The method works well overall: the observations cluster tightly around

the 45-degree line, indicating close agreement between manual counts and template matching.

We further evaluate the performance of our template matching method by providing

comparison summary statistics. Specifically, we define a measure of error on a particular

day as:
|C:emplate o Cmanual|
¢
Et Ctmanual ) (1)
where O™l is the manual count and C/"”'*® is the template matching count.

9 Appendix D.5 provides further details on the manual checks. As a further alternative, we identified ads
using a Convolutional Neural Network (CNN). This method is more time- and labor-intensive but produces
results comparable to template matching; see Appendix D.6.
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Table 1: Accuracy of Template Matching Approach: Comparison with Manual Counts

Error rate
Number of ads 1st Tertile = Median 3rd Tertile
New York Times 23,486 0.01 0.04 0.06
Chicago Tribune 47,723 0.02 0.03 0.06
Los Angeles Times 20,478 0.03 0.06 0.18
Atlanta Constitution 4,634 0.03 0.04 0.11
Washington Post 5,114 0.01 0.02 0.05

Notes. Errors between machine and manual counts computed according to equation (1). Manual counts
collected on the second Sunday in May between 1900 and 1938.

Errors are generally small across newspapers and over time, despite the frequent changes
in header wording and typesetting. Table 1 summarizes the distribution of errors by news-
paper, reporting the median share along with the first and third tertiles. Identification is
most accurate for the Chicago Tribune, with a median misclassification share of 3 percent.
It is least accurate for the Los Angeles Times, which has relatively poor print quality, but

accuracy remains high there as well, with a median error of 6 percent.
2.4 EXTRACTING GENDER BASED HELP-WANTED ADS

Labor demand ads were grouped by gender in the early twentieth century, as shown in Fig-
ures 1 and 3. We exploit this distinctive feature to separate our measures by gender. The
pattern of gendered job advertising has been well documented in historical labor-market
studies (e.g., Goldin (1990)) and provides a useful opportunity to compare the male and

female labor markets in the first half of the twentieth century.'®

To extract gender information from headers, we combine the template-matching proce-
dure of Section 2.2.2 with OCR. This hybrid approach is motivated by a practical consider-
ation: template matching alone struggles with the small fonts often used to denote gender
within section headers, and the dividers between headers and ads are frequently faint, caus-
ing the first ad to bleed into the header image. We therefore proceed in two steps. We first
run OCR once per classified page using Google Cloud Vision, which provides the best results

for our application of the tools we tested.!! The OCR output returns bounding boxes for

0The mix of advertised occupations also differs by gender. Goldin (1990), p. 68, notes that the largest
categories of female employment over the period were domestic servants, manufacturing operatives, and farm
laborers, followed by professional and clerical workers.

We tested Amazon Textract, Google Cloud Vision, and the open-source Tesseract. Correia and Luck
(2023) reach a similar conclusion regarding Google Cloud Vision. In addition, we apply OCR to each
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Figure 6: Accuracy of help-wanted ad counts
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(a) New York Times

8 .
26
e *
3)
s
= 44
2 :
2 4 6 8
Manual
(¢) Los Angeles Times
7.5
7 °
265 Joget °
g 6 .
s ..
5.5 ®
°
5 ‘ ‘ ‘ ‘
5 5.5 6 6.5 7
Manual
(e) Washington Post
6 .
27
S o
s
E 41 ° )
3 :
3 4 5 6

Manual

8.5 1
8 4
o
g 7.5
=
g
=
6.5 1
6 ‘ ‘ ‘ ‘ ‘
6 6.5 7 7.5 8 8.5
Manual
(d) Atlanta Constitution
5.5 1
5 4
L
g °
S 45 °
®
=
4 )
° °
® [
3.5 ‘ ‘ ‘ !
3.5 4 4.5 5 5.5
Manual

Note: The plots are in log-log scale. Manual counts collected on the second Sunday in May. See the Appendix

for details.

13



every letter and word on the page. We then assign each OCR-detected word to a specific
ad using the ad bounding boxes recorded during the column- and ad-splitting step (Section
2.2). For each header identified by template matching, we reclassify it as for men or for
women based on whether gender-specific words (e.g., male, men, female, women) appear in
the OCR text within the header’s bounding box. Appendix D.7 provides further details.

3 HELP-WANTED TIME SERIES: CIiTY LEVEL MEASURES

In this section, we present city-level measures of help-wanted advertising. We first report
total ad counts, constructed as monthly averages of Sunday editions, and then provide break-
downs by gender. In addition, we leverage variation in posting costs across cities and over

time to estimate their effect on firm advertising behavior.
3.1 City-LEVEL COUNTS

We construct monthly series of help-wanted ads for each city by averaging the Sunday counts
within a month. We focus on Sundays as they carried substantially more classified postings
than other days of the week. Bezanson (1929) notes that in the early twentieth century,
help-wanted advertisements displayed notable seasonal patterns in certain occupations, for
instance, demand for domestic workers spiked in the summer months. We observe seasonal
patterns throughout our sample. To account for these, we seasonally adjust each city-level
measure and take a 3-month moving average of the resulting series.'? The measures for each
city are shown in Figure 7, with NBER recession dates shaded in grey. For the New York
Times, we report ad counts prior to January 1919 with a dashed line to reflect the paper’s

low circulation in those earlier years.!?

Several newspaper-specific patterns stand out for New York, Los Angeles, and Washing-
ton. As noted, the New York Times had comparatively low circulation in the city before
1919 and hence captured a low volume of help-wanted advertising. The Los Angeles Times
shows a moderate upward trend during the first seven years of the sample, likely reflecting
the rapid growth of the city’s population. The Washington Post exhibits a large spike in
late 1905 driven by the paper’s decision to make labor advertisements free starting that

November, with the goal of boosting circulation.

newspaper page rather than each ad, as providers price by file rather than by file size and our newspapers
contain hundreds of classified ads per day.

12 Appendix E compares our monthly counts with and without seasonal adjustment.

13Tn 1900, the New York Times had a circulation of around 40 thousand, far below the city’s leading papers,
which were close to 180 thousand. Circulation rose sharply between 1912 and 1916, from 175 thousand to
320 thousand, narrowing the gap with the leading newspapers in the city.
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Figure 7: City-Level Help-Wanted ads, Jan. 1900 to Dec. 1938
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Note: Seasonally adjusted monthly averages. NBER recession dates in grey. New York Times: the ad counts

are reported from 1919 onward due to low circulation in prior years. Washington Post: posting ads was free
between November 1905 and July 1916, as highlighted by the vertical dotted lines.
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Table 2: Pairwise Correlations of Help-Wanted Ads with the Chicago Tribune

Levels Per Capita (1927=100)
Full Post- Full Post-
WWI WWI
New York Times 0.40 0.92 0.95 0.95
Los Angeles Times 0.79 0.91 0.83 0.92
Atlanta Constitution 0.72 0.89 0.72 0.91
Washington Post 0.46 0.87 0.53 0.89

Notes. Pairwise correlations of seasonally adjusted 3-month moving averages with the Chicago Tribune.
“Levels” uses seasonally adjusted 3-month moving averages. “Per Capita” divides counts by city
population (linearly interpolated between decennial censuses) and indexes to the 1927 annual

average = 100. “Full” uses all available months for each city pair; “Post-WWI” restricts to January 1919
onward. For the New York Times we beging the adjusted series in January 1919.

Abstracting from idiosyncratic city-level movements, help-wanted counts display similar
cyclical patterns across cities between 1900 and 1938: firm advertising activity was highly
correlated across cities over the first decades of the twentieth century. The first two columns
of Table 2 report pairwise correlations with the Chicago Tribune, which we use as the refer-
ence city because of the consistent quality of its help-wanted data over the full sample. The
last two columns report the same correlations after adjusting for city populations, based on
interpolating population estimates in decadal censuses, and rescaling each city measure to
100 in 1927. In each case, we report the moments first for the full sample and then for the
post-World War I (WWI) subsample.

The data also share a common set of major trends. Beginning in mid-1918, the number
of help-wanted ads rose very rapidly in every city, peaking around 1920. This surge reflected
a significant labor shortage tied to the conscription of young men into military service dur-
ing World War I, together with business disruptions from non-pharmaceutical interventions
adopted during the 1918 flu (Correia et al., 2022). The boom came to an end during the
recession of 1920—21, when the number of help-wanted ads declined sharply across all cities.
After the recession, the series stabilized in New York City, Chicago, and Los Angeles, while
a downward trend persisted past 1920 in the two smaller cities, Atlanta and Washington, D.C.

All cities experienced a sharp decline in help-wanted ads during the Great Depression,
with some regional variation. New York, Chicago, and Los Angeles share a common pattern:
large declines at the onset of the Depression, notable recoveries through the mid-1930s, and

a renewed downturn in 1936-37. The fall in labor demand at the start of the Depression was
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sharpest in New York and Chicago, while declines in Los Angeles and Washington were more
gradual. The initial decline in the Atlanta Constitution was more severe but briefly recovered

1. These differences are consistent with the

to its pre-Depression level in the summer of 193
annual employment patterns documented by Wallis (1989): the South experienced milder

employment declines and a faster recovery than the rest of the U.S.

Comparisons with Other City-level Measures Our city-level measures provide high-
frequency, geographically disaggregated indicators of labor demand for a period in which
such data are scarce. To validate them, we compare our measures to the few city-level indi-

cators of economic and labor-market conditions available over part of our sample.

First, monthly city-level help-wanted registrations at public employment agencies be-
tween January 1924 and January 1932 provide an alternative measure of local labor demand.
Figure '2 compares the two series for the five cities. They largely share similar trends and
cyclical movements: both decline during recessions and recover during expansions. This sug-
gests that the help-wanted measures from classified ads capture similar information about

local labor demand.

Second, Bradstreet’s weekly “Trade at a Glance” tables provide city-level one-word sum-
maries of business conditions, a potentially comparable indicator of local economic activity.
We follow Correia et al. (2022) to construct business condition indicators, extending their
measures over a broader time frame. To do so, we categorize the one-word summaries, pro-
vide a numerical value to each category, and then aggregate the measure into a monthly
frequency. Figure '3 compares the Bradstreet indicator to our help-wanted measure for New
York City, Chicago, Los Angeles, and Atlanta.'® The two series share similar cyclical fluctu-
ations, although the Bradstreet indicator is notably more volatile. For New York City, the
Bradstreet indicator displays a steady decline after 1923 that misses several major cyclical

fluctuations.

3.2 CI1TY-LEVEL COUNTS BY GENDER

Labor ads were grouped by gender in the early twentieth century. Figure 8 reports the city-

level help-wanted indices by gender. Counts of help-wanted ads for men are generally higher

HRelative to its level at the onset of the Depression (August 1929), the Atlanta series bottomed out at
33% in January 1931.

15 Bradstreet’s did not provide information for Washington, D.C. Appendix F.4 provides further details on
the indicator’s construction.
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Table 3: Help-Wanted Volatility by Gender

Std. dev. Corr. with U
Men Women Corr(Men, Men Women
Women)
New York 0.18 0.26 0.59 -0.47 -0.71
Chicago 0.22 0.35 0.92 -0.53 -0.44
Los Angeles 0.19 0.21 0.63 -0.44 -0.53
Atlanta 0.31 0.31 0.22 -0.11 -0.52
Washington D.C. 0.35 0.35 0.86 -0.49 -0.37

Notes. Monthly series are converted to quarterly averages, expressed as percentage deviations from the
sample mean, and filtered using a band-pass filter retaining fluctuations between 2 and 50 quarters.
Standard deviations and correlations are computed on the resulting cyclical components. U is the national
civilian unemployment rate. New York data begin in January 1919.

than those for women. In the Chicago Tribune, for example, the average daily number is 643
for men and 380 for women. The gap is even more pronounced for the Atlanta Constitution,
where ads for women are particularly scarce relative to other cities. Patterns vary regionally,
however. In Los Angeles, ad counts for women and men are much closer to each other. In
Washington, the number of ads for women exceeded the number for men during the period

when classifieds were free, but had fallen below those for men by 1921.

Beyond level differences, the gender split of help-wanted ads diverges sharply from the
gender composition of employment. Table 'l compares the average Sunday ratio of female
to male ads in each city-year with the corresponding ratio of gainful workers from the U.S.
Census. On average, the ratio of women to men in employment is around 0.25 — one woman

for every four male workers — while the ratio in help-wanted ads is closer to 0.75.

In interpreting these high female ratios, an important caveat is potential sectoral bias
in newspaper coverage. Many male-dominated occupations, including in manufacturing and
mining, historically relied on alternative recruitment methods such as union referrals, direct
hiring at the work site, or informal networks. Appendix B reports the distribution of oc-
cupations listed in the New York Times, Chicago Tribune, and Los Angeles Times on May
11, 1930. Compared to the U.S. Census, the occupational structure of newspaper ads likely
over-represents sectors in which women were concentrated and under-represents blue-collar

and industrial male employment.

We next turn to the cyclical properties of help-wanted ads by gender. Table 3 reports, for
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Figure 8: City-Level Help-Wanted ads by Gender
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Note: Seasonally adjusted monthly averages. Amber lines are for female labor ads, while teal lines are for
male labor ads. NBER recession dates in grey.
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each city-gender pair, the standard deviation of the cyclical component of help-wanted ads,
the correlation between the cyclical components of male and female help-wanted, and the
correlation of each gender series with the national unemployment rate. Female help-wanted
ads are generally more volatile than male ads, and the two series tend to move closely to-
gether. In Chicago, for example, the volatility of female help-wanted is nearly 60 percent
greater than the volatility for men, and the two series have a contemporaneous correlation
of 0.92. Atlanta is the largest outlier from this pattern: volatilities for men and women are

similar, and the two series have a low correlation of 0.22.

These gender differences are visible in specific episodes. During the 1920 recession, the
number of help-wanted ads in the New York Times fell from a peak above 800 to 600 for
men, while the decline was more pronounced for women, from 800 to under 400. In the Los
Angeles Times, help-wanted ads for women rose more rapidly than those for men following
the Spanish flu and WWI.

In addition, potential demand for female labor could have been higher than paid adver-
tising captured. The Washington Post’s period of free classified ads (1905-1916) saw a surge
in advertisements for female workers relative to men, suggesting that the cost of posting ads
likely discouraged employers, particularly households and employers hiring for lower-wage,
female-dominated roles, from advertising regularly.! The surge in female postings once that
barrier was removed points to a latent demand for female workers that was not previously
reflected in paid advertising. In the next subsection, we examine more directly how adver-

tising costs influenced firm behavior.

3.3 HELP-WANTED AND AD PosTIiNG COSTS

Three newspapers in our sample—the New York Times, the Los Angeles Times, and the
Washington Post—systematically published information on advertising costs, as discussed
in Section 2.7 We use this information to estimate how firms respond to changes in posting

costs through the following panel regression:

In(HWg,) = o +ns + BIn(Ads ) + 7 Xt + Ests (2)

16Wage gaps in this period are well documented by Goldin (1990) and Kessler-Harris (1982).
17Systematic data on posting costs for U.S. newspapers are only available starting in 1951; Zagorsky (1993)
studies how help-wanted ads have varied with posting costs since that date.
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Table 4: Elasticity of Help-Wanted Ads to Posting Costs

All Men Women
+ U. + U. + U.
I3 -0.09** -0.10** -0.12 -0.12 -0.12** -0.12**
(0.03) (0.03) (0.04) (0.05) (0.03) (0.03)
Bu - -0.005 -
0.005*** 0.006***
(0.001) (0.003) (0.000)
Obs. 825 825 825 825 825 825
Adj. 0.90 0.90 0.84 0.85 0.87 0.87
R2

Notes: Log-log regressions of In(HW, ;) on In(Ads ), the contemporaneous log posting cost.
The “+ U.” columns add the national unemployment rate. All specifications include city fixed
effects, a time trend and its square, and two lags of the log dependent variable. Standard errors
clustered by city in parentheses. Data sample is January 1915 to December 1938; Washington
Post free-ads months excluded. Statistical significance indicated by ** (p < 0.10) and

**¥K(p < 0.05).

where HW g, is the monthly average of Sunday help-wanted counts in city s in month ¢,
prior to seasonal adjustment and 3-month averaging. Ads, is the corresponding labor-ad
posting cost.'® The coefficient 3 is the elasticity of help-wanted advertising with respect
to posting costs. The term «; includes a linear and quadratic time trend, controlling for
factors common across cities in a given month; 7, is a city fixed effect that controls for
city-specific time-invariant factors; and X, contains lags of the help-wanted count. ¢, is an
idiosyncratic error term. Because posting costs changed infrequently before 1915, we focus
on the period from 1915 to 1938. Appendix Figure C1 displays the dates and values of price

changes for each newspaper.

Table 4 reports the results. The first column presents the estimated elasticity for all
help-wanted ads, which is —0.09, statistically significant at the 10 percent level but eco-
nomically small: a 10 percent increase in the cost of posting is associated with about a 1
percent decline in help-wanted ads. The third and fifth columns report separate estimates
for male and female ads. The elasticity is —0.12 for both, though the estimate is statistically
significant at the 10 percent level for women but not for men. The second, fourth, and sixth
columns add the national unemployment rate as a control. The ad rate elasticities are vir-
tually unchanged, providing reassurance that the estimated response to posting costs is not

driven by business-cycle comovement between ad rates and labor demand. The unemploy-

18We use a log-log specification because a level-on-level specification is inappropriate given the large
differences in ad counts across cities.
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ment rate itself is strongly significant for women but not for men, consistent with greater
cyclical sensitivity of female labor demand. Overall, the demand for help-wanted advertising

is inelastic, with an estimated elasticity of —0.009.

4 NATIONAL HELP-WANTED INDEX

In this section, we construct a national help-wanted index by aggregating labor ad counts

across five cities and discuss the cyclical dynamics of the labor market between 1900 and 1938.

4.1 CONSTRUCTING THE NATIONAL INDEX

We construct the national help-wanted index as:

c
26:1 HW. weq LF—19271
& X

)
=1 HWc,t:1927:1wc,t:1927:1 LF;

NHWI, =100 x

(3)

where C' is our set of metropolitan areas; HW,, is the seasonally adjusted and smoothed
monthly ad count from area c¢; w.; is a weight for area c equal to its share of the five-city
population in period ¢, obtained by interpolating between decennial censuses; and LF; is an
estimate of the overall labor force. The index is normalized to 100 in January 1927. The
resulting series are shown in Figure 9.1 Panel (a) displays the aggregate index; panel (b)

shows the breakdown by gender.

Our aggregate help-wanted series, combined with existing proxies for job vacancies in
the remaining decades of the twentieth century, yields 125 years of monthly labor-demand
indicators.?® Panel (c¢) of Figure 9 shows this combined series, linking our national index
with the job vacancy rate from Petrosky-Nadeau and Zhang (2021) to cover the period from
1938 to December 2024.

4.1.1 EXTERNAL VALIDATION Our approach of building the national help-wanted index
mirrors MetLife’s methodology. The MetLife index was initiated in 1927, with past issues

19When constructing the aggregate index, we use New York Times counts only from January 1919 onward,
given the paper’s low earlier circulation. We also drop Atlanta after December 1935 and Washington after
December 1937 for lack of help-wanted data. See Section 3 for further details.

20The vacancy rate for 19001927 is constructed by rescaling our help-wanted index to match the level of
the national vacancy rate series constructed by Petrosky-Nadeau and Zhang (2021) at December 1927.
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Figure 9: Aggregate Help-Wanted Index

(a) Help-Wanted Index (b) Help-Wanted Index by Gender
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Note: The help-wanted indices are normalized to Jan. 1927=100. NBER recession dates in grey. Panel (b):
yellow line is for female labor ads and green line is for male labor ads.
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Figure 10: External Validation

(a) Comparison with MetLife (b) Comparison with Public Employment Agencies
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Note: Panel (a) The city-weighted help-wanted Index is defined in equation (3). Both series are normalized
to Jan. 1927=100 for comparability. NBER recession dates in grey. Panel (b) Red lines are the
city-weighted public employment agency series, and the blue lines are the city-weighted newspaper labor
indices as defined in equation (3). They include New York City, Chicago, Los Angeles, Atlanta, and
Washington DC. Both series are normalized to Jan. 1927=100 for comparability.

of print newspapers collected to extend the series back to 1919.2" The shared methodology
allows us to validate our national index by comparing it to MetLife’s during the period of
overlap. Relative to the MetLife program, data limitations restrict us to a subset of news-
papers, but our five cities still provided substantial national coverage, more than 33 percent

of all U.S. city populations according to the 1930 Census.

As shown in Figure 10a, our help-wanted index tracks the MetLife series closely during
the overlapping period, with a correlation of 0.98 between the two. Our measure is less
volatile during 1919 - 1927 period, in which the accuracy of the MetLife data has been
questioned (Zagorsky, 1998). Specifically, our measure mirrors the MetLife business-cycle
troughs but not the elevated peaks during expansions, which had previously been cited as a

reason for concern with the reliability of the MetLife index prior to 1927.

As a second external check, we collect data from public employment agencies. From Jan-
uary 1924 through January 1932, the U.S. Department of Labor, in cooperation with state

and local employment services, produced monthly reports of the number of help-wanted

22

registrations from local businesses.” We digitized these reports to construct an alterna-

21 This program, created by William A. Berridge, was the precursor to the Conference Board’s Help-Wanted
series. One-third of the 100 newspapers in 45 cities used in the vacancy index were incorporated in 1927
(Berridge, 1929).

22 According to Lee (2007), about four percent of the U.S. labor force searched for jobs through public
employment offices during this period; users were mainly unskilled workers.
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Figure 11: Dynamics of Help-Wanted Index Following the Start of a Recession
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Note: Percent change in the help-wanted index from the start of a recession.
Major recessions, following the classification of Bordo and Haubrich (2017),
include 1907, 1920, 1929, and 1937.

tive measure of firm search. The key difference between the two channels is that posting

with a public employment agency was free, while posting an ad in a newspaper required a fee.

Figure 10b compares our newspaper-based help-wanted index with the corresponding se-
ries from public employment agencies, both derived from the same five cities in our sample.
The yellow line represents the employment agency data, while the blue line depicts our index
based on newspaper advertisements. The two series track each other very closely throughout

the period of overlap.

4.2 DYNAMICS OF FIRM SEARCH

The aggregate help-wanted index displays strong procyclical dynamics. Panel (a) of Figure
9 shows that the index declines rapidly at the onset of a recession and recovers during the
subsequent expansion, a pattern similar to the behavior of job-posting series in the post-war
period. The expansion beginning in March 1919, after the most severe wave of the Span-
ish flu in late 1918 and the end of WWI, was accompanied by an extraordinary surge in
help-wanted advertising. The index peaked on the eve of the 1920 recession, drawing paral-

lels with the spike in job openings during the recovery from the COVID-19 pandemic in 2020.

Figure 11 further illustrates these points by plotting the help-wanted index relative to its
level at the start of each recession. The blue line plots the mean measure across recessions;

red lines denote the “major recessions” identified by Bordo and Haubrich (2017), and gray
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Figure 12: VAR Impulse Response of Help-Wanted Index to Productivity Shock

(a) National Help-Wanted Index (b) Men vs Women
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Note: Impulse response of the help-wanted index to a labor productivity shock from bivariate VAR(4)
models on band-pass filtered cyclical components, 1900-1938. Panel (a): national help-wanted index.
Panel (b): separate models on the men’s and women’s indices. Structural identification via Cholesky
decomposition with productivity ordered first. Shaded areas denote 90% bootstrap confidence
intervals.

lines mark the remaining recessions. The four major recessions are: (i) the 1907 recession,
following a stock market crash and banking panic; (ii) the 1920 recession, following a sharp
tightening by the Federal Reserve; (iii) the Great Depression of 1929, following a major stock
market crash and banking panic; and (iv) the 1937 recession, the third-worst downturn of the
twentieth century and often attributed to monetary policy. The figure shows that recessions
look similar at their onset, but severe recessions are followed by sharper declines and slower

recoveries in help-wanted advertising.

We complement this descriptive evidence with a structural VAR to characterize the dy-
namic response of help-wanted advertising to productivity shocks. Specifically, we estimate
bivariate vector autoregressions (VARs) on the cyclical components of labor productivity
and the national help-wanted index. The cyclical components are extracted by applying a
band-pass filter to the log of each series and retaining fluctuations with periods between 2
and 72 months. We identify the structural shock to labor productivity using a Cholesky
decomposition with productivity ordered first, and include four lags. Panel (a) of Figure 12
presents the impulse response of the aggregate help-wanted index. Following a positive pro-
ductivity shock, firm search activity rises, peaking after about 3 months and then gradually
returning to trend. The response is statistically significant for the first 11 months, consistent

with the procyclical nature of help-wanted advertising documented above.
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The response of help-wanted advertising for women to a productivity shock is roughly
twice as large as for men. Panel (b) reports the same exercise estimated separately on the
men’s and women’s help-wanted indices. Both indices rise following a positive productivity
shock, but the responses differ notably: the women’s help-wanted index response remains
statistically significant for approximately the entire horizon, while the men’s index shows a

more muted peak and wider confidence intervals, losing signifance after 8 months.

4.3 BusINESS CYCLE MOMENTS

We report standard business-cycle moments for the early twentieth-century labor market.
We remove longer-run trends from each time series at a quarterly frequency and focus on
second moments of the resulting cyclical components.?> The moments of interest—standard
deviations and contemporaneous cross-correlations—are computed as proportional devia-
tions from trend. Table 5 reports these moments for the full sample period (panel A) and
for the subsample from January 1900 to October 1929, which excludes the Great Depression
(panel B). Panel C reports the same moments for the post-World War II sample from 1955
to the end of 2024; details on the post-WWII data are in Appendix F.

Unemployment and job postings are volatile over the business cycle in our full pre-1938
sample. The standard deviation of the cyclical component of unemployment is 0.44, more
than twice the 0.19 standard deviation of help-wanted ads. The contemporaneous correlation
between unemployment and vacancies, which captures the slope of the Beveridge curve, is
close to —0.6 as shown in Table 5. Labor market tightness is strongly procyclical, with a

correlation of 0.40 with labor productivity.

The Great Depression, with its large departures from normal business-cycle fluctuations,
could distort the characterization of the cyclical dynamics of the labor market. Panel B
of Table 5 addresses this issue by reporting the same set of moments for the 1900-1929
subperiod. The patterns are markedly similar to the full sample, though the volatility of
unemployment and labor tightness is lower when we exclude the Great Depression, and the

slope of the Beveridge curve is somewhat steeper.

For comparison, panel C of Table 5 presents the moments of variables in the post-World
War II period (1955-2024). Consistent with the literature, the volatility of all variables is

23We extract the cyclical component by retaining fluctuations at horizons between 2 and 50 quarters using
a band-pass filter.

27



Table 5: Empirical Business Cycle Moments, Quarterly

Panel A: 1900:1 to 1938:1V

U HWI 0 X
Std. dev. 0.44 0.19 0.62 0.06
Corr. matrix U 1.00 -0.59  -0.68 -0.37
HWI 1.00 0.70 0.36
0 1.00 0.40

Panel B: 1900:1 to 1929:111
U HWI 0 X
Std. dev. 0.37 0.18 0.54 0.05
Corr. matrix U 1.00 -0.64 -0.87 -0.38
HWI 1.00 0.66 0.36
0 1.00 0.45

Panel C: Jan. 1955 to Dec. 2024

U HWI 0 X

Std. dev. 0.20 0.17 0.32 0.02
Corr. matrix U 1.00 -0.74  -0.84 0.19
HWI 1.00 0.90 0.24

0 1.00 -0.04

Notes. Monthly series are converted to quarterly averages, expressed as
percentage deviations from the sample mean, and filtered using a Baxter-King
band-pass filter retaining fluctuations between 2 and 50 quarters. U is the
civilian unemployment rate; HW I is the national help-wanted index in panels A
and B and the JOLTS vacancy rate in panel C; § = HWI/U is labor market
tightness; X is labor productivity. Panel A covers the full sample
(1900:1-1938:1V), panel B excludes the Great Depression (1900:1-1929:I1T), and
panel C uses post-war data (1955:1-2024:1V).
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Figure 13: The U.S. Beveridge curve and matching function: A long run view
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Note: Panel (a) plots unemployment and vacancy rates between Jan. 1900 and Dec. 2024.
Panel (b) plots the Beveridge curves implied from estimating a matching function over pre- and
post-WWII samples.

considerably lower in the modern era. The variables nonetheless display correlation patterns
that are similar to those of the early twentieth century. Notably, the volatility of labor-

market tightness relative to that of unemployment is similar across sample periods.

4.4 BEVERIDGE CURVE AND A LABOR MARKET MATCHING FUNCTION

Our new data provide a longer historical view of the Beveridge curve. Figure 13a plots the
vacancy rate against the unemployment rate from January 1900 to December 2024. The
scatter plot in panel (a) contrasts our new data series from January 1900 to December 1938,
shown in teal dots, with data covering the end of the Depression and the post-war period

between January 1939 and December 2024, shown in amber.

Consistent with more recent periods, the scatter for the early twentieth century displays
a downward-sloping, convex relationship between the unemployment rate and the vacancy
rate. The 1900-1918 portion overlaps remarkably with the post-WWII experience of move-
ments in vacancies and unemployment. The 1919-1938 portion, by contrast, was marked by
extraordinary events — World War I, the Spanish flu, and the Great Depression — and exhibits
notable shifts in the Beveridge curve that are not typical for business cycle movements. The
high unemployment and low vacancy rates of the Great Depression, for example, trace a
particularly flat portion of the curve, as noted in Petrosky-Nadeau and Zhang (2021). Our
novel data from 1900 to 1918 thus help reveal a remarkable stability in the U.S. Beveridge
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Table 6: Matching Function Estimates

Pre-WWII Post-WWII
1900-1958 19762024
x (level) 3.97 2.25
¢ (curvature) 0.64 0.72
0 0.027 0.027
Obs. 468 584
Mean ny 0.57 0.55
Median ny 0.63 0.55

Notes. Nonlinear least squares estimates of the den Haan et al.
(2003) matching function. § is the monthly separation rate, set
to the JOLTS average (2000-2024). ny = x*/(x* + 67*) is the
elasticity of matching with respect to unemployment.

curve over the past 125 years, at least as measured by the estimated matching elasticities, a

stability that would be obscured by relying only on the existing MetLife vacancy series.

We investigate this stability of the Beveridge curve further by estimating a labor market
matching function on pre- and post-WWII data. Starting from the steady-state relationship

between the unemployment rate and the flows into and out of unemployment:

5
U= Soawvoyjo (4)

where § is the flow rate into unemployment; and M (V,U)/U is the flow rate out of un-
employment, determined by the matching of unemployed workers U with vacant jobs V'
through the matching function M (V,U). Following den Haan et al. (2003), we parameterize
the matching function as M(V,U) = xVU ((xV)' + U~*)""*, where y is a matching level
shifter and ¢ is a curvature parameter. This functional form has the desirable property that
matching probabilities are bounded between zero and one. We fit equation (4) to data by
nonlinear least squares. The separation rate 0 is set to the average monthly total-separations
rate from JOLTS over 2000-2024, 6 = 0.027, for both samples. Table 6 reports the estimates
and panel (b) of Figure 13a displays the implied Beveridge curves.

To compare the implied labor-market dynamics across eras more directly, we compute
the elasticity of matching with respect to unemployment. Under our chosen functional form,
the elasticity is given by ny = x*/(x* + 607"), where § = V/U is labor-market tightness. The

elasticity ny measures the responsiveness of the job-finding rate to unemployment, holding
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vacancies fixed. The mean elasticities are remarkably similar across eras (0.57 versus 0.55).
This similarity suggests that the underlying process of matching workers to jobs has been
broadly stable for over a century, despite substantial changes in labor-market institutions
and search technologies. The larger gap between the mean and median elasticities in our
data sample reflects the influence of the Great Depression: very low levels of labor-market
tightness generate low matching elasticities that pull the pre-war mean below its median.
Taken together, the stability of the Beveridge curve and the similarity of matching elasticities
across eras imply that the fundamental process of matching workers to jobs has remained

broadly similar across 125 years of U.S. labor-market history.

5 CONCLUSION

This paper provides new monthly, city-level and national measures of firm search based
on the help-wanted advertisements in early-twentieth century U.S. newspapers. We extract
employer-placed advertisements using image-processing techniques and use them to construct
help-wanted indices for 1900 to 1938. We validate the methodology with extensive manual
checks and by comparison with national and city-level indicators of help-wanted activity

available for subperiods of our sample.

Help-wanted advertisements vary substantially over our sample period. Firm search ef-
fort is procyclical, with vacancy postings declining sharply at the onset of recessions. We
also document a striking stability in the U.S. Beveridge curve over the past 125 years. Dis-
aggregated patterns highlight the importance of regional and demographic context: there is
meaningful variation across cities and greater cyclical sensitivity in advertisements placed

for women.

Our methodology is adaptable to other newspapers, scalable to additional dimensions of
the classified advertisements, and can be enriched with textual analysis to extract deeper
economic insights from historical listings. We hope that it encourages further research using

archived newspapers to study historical economic dynamics.
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B OCCUPATIONS

Table B1 provides a distribution of the occupations listed in the classified ads for newspapers
on May 11, 1930. To categorize occupations, we used the classification of occupation groups
from the 1930 Census of the United States. We focus on these broad occupation categories as
ads often listed multiple occupations, making it difficult to classify one ad by a single job-type
(e.g., an ad for a cook/chauffeur/butler or an ad for a painter/carpenter). In addition, we
include a count for “no category.” Sometimes a help-wanted ad can be too vague to classify

an occupation (e.g., “Call to inquire about work”). Furthermore, it is sometimes impossible



to read all or part of the text of an ad, making it impossible to classify the occupation. We
count all these types of occupations as in “ no category.”

The table shows that help-wanted ads covered a broad spectrum of occupations. Ads tend
to be dominated by trade occupations, including by advertising, banking, retail jobs, man-
agers, and salesmen.! For comparison, the last column of Table B1 provides the distribution

of gainfully employed individuals at the state level in the 1930 Census.?

C CLASSIFIED AD RATES

The cost for posting labor ads varied over time and across newspapers. Many newspapers
regularly printed the current rates in their Sunday publications. We manually collected
the posting costs for the New York Times, the Los Angeles Times, and Washington Post.
Information for the Chicago Tribune and Atlanta Constitution were not printed in the news-
papers. The cost decreased in the number of postings purchased. For instance, in the New
York Times, the cost for posting a help-wanted ad one time in 1901 was 10 cents, 24 cents
for three times, and 42 cents for seven times in a row. For consistency, we use the one-time
posting cost. In addition, costs are typically higher on Sundays compared to other days of
the week. We use the Sunday costs as the labor indicators are constructed using Sunday
newspapers.

In addition, the specification of posting charges also varied across newspapers. Over
the period, the Washington Post provided a charge rate either by word or by line, and
additionally specified a minimum charge per ad that was above these individual charges. For
consistency, we use the minimum charge per ad throughout the sample. The Los Angeles
Times initially charged ads by the number of words with a minimum fee: 1 cent per word
with a minimum charge of 15 cents between 1900 and 1903, and 1 cent per word with a
minimum charge of 25 cents between 1903 to 1918. Therefore, we use the minimum charge
for that period. After 1918, we change to the per line cost following the information the Los
Angeles Times published. For the New York Times, we use the per line cost throughout the
sample.

Figure 2 presents the nominal and real costs over time of posting a help-wanted ad in the
three newspapers. To compute the real cost, we use the historical consumer price index (CPI)
values. Prior to 1913, we use the annual CPI constructed by Albert Rees and maintained

by the Minneapolis Federal Reserve.? We assume the price values remained the same within

'We categorize all ads for a chauffeur as domestic and personal services, since these ads often are associated
with domestic work. The 1930 U.S. Census generally categorizes a chauffeur in the transportation and
communication category, and our classification skews the distribution away from this category.

2State-level statistics are the most disaggregated level provided by the 1930 U.S. Census.

3https://www.minneapolisfed.org/about-us/monetary-policy/inflation-calculator/
consumer-price-index-1800-


https://www.minneapolisfed.org/about-us/monetary-policy/inflation-calculator/consumer-price-index-1800-
https://www.minneapolisfed.org/about-us/monetary-policy/inflation-calculator/consumer-price-index-1800-

a year. Since 1913, monthly CPI has been computed by the Bureau of Labor Statistics in a
consistent manner.

Figure C1 displays the monthly help-wanted ad counts alongside the dates at which
posting rates changed for each newspaper. Red vertical lines indicate rate increases; green
lines indicate rate decreases. The annotation on each line shows the magnitude of the change
in cents. For the Washington Post, the shaded area marks the period during which classified
ads were free (November 1905 to July 1916).

D EXTRACTING INDIVIDUAL ADVERTISEMENTS: ADDITIONAL DETAILS
AND ROBUSTNESS CHECKS

In this section, we provide additional details and consider robustness checks for the tem-
plate matching method in Section 2. First, we explain how newspaper pages of classified
ads are split into ads through image processing. Second, we provide more details on the
template matching method, including the iterative process that we use to determine the pre-
set thresholds. We also discuss the process of identifying multicolumn headers in the New
York Times. Next, we provide additional manual counts by randomly selecting two pages of
each newspaper for each month and comparing them to the results of our template matching
procedure. Finally, we compare our process with an alternative method based on machine

learning using a Convolutional Neural Network.
D.1 IMAGE PROCESSING

Classified ads use a strict column format with ads flowing from top to bottom and left to
right, with vertical lines separating columns and varying types of horizontal lines separating
individual ads. Horizontal dividers can be a single or double solid line or a wavy line.
Columns typically start with a categorical header that features larger font. In some cases,
headers can span multiple columns. We split labor ads through image segmentation in three
steps: 1) image alignment; 2) splitting the page into columns (vertical); and 3) splitting the

columns into ads (horizontal) as shown in Figure 3.

Image Alignment During the digitization process, text documents are often not oriented
properly while scanned. Ensuring column/ad dividers are as vertical /horizontal as possible
improves accuracy. We use the Separator Net Post Processor from NewsEye (2020) to identify
any skew or slant to images and then use the warpAffine method from OpenCV to rotate

images accordingly.


https://docs.opencv.org/4.x/d4/d61/tutorial_warp_affine.html

Figure C1: Help-Wanted Ad Counts and Ad Rate Changes
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Notes: Monthly average of Sunday help-wanted ad counts (not seasonally adjusted).
Red vertical lines mark ad rate increases; green lines mark decreases, with annotations
showing the change in cents. Shaded green area in panel (c) denotes the Washington
Post free-ads period (November 1905 to July 1916). Grey bars are NBER recession
dates.

Splitting Pages into Columns We use NewsEye’s Separator Net Post Processor to split

newspaper pages into columns. The aligned poly-lines are grouped into clusters based on



their horizontal coordinates and smoothed using a Savitzky-Golay filter. Discontinuous line
segments are connected by straight lines, and vertical lines are added to the top and bottom
of the poly-lines to span the entire image from top to bottom. After all the column dividers
are identified, the page is split into separate images.

Occasionally, column dividers are faint or non-existent, resulting in multiple columns
being grouped together. At the other extreme, noise in the scanned image can result in
over splitting of the image into too many columns. To alleviate these issues, we calculate
a typical column width by using the average difference of the modes of each poly-line’s
horizontal coordinates. Columns that are close to a multiple of the typical column width are

divided, while dividers that create too narrow columns are removed.

Splitting Columns into Ads Due to the density of text, NewsEye’s Separator Net Post
Processor does not adequately separate individual ads in columns. Instead, the black hor-
izontal lines that separate ads are identified by using a combination of tools from different

python libraries, including OpenCV, Scikit-Learn, Scipy, and Shapely. We follow three steps:

1. Invert image colors: as shown in Figure D1b, the image colors are inverted, from black
to white or from white to black. Inverting the image colors simplifies the separating

process by giving the foreground values greater than zero.

2. Remove text: for each column, the text is identified by grouping together neighboring
white pixels. It is then removed based on the aspect ratio of their bounding box,

leaving just the horizontal lines behind, as shown in Figure Dlc.

3. Identify ad dividers: the mean of each row of pixels is normalized by dividing by 255,
the value of a white pixel. The value should be close to one for a horizontal line and
close to zero everywhere else, see the blue line in Figure D1d. A Hanning window is
applied to the array of values to filter out any noise in the underlying data, see the

orange line in Figure D1d.

Ad dividers can be identified by peaks in the array: if the pixel value is higher than a
certain prominence threshold, we classify it as a line. However, a fixed threshold can
not be used, as the image quality varies across newspaper pages. Instead, a threshold
is calculated for each column. First, all peak values within a column are binned into
a histogram, see the blue line in Figure D2. Then, a high-order polynomial is fit to
the histogram, as shown by the orange line. The first local minimum is used as the
prominence threshold, as shown by the black dashed line. If no local minimum is found,

then the mean of all peak values is used as the threshold, see the red dashed line in



(a) Templates

Domestic Employment

Household Help Wanted—Female
Continued From Preceding Page.

NURSERY-GOVERNESS, complete charge
5 Sosf Tchild: music, language preferred. R |

NURSE, practical, white, for elder\y lady;
salary $40 month. Windsor 6-396

NURSE-GOVERNESS, experlenced chﬂdren
3-9; city ro, 25 East 86th.

NURSEMAID. expgriencsd full :harge boy
6; no housework; sleep in, out; $25.

811 Walton Av.. Apt. E5.

NURSEMAID, girl 2 years, small apart-
ment, light cooking; good salary. Wind-
sor 8-3794.

I\'URSEMAJD full charge 9 months baby;

bo: no housework; sleep in;

szs CALbedml 8-7836. 9-11 A.
e

NURSERY Governess. expenenced 2 chil-
dren, 4, 8; call all day Sunday. Mrs.
Baum, 440 West End Av. (3A).

NURSERY GOVERNESS, complete charge,
child, 3. light household duties; references.

ACademy 2-8014.

WAITRF‘SS. morougmy compelem 2 ot.her‘
girls in house; location near ew Yo ki

gwedish or Scandinavian preferred; d po-

siop; mention your nationality, reterem:es

X 2053 Times Annex.

WOMAN, intelligent; Jewish family, 2
adults. light housework, sleep in; refe
ences. Krsuss, 780 Montgomery St., Brool

Iyn.
WOMEN (2), white, for cook and waitress,
country, 100 miles from New York: refer- |
ences; $70 and $55. Apply 159 East 88th |
8t., Monday, before noon.
WOMAN, white, 30-40, housework, plain
_cuokmg. light washing, hours 10-7, Mon-
day-Friday; 6 adults; S10 weekly. APpPly
after Sunday. SEdgwick 3-4573.
WOMAN, intelligent, understands children,
care boy 4 years. school mornings; plain |
eooking, housework; own room; references.
TRafalgar 7-3549. |
WOMAN, voung; light housework; experi-
enced small children; references. JErome
7-9275. 10-12.
WOMAN, white, general housework, no
cooking, no laundr. 3 in family; sleep
in. 28 Beaumont St., Manhattan Beach.

WOMA\' nursmg experience, for invalid;
9 P. . references. Clrcle 7-5564.

YOU\G LADY part time, companion giris
4 and 7, for board, room and nominal
sslan references required. 2 2097 ’nmes\
Ann
YOU’Z\G WOMAN, white; general house-
work: good plain cooking, 4 aduits; sieep
out. Cali Sunday after 3 or Monday eve-
ning. Kelly. 1501 Underclitf Ave, Bronx.
PART-TIME maid and cook for busmess
couple; 3-room apartment; Imust be excel-
lent cook : cleaning. light v\ashmg conkmg‘
dinner every day; salary §10 weekly. 50
East 10th. Sunday GRamercy 5-4515.
CENERAL HOUSEWORKER, 2 adults, |
small apartment; knowledge COOKIng;
£35-540. 170 West 81st St., Apt. 5A. SUs-
quehanna 7-1159.
LADY having delightfui apartment. would
give room and board to companionable,
gettled woman who would cook and be gen-
erally useful. L 506 Times.

GENERAL HOUSEWORKER. middle-aged, I
tea room. near Poughkeepsie. neat ap-
pearance essential; wages $30-§35. X 2098

Times Annex.
LADY, mind children, few afternoons, eve-
nings, exchange room-board. 2,100 Har—‘

Tison Av.
FRENCH GOVERNESS, assist light house-
Work; $40: own room and bath. SUsque-
hanna 7-307%.
JNTELLIGENT PERSON to care for g)rl‘
4 years old; part or whole day; sleep in. ‘
Riverside 9- 4815,
WANTED—Two malds, Cook and waitress,
competent. young. white: private house;
city: wages §120 monthly. W 103 Times.
GENERAL HOUSEWORKER wanted.
adults; 2 children; experienced; sleep in.
Rlverside 9-1474.
BABY NURSE Complete charge of 27-
months-old boy; $40: write age, experi
ence, nationality. R 508 Times.
BUSINESS GIRL stay evenings with child
exchange own room. MEIlrose 5-5797, eve-
nings. !
BTUDENT: sleep in-out; care girl 4 131
Riverside Drive, Apt. 4C

Employment Agencles.
COOKS. Scandinavian. Austrian: hous
workers, Irish. German, Scandinavia
chambermalds-waitresses, Scotch, German
lady's maid .voung. Swedish. to travel. $75;
couples  (butler-cock-caretakers. —countrv.
$150. Scotch, Finnish); (butler-cook-laun-
dress, suburbs, $125); (butler-chauffeur-
cook, city, §125). .
MISS HOFMAYERS AGENCY,
665 5th Av. (6th_floor). |

Figure D1: Identifying ad dividers

(b) Inverted
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Caontinued From Preceding Page.
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3.9 city references. Shapiro, 25 Bast 86th.
RURSEMAID, experienced. full charze boy
6; no housework; sleep in, outi 325 |

811 Walton Av.. Apt. E5.

NURSEMAID, girl 2 years, uma apart-
ment, light cooking; good salary. Wlind-
sor 8-3794.

E tun charge 9 months baby}
refined b no housework' sleep in

£25. CAthedral 8-7836. 9-11 A. M.
NURSERY Governess, experienced, 2 chil-
dren, 4, 8: call all day Sunday. Mrs.‘
Baum 440 West End AvV. e
NURSERY GOVERNESS, complete charge, |
dmd 3, light household duties; references.

ACademy 2-8014.

WAITRESS, umrougmy competent‘ 2 other.
girls in house; locati n ew York;!

vadlsh or Sea.ndinavlan nre e good po-

mention vour nluonnll!)' references.

X .053 Times Annex.

WOMAN, ln(emgem- Jewish family, 2
aduits, lght houseworks, sleep in; refer-
ences. Krauss, 780 Montgomery St., Brook-
iyn.

WOMEN (2), whlte. for cook and waitres
country, 1 tes from New York: refer-
ences; $70 and (55 Apply 159 East 88th
St., Monday, before noon. ‘

OMAN, white, 30-40, housework, piain
cunmng. hgm ‘washing. hours 10- on-
day-Friday: 6 adults; S10_ weekly. Anply

afler Sunday. SEagwick 34575

WOMAN, intelligent, understands chlldr:n,
care boy 4 years. school moOrning: ain

eooking, hnusework own room; mterences.

TRafalgar 7-3549.

WOMAN, young; light housework; experi-
enced small children; references. JErome
7-9275, 10-12.

WOMAN, white, gen ra] housswork, no
cooking, no laundry family; sleep
in. 28 Beaumont S Ma.nhamm Beach.
WOMAH nursing experience, for invalid

M.-9 P. M.: references. Clrcle 7-5563.

YOU\!G LADY pari time, companion girls
and 7. for board, room and nomin:
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lent cook: cleaning. l\zh\ washing. cooking

dinner every day ary $10 weekly. 50

&w

GENERAL HOUSEWORKER, 2 adulls,
small apartment; knowledge CcooKing;
£35-840. 170 West 81st St., Apt. 5A. SUs-
quehanna 7

LADY having dem:mful apartment, would |
give room and board to combnmonahle
gettled woman who would cook and be gen

eraily useful. L 506 Times, _________

GENERAL HOUSEWORKER. middle-aged,
tea room. near Poughkeepsie. neat ap-
pearance essential; wages $30-835. X 2098
Times Annex.

TADY, mind children, few afternoons, eve-:
nings, exchange room-board. 2,100 Har-

Tison Av.

FRENCH GOVERNESS, assist light house-
work; $40: own room and bath. SUsq

hanna 7-3078.

I!‘d LL}GE\’T PERSON to care for girl

years old; parl or whole day; sleep in.

Pl\crsida 9-4815.

WAN ED—Two malds, cook and waitress, |
competent. young. white; private hou%e.(

city; Wages $120 monthly. W 103 Tim {

G ERAL HOUSEWORKER wanted, 2

adult children; experienced; sieep m.‘

|

|
|

Rlverside 9 1474.
RABY NURSE—Commete charge, of 27-
months-old boy; $40: write age, experi-
ence, nallonahl)_ R 503 Times.
BUSI\ESS GIRL stay evenings with child
ange own room. MElrose 5-5797, eve-
nmgs.
STUDENT,; sleep m-out: care girl 4.
Riverside Drive. Apt. 4C.
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Figure D2: Prominence Threshold Calculation

250 7 :
: I Histogram

200 - | Polynomial fit
I Local minimum

150 I — — Mean of peak values
|

100 - :
|

50 7 I
| - =
0 e e O e

|

-50 . ; - :

0 0.05 0. 0.15 0.2 025 0.3 035 04 045
Pixel Value

Figure D2. Finally, peaks with a prominence above this threshold are used to divide

the column into individual ads, as shown by green cross signs in Figure D1d.
D.2 ADDITIONAL DETAILS ON TEMPLATE MATCHING

Newspaper publishers changed the wording and typesetting for section headers over time.
Table D1 documents the dates when either change occurred for our five newspapers between
1900 and 1938. The frequency varied considerably across newspapers. While the Chicago
Tribune changed section headers only twice during the span of 38 years, other newspapers
made more frequent changes. In total, we created 947 templates for headers across newspa-
pers over our entire time frame.

We use a 2-dimensional convolution to match individual ad images with templates. Each
template is compared against every ad using OpenCV’s matchTemplate method. In practice,
a template is moved across the targeted image, and a match scoring is constructed by mea-
suring the correspondence of the black-and-white pixel locations, which returns a matching
score between 0 and 1. A blank border is added to the outside of each ad to ensure the best
possible match for ads that may not have been segmented properly. Figure D3 highlights
that the matching score can vary greatly depending on the template size. Therefore, we use
a range of template sizes and rotations and choose the maximum matching score for each
pair of ad and template.

Finally, preset thresholds are applied to template match scores to identify and categorize

headers. The thresholds are obtained through an iterative process.
1. An initial threshold of 0.7 is used for narrow templates and 0.6 for wider templates.

2. For each period shown in Table D1, we run the template matching procedure on all


https://docs.opencv.org/4.x/d4/dc6/tutorial_py_template_matching.html

Figure D3: Template size and matching score
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image files within that time period and generate a maximum match score for each pair

of image and template.

The match scores usually have a bimodal distribution with two peaks. In these cases,

the match score value at the trough is chosen as the new threshold.

3. We repeat the previous step by using the updated thresholds. Finally, we also fine-tune

the thresholds by comparing template matching results with manual counts.
D.3 MuLti-COLUMN HEADER IDENTIFICATION

The New York Times employs a more complex layout with categorical headers spanning
multiple columns, see Figure D4. These multi-column headers varied in size and kerning,
and using our template matching method alone is less effective. Instead, a machine learning
object detection approach is used for the identification and categorization of these headers.
Using 6,060 instances of multi-column headers tagged in 3,797 different images, a Convolu-
tional Neural Network (CNN) model is trained to detect and classify regions of images into
different classes: background, help-wanted headers, and other headers.

This model is applied to each image before it is split into columns and ads, and the
classification and bounding box of the multi-column headers is stored and compared against
the bounding box of each ad. If the bounding box of the multi-column header overlaps the
bounding box of an ad by more than 50%, the multi-column header class is used to categorize
the ad as a header of the same class. Since both single and multi-column headers are used
together, this method is used in conjunction with the template matching method previously

described.



Figure D4: Template Matching with Multi-column Headers: example from the New York
Times.

Announcements of experier
helpers who seck work in

Female.

D.4 SCOPE OF IMAGE PROCESSING WORK

Table D2 provides a summary on the scope of image processing work for our five newspapers.
In total, we have processed close to 620,000 image files, 73,000 of which contain labor ads.
The morphological operations are used to split more than 11 million ads, about 8 millions

of which are labor ads.
D.5 ADDITIONAL COMPARISONS WITH MANUAL COUNTS

The print quality varies not only across newspapers, as shown in Table 1, but also across
sub-periods for the same newspapers. The quality is particularly poor after 1929 for the
Atlanta Constitution and after 1926 for the Washington Post. Table D3 shows the error
measures for periods with better print quality, which are notably better than the baseline
case in Table 1.

In addition to manually counting ads on the second Sunday in May between 1900 and
1938, we conduct alternative manual checks by randomly picking two pages for every month
for 1) the New York Times between 1900 and 1938, 2) for the Los Angeles Times and the
Chicago Tribune between 1925 and 1938, and 3) for the Atlanta Constitution between 1930
and 1935.

D.6 MACHINE LEARNING METHOD TO IDENTIFY HEADERS

Besides the template matching method, we also explored a machine learning method by
using a CNN model to identify classified ad headers. We applied the approach to the Los
Angeles Times, on which the template matching method has relatively poor performance.
CNN is an algorithm that imitates the way humans learn and typically consists of three
parts: convolutional layer, pooling layer, and fully connected layer (see Bezdan and Bacanin,
2019). We build a CNN on ResNet50 architecture, a deep residual network containing 50

layers.* The implementation of the procedure involves the following steps:

40ur codes are written based on an open-sourced deep learning framework, Pytorch, which was developed



1. We collect more than 9,000 images between 1925 and 1938 and then manually classify
those images to the following categories: help-wanted headers (female), help-wanted
headers (male), other headers, as well as non-header images. Table D4 provides a
summary of the image files. We split the period into two sub-periods, 1925-30 and 1931-
38, since the wordings for help-wanted headers switched in January 1931 as shown in
Section 4. These classified files are split into a training sample and a validation sample
on an 80-20% basis.

2. Using the training sample, the model learns the features of each image category based
on a neural network. After the training, we check the model’s performance using the
validation sample, and the accuracy rate is 98% for the period of 1925-30 and 97% for
the period of 1931-38.

3. Finally, we apply the trained CNN model on our data sample. We count the number

of help-wanted ads based on the classification of each image file.

Figure D5 shows the comparisons between the machine learning method against the
manual counts. The scatter dots are clustered on the 45 degree line, suggesting that the
machine learning method is comparable to the template matching method in terms of ac-
curacy. Since a large amount of manual classification is needed to achieve high accuracy,
the machine learning method is more costly and, therefore, we use the template matching

method in the baseline case.

Figure D5: Comparison between machine learning and manual counts in the Los Angeles
Times.

by Facebook.
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D.7 OpTICAL CHARACTER RECOGNITION

Applying OCR on each labor ad becomes prohibitively expensive, as state-of-the-art OCR
tools charge by the number of images, instead of image sizes. As explained in Section 2.4,
we first store the bounding box of each ad when the image is segmented into columns and
ads. Then, we apply OCR to each newspaper page that contains hundreds of classified ads.
The OCR output includes bounding boxes for all the letters and words in an image. Any
word that overlaps with the bounding box of an ad by at least 50% is classified as text of
that ad.

Multi-column headers are treated similarly. Any word that overlaps with the bounding
box of a multi-column header by at least 50% is included in the text for that ad. To simplify
further analysis, the multi-column header is recorded as a header in each column of the OCR
output.

After extracting the text from the images with OCR, textual analysis can be used to

extract gender information.

1. First, spelling check is applied to the text to remove common spelling errors caused by
the OCR process.

2. Then the text is cleaned. Words and characters that add no value are removed.

3. Regular expressions are used to search for gender keywords, such as female, male, men,

women, in section headers that are identified after the Template matching procedure.

4. The ads between headers are then categorized according to the header of the section

and counted.

E SEASONAL ADJUSTMENT

Figure E1 plots a comparison of our monthly counts for help-wanted ads when the series are
and are not seasonally adjusted across newspapers. In general, seasonal adjustment smooths

each series and reduces the volatility.

F ADDITIONAL HISTORICAL DATA: DETAILS

This section documents the sources of other historical city-level and macroeconomic data.
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Figure E1: Comparison of seasonally adjusted and non-seasonally adjusted measures: Help
Wanted

(a) New York Times (b) Chicago Tribune

2500 4000

2000 3000

1500
2000

1000

500 1000

0 T T T T T T T 1 0 T T T T T T T |
1905 1910 1915 1920 1925 1930 1935 1940 1905 1910 1915 1920 1925 1930 1935 1940
(c) Los Angeles Times (d) Atlanta Constitution
2000

1500

1000

500

1905 1910 1915 1920 1925 1930 1935 1940 1905 1910 1915 1920 1925 1930 1935 1940

(e) Washington Post

1905 1910 1915 1920 1925 1930 1935 1940

Note: The blue lines are seasonally adjusted, while the black dashed lines are not. NBER recession dates in
grey.
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F.1 AGGREGATE LABOR MARKET TIGHTNESS

Next, we turn to labor market tightness by complementing our help-wanted index with es-
timates of the rate of unemployment in the first half of the 20th century.® The ratio of
job postings to the unemployed, shown in Figure F1, measures the tightness of the labor
market from the perspective of employers. Two observations stand out. First, this series is
highly pro-cyclical, with a clear pattern of increasing during expansions and falling during
recessions. Second, the amplitude is affected by two large movements around 1906 and 1921.
The first is largely due to an unusually low estimate of the unemployment rate. The second
coincides with an unprecedented increase in help-wanted advertising following the Spanish
flu and the low rate of unemployment at end of WWI. These two factors lead to a fourfold
increase in the ratio of job postings to unemployment. The ratio drops sharply during the
1920 recession, returning to a similar level as in 1917. The recessions of 1903, 1923 and
1926 are also associated with large swings in the measure of labor market tightness. Yet, the
largest decline to its lowest level in the sample occurs during the Great Depression when it

remains at a low level even as the economy recovered in the late 1930s.

Figure F1: Aggregate Labor Market Tightness
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150 7

100 1

50

1905 1910 1915 1920 1925 1930 1935 1940

Note: Labor market tightness is defined as the ratio of help-wanted ads per labor force to the unemployment
rate. The series is normalized to Jan. 1927=100. NBER recession dates in grey.

5Appendix F provides more details. Data limitations restrict the ability to use city-level measures of
unemployment, see the discussion in section 3.1.
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F.2 GENDER RATIOS: HELP-WANTED VS EMPLOYED

The help-wanted ads targeting women played an out-sized role during our data period.
Table F1 displays the average ratio of female to male labor ads in each city in a given year,
comparing to the gender ratio of gainful workers in a given state in the same year as provided
by the U.S. Census. On average, the ratio of women to men employed is around 0.25, while

the ratio in help-wanted ads is closer to 0.75.
F.3 STATE AND LOCAL EMPLOYMENT SERVICES

From January 1924 to January 1932, the U.S. Department of Labor, in cooperation with
state and local employment services, produced monthly reports on the number of help wanted
registrations from local businesses. These reports, which we digitized, provide an alternative
measure of city-level help-wanted during this period.

Figure F2 compares the two series at the city level and provides a similar message. The
two series largely follow similar trends and business cycles for most cities, as both series
declined during recessions. It suggests that our measures using classified ads capture similar

information about local labor demand.
F.4 BRADSTREET INDEX

Bradstreet’s Trade at a Glance summarized the status of various sectors for the main cities
in the United States. Namely, the sectors referenced are wholesale trade, retail trade, man-
ufacturing and industry, collections, and crops.

To create an index, we follow the methodology of Correia et al. (2022). We use their data
for the years 1917-1922 and extend their approach to cover the years 1923-1932. Correia
et al. (2022) develop a three-valued index that describes the current condition of each sector
as “bad,” “fair,” or “good.” For the classification, they allocate descriptive words from
the Trade at a Glance into the three categories and denote each market in each city into
a category based on what word is used to describe the market. We use their classification
system and extend it to include additional descriptive words used in the additional years

that we categorize. Specifically, the categories are denoted as follows:

1. Good: good, brisk, excellent, active, liberal, very active, better, record, very good,

steady, more active, prompt, stimulated.

2. Fair: fair, moderate, fair to good, satisfactory, close, 3/4 capacity, 60 percent, 75 per-

cent, 75% basis, normal, fair activity, fairly active, hesitating, hesitation, only fair,
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Figure F2: City-Level Help-Wanted: Newspapers vs. Public Employment Agency Data
(a) New York (b) Chicago
1101 160 -
100 1 140 |
%01 120
80 1
100
70
801
60 1
w0 60 1
40 401
30 T T T T T T T | 20 T T T T T T T |
1924 1925 1926 1927 1928 1929 1930 1931 1932 1924 1925 1926 1927 1928 1929 1930 1931 1932
(¢) Los Angeles (d) Atlanta
160 1 800
700 -
140 +
600 -
120
500 -
100 1 400 1
300 -
801
200 1
60 1
100 1
40 T T T T T T T | 0 T T T T T T T |
1924 1925 1926 1927 1928 1929 1930 1931 1932 1924 1925 1926 1927 1928 1929 1930 1931 1932
(e) Washington DC
180 1
160 1
140 1
120
100
80 1
60 1
401
20 T T T T T T T |
1924 1925 1926 1927 1928 1929 1930 1931 1932

Note: Red lines represent public employment agency series, and blue lines are the constructed series using
newspaper ads. Both series are normalized to 100 in January 1927 for comparability. NBER recession dates

in grey.

slowdown, readjusting, half speed, half time, hampered, waiting, slack, uncertain, sus-
pended, many strikes, contracted, disturbed, inactive, short time, retarded, paralyzed,

irregular, unsettled, conservative.

3. Bad: quiet, dull, slow, very slow, cautious, interrupted, light, restricted, below normal,
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curtailed, under normal, poor, lagging, tardy, delayed, backward, drag, spotty.

In addition, sometimes sectors are described in relative terms to the previous report, e.g.,
“gaining” or “slowing down.” In these cases, we use the classification of Correia et al. (2022)
and extend it to include additional descriptive words.

To create a numerical index, we assign a value of 0 if the rating is bad, 50 if the rating
is fair, and 100 if the rating is good. We average the data in each sector at the city-month
level, our frequency of interest. To create a combined index of wholesale trade, retail trade,

and manufacturing, we take a simple average of the monthly index for the three sectors.
F.5 AGGREGATE TIME SERIES

e City population estimates: U.S. Census (1900, 1910, 1920, 1930, 1940).

e Compensation of Employees: U.S. Bureau of Economic Analysis, Compensation of
Employees: Wages and Salary Accruals [WASCUR], retrieved from FRED, Federal
Reserve Bank of St. Louis, October 3, 2024.

— Data Variable: Compensation of Employees: Wages and Salary Accruals [WAS-
CUR]
— Units: Billions of Dollars, Quarterly, Seasonally Adjusted Annual Rate
— Time Period: 1955 to 2024
e Consumer Price Index: U.S. Bureau of Labor Statistics, Consumer Price Index for

All Urban Consumers: All Items in U.S. City Average [CPIAUCNS], retrieved from
FRED, Federal Reserve Bank of St. Louis, October 3, 2024.

— Data Variable: Consumer Price Index for All Urban Consumers: All Items in U.S.
City Average [CPIAUCNS]
— Units: Index (1982-1984 = 100), Monthly, Not Seasonally Adjusted
— Time Period: 1955 to 2024
e Total nonfarm payroll: U.S. Bureau of Labor Statistics, All Employees, Total Nonfarm
[PAYEMS], retrieved from FRED, Federal Reserve Bank of St. Louis, October 3, 2024.
— Data Variable: All Employees, Total Nonfarm [PAYEMS)]
— Units: Thousands of Persons, Monthly, Seasonally Adjusted
— Time Period: 1955 to 2024
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Figure F3: Help-Wanted ads vs. City-Level Bradstreet Indicators, Jan. 1900 to Dec. 1938
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e The unemployment rate and labor force are obtained from Petrosky-Nadeau and Zhang

(2021).

e Labor productivity: We construct the measure of labor productivity from January
1884 to December 1940 as follows:

— Indexes of national productivity, by sector and type of input: 1889-1957, from His-
torical Statistics of the United States (Table Cg265-272, base year=1929. Source:
Kendrick (1961), and Kendrick (1973)).

— The Miron-Romer monthly index of industrial production, January 1884-December
1940, not seasonally adjusted, from Historical Statistics of the United States (Ta-
ble Cb28-31, base year=1909. Source: Miron and Romer (1990) with corrections
to the original supplied by the authors). In addition, we seasonally adjust the
series with the X-11-ARIMA program from US Census Bureau.

— A monthly labor productivity series from January 1884 to December 1940 is con-
structed by temporally disaggregating the annual productivity series with a Den-
ton proportional first difference procedure and the monthly industrial production

series as indicators.

e Vacancy Rate: Job Vacancy Rate (%): SF Fed Data Explorer, Federal Reserve Bank
of San Francisco. Retrieved September 15, 2024; based on Petrosky-Nadeau and
Zhang (2021). https://www.frbsf.org/research-and-insights/data-and-indicators/sffed-
data-explorer/ located with chart code 41s022815018000022000000000000.

— Data Variable: Job Vacancy Rate
— Units: Percent, Monthly
— Time Period: 1919 to 2024

e City-Level Newspaper Circulations: Gentzkow, Matthew, Jesse M. Shapiro, and Michael
Sinkinson. 2014. United States Newspaper Panel, 1869-2004. Inter-university Consor-
tium for Political and Social Research, December 10. https://doi.org/10.3886/ICPSR30261.v6.

— Data Variable: Circulation
— Units: Circulation (Number of Copies)
— Time Period: 1900 to 1940
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Table B1: Frequency of Occupations on May 11, 1930 (Situation Wanted Column
Removed)

Los Angeles Times, total ads = 907

Occupation category Help wanted California US Census

Agriculture, fishing and forestry <1 14
Extraction of minerals 0 2
Manufacturing and mechanical industries ) 25
Transportation and communication <1 8
Trade 34 17
Public Service <1 2
Professional Service 8 9
Domestic and personal service 22 11
Clerical 15 10
No category 14 -

Chicago Tribune, total ads = 837

Occupation category

Help wanted

Ilinois US Census

Agriculture, fishing and forestry <1 11
Extraction of minerals 0 2
Manufacturing and mechanical industries 6 32
Transportation and communication <1 9
Trade 59 15
Public Service 0 2
Professional Service 6 7
Domestic and personal service 9 10
Clerical 11 12
No category 10 -

New York Times, total ads = 2347

Occupation category

Help wanted New York US Census

Agriculture, fishing and forestry <1 5
Extraction of minerals 0 <1
Manufacturing and mechanical industries 3 34
Transportation and communication <1 9
Trade 56 16
Public Service <1 2
Professional Service 13 8
Domestic and personal service 14 13
Clerical 13 14
No category <1 -
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Table D1: Changes of Ad Headers Over Time and Across Newspapers

Los Angles Times

Chicago Tribune

New York Times

Atlanta Constitution

Washington Post

January 1, 1900
March 22, 1905
December 4, 1909
October 1, 1910
February 22, 1911
February 22, 1918
April 8, 1920
February 11, 1922
January 14, 1931
May 29, 1931
September 3, 1931
October 22, 1932
February 13, 1938

January 1, 1900
March 26, 1930

January 1, 1900
June 16, 1903
February 20, 1904
May 22, 1907
May 4, 1908
November 19, 1908
March 20, 1909
October 7, 1909
May 9, 1910
August 22, 1910
April 7, 1911
April 11, 1911
June 9, 1912
August 10, 1912
May 8, 1915

May 14, 1915
October 4, 1915
February 10, 1916
October 12, 1916
March 29, 1926

January 1, 1900
January 31, 1903
October 17, 1904
March 26, 1907
January 28, 1909
January 18, 1910
June 15, 1913
November 24, 1913
September 27, 1918
January 16, 1921
April 11, 1921
September 19, 1923
March 20, 1924
January 1, 1930

January 1, 1900
June 1, 1903

April 15, 1906
April 11, 1908
April 6, 1915

April 3, 1926
March 25, 1930
September, 29, 1931
February 24, 1936

Table D2: Scope of Work

Images Labor Images  Ads Labor Ads
New York Times 204,667 24,991 7,281,776 1,217,013
Chicago Tribune 42,865 8,656 11,812,803 2,128,634
Los Angeles Times 211,206 16,775 6,980,407 1,052,724
Atlanta Constitution 20,247 3,039 1,292,977 268,919
Washington Post 140,445 2,816 2,505,114 270,146

Table D3: Accuracy for Sub-periods: Comparison with Manual Counts

1st Tertile = Median 3rd Tertile
Atlanta Constitution (1900-1929) | 0.03 0.04 0.07
Washington Post (1900-1925) 0.01 0.02 0.04

Notes. Errors between machine and manual counts computed according to equation (1).
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Table D4: Summary statistics of data input for the machine learning model.

Period Category Number of images
1925-1930 Total 4446

Help wanted 1103

Other headers 2153

Non-header 1182
1931-1938 Total 4667

Help wanted 730

Other headers 2545

Non-header 1202

Table F1: Female-male Ratio: Help-wanted Ads vs. Employed

1900 1910 1920 1930

Aggregate HW Ads 0.76  0.68 0.82 0.63
Employed  0.22 027 0.26 0.28

New York HW Ads 0.63 052 0.83 0.69
Employed 029 033 034 0.34

Chicago HW Ads 0.76 065 0.80 0.42
Employed 020 023 026 0.29

Los Angeles HW Ads .20 1.03 0.78 0.83
Employed  0.16 0.19 0.23  0.29

Atlanta HW Ads 0.37  0.29 0.57  0.57
Employed 0.34 044 034  0.37

Washington D.C.  HW Ads 0.78 1.52 093 0.63
Employed 048 050 0.65 0.57

Notes: Labor force data from the U.S. Census Historical Statistics of the United States, Colonial
Times to 1970, Table D26-28. Census data measures “gainful workers” at state level, except for the
District of Columbia. Aggregate refers to the population-weighted average of the five cities for the
newspaper indices and all gainful workers in the total U.S. for the employed.
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Table F2: City Population Estimates by U.S. Census

Year New York Chicago Los Angeles Atlanta Washington D.C.
1900 3.4 1.7 0.1 0.1 0.3
1910 4.8 2.2 0.3 0.2 0.3
1920 5.6 2.7 0.6 0.2 0.4
1930 6.9 3.4 1.2 0.3 0.5
1940 7.5 3.4 1.5 0.3 0.7

Note: Decennial Census city populations, in millions
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