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Abstract
Autor and Dorn (Am Econ Rev 103(5):1553–1597, 2013) provide an explanation of
the polarization of US employment and wages for the period 1980–2005. Using the
1980 Census and 2005 American Community Survey data, this study replicates the
estimation results of Autor and Dorn (2013) for employment polarization in all major
occupation groups and qualitatively matches the wage polarization results. Also, we
investigate the puzzle of why employment and wages changed in opposite directions
only in clerical and administrative support occupations in 1980–2005.

Keywords Routine task-intensive occupations · Routine employment share · Wage
polarization
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1 Introduction

Although Autor and Dorn (2013) test a hypothesis to explain the concurrent polariza-
tion of employment and wages, a question remains unanswered:Why did employment
and wages change in the opposite direction only in clerical and administrative support
occupations in 1980–2005?1 The purpose of this replication study is to investigate

1 Autor and Dorn (2013) show that only clerical employment and wages moved strongly in opposite
directions, exhibiting a pattern opposite to those of the other five broadly classified occupations that the
authors consider.
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the robustness of two major findings of Autor and Dorn (2013) related to changes
in occupational employment shares and wage levels during 1980–2005. Additionally,
using the researchers’ framework and data, we attempt to understand why in routine
task-intensive occupations such as clerical, administrative support, and retail sales,
employment and wages changed in opposite directions.

During the period 1980–2005, the employment share of clerical, administrative sup-
port, and retail sales occupations declined about 8%, whereas hourly wages increased
approximately 7.4%.2 To explain these results Autor and Dorn (2013) argue that the
increase in wages of clerical workers in that period was probably not due to the rise in
demand for routine task-based jobs. Hence, the wage growth in clerical, administrative
support, and retail sales occupations is most likely due to the selection of displaced
workers from routine task-intensive occupations from 1980 to 2005. One of the pri-
mary motivations of this study is to test this hypothesis empirically and also provide
supportive empirical evidence.

We contribute to analyzing this puzzle of inconclusive evidence of falling demand
for highly routine task-based occupations by studying the relative displacement of
skilled and unskilled workers within such occupations. Also, we estimate the impact
of the 1980’s routine occupation share of a local labor market on the wage growth from
1980–2005 in various quantiles of the wage distribution function. First, we show that
only the least productive non-college-educated workers were displaced in the cleri-
cal occupations. In contrast, the employment share of relatively more skilled workers
increased during the same period. Hence, the workers’ average productivity in cleri-
cal and administrative service occupations increased, explaining why the correlation
between changes in aggregate employment and wages is positive only in clerical occu-
pations for the period 1980–2005.

Second, we empirically test the hypothesis that the least productive non-college-
educated workers were displaced in the clerical occupations because the rapid increase
in personal computer adoption rate in work during 1980–2005 replaced many rou-
tine task-intensive clerical jobs which are in general performed by those low-skill
workers. Third, using the Chetverikov et al. (2016)’s instrumental variable quantile
regression (IVQR) method, we provide additional information on why the average
wage in clerical and administrative support occupations increased during 1980–2005.
The IVQR estimates suggest that the wage gains of the relatively more productive
non-college-educated workers who belong to the upper-tail of the wage distribution
are approximately 57% more compare to the median workers. As a result, the average
wage of the least productive low-skilled clerical workers increased during the period
1980–2005.

Fourth, consistent with the finding of non-random selection of displacement of
noncollege workers in clerical occupations, the IVQR results also show that the wages
of the least productive non-college-educated workers marginally decreased during
the period 1980–2005. In contrast, the decline in wages of least efficient noncollege
workers in two other high routine content occupation groups are sufficiently large to
lead to a negative wage effect, which Autor and Dorn (2013) find in their Table 7

2 As shown in Appendix Table 1, the employment share of clerical, administrative support, and retail sales
occupations fell from 22.2 to 20.4, and hourly wages increased from 2.42 to 2.60.
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Panel B. These results also help to explain why the wage effect of the 1980’s routine
occupation share is positive only in clerical and administrative support occupations in
1980–2005 and negative in twoother high routine content occupation groups, precision
production and craft, and machine operators and assemblers.

To summarize, this study replicates the Autor and Dorn (2013) estimation results
of wage and employment polarization. Also, we provide empirical evidence of non-
random selection of workers displaced in highly routine task-intensive occupations
during the period 1980–2005, which can entangle the puzzle of why wages increased
despite routine employment shares declined only in administrative support and retail
occupations. Furthermore, using the IVQR method, we find that the average wage
growth from 1980–2005 in clerical occupations is positive because workers who
belong in the wage distribution’s upper-tail experienced significant wage growth.

The outline of the paper is as follows. Before presenting our empirical results in
Sect. 3, we first describe the Autor and Dorn (2013)’s framework and Chetverikov
et al. (2016)’s instrumental variable quantile regression model in Sect. 2 since we use
these two approaches to obtain the estimation results.We conclude the paper in Sect. 4.

2 Econometric model

To investigate the question, why employment and wages change in the opposite direc-
tion only in clerical and administrative support occupations, first, we use the empirical
model Autor and Dorn (2013) have used for explaining the job polarization in the U.S.
from 1980 to 2005. Next, we move beyond the linear regression model and imple-
ment Chetverikov et al. (2016)’s IVQR method to provide supportive evidence of our
empirical findings from the Autor and Dorn (2013) approach.

2.1 Autor and Dorn (2013) framework: employment and wage changes inmajor
occupations

Autor and Dorn (2013) use census microdata to calculate the mean wage within each
commuting zone (CZ) and find that employment share declines in production and
operation occupations among low-skill males and clerical and sales staff among non-
college-educated female workers. However, to explain the differential wage changes
among unskilled workers in low-skill service and routine task-intensive occupations,
Autor andDorn (2013) use individual-level data from1980Census and 2005American
Community Survey (ACS) data and estimate the followingwage equation using 2SLS:

lnwi jskt = γ jk + λk

{
RSHj,1980 × 1

[
t = 2005

]} + X ′
iβt + δkt + φst + ei jkt (1)

where subscript i denotes workers, j represents commuting zones, s denotes states,
k is the occupation, and the time period is t ∈ {1980, 2005}. RSHj,1980 denotes the
1980’s employment share in routine task-intensive occupations in a commuting zone
j . The notation γ jk denotes commuting zone-occupation group fixed effects and δkt
and φst are the time trends for occupation groups and states.
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The set of control variables X includes an intercept, an interaction between the
time dummy and the share of workers in an occupation group whose 1980 wage was
below the federal or state minimum wage of 2005, nine dummies for education levels,
a quadratic term of potential experience, dummies for married, nonwhite, and foreign-
born, and interactions of all individual-level controls with the time dummy. The pooled
model includes a female dummy and its interaction termwith the time dummy. Hourly
wages are defined as yearly wage or salary income divided by the product of weeks
worked and usual weekly hours. The coefficient of interest λk measures the impact
of a CZ’s routine employment share in 1980 on wage growth during 1980–2005,
and the model is estimated for each occupation group k separately.3 Following Autor
and Dorn (2013), we have deflated the hourly wage variable by the national Personal
Consumption Expenditure index, which does not account for local or regional price
levels. We report the CZ-level clustered standard errors because RSH does not vary
within commuting zones.

To address the endogeneity concern regarding what determines the differences in
production structure acrossCZs,Autor andDorn (2013) consider the industry structure
(El, j,1950) in the 1950s to estimate the long-run quasi-fixed component of routine

occupation share (˜RSH ) for each CZ by using the following expression:

˜RSH j =
L∑

l=1

El, j,1950 × Rl,− j,1950 (2)

where Rl,− j,1950 denotes the national routine occupation share in industry l in the
1950s.4 Thismeasure ismost likely a valid instrument because it was determined three
decades prior to 1980, and hence, we expect it to be uncorrelated with unobserved
local labor market factors reflected in ei jkt in Eq. (1). Autor and Dorn (2013) show
that this instrument has strong predictive power for explaining regional variation in
routine occupation shares in 1980.

To validate our empirical approach for investing the puzzle Autor and Dorn (2013)
point out in their Table 7, first we use the regression model in Eq. (1) and instrument,
˜RSH j to replicate their empirical results. Autor and Dorn (2013) provide both data
and Stata codes for all the tables in their article except Table 7, probably because
of the massive size of the data file. That is why we show the replication results for
Tables 1–6 of Autor and Dorn (2013) in the Appendix and focus only on Table 7
of the original article, which shows the employment and wage polarization results.
Specifically, in Table 7 of the original article, Autor and Dorn (2013) show the impact
of the 1980’s routine occupation share in a CZ on the changes in employment and
wages of non-college-educated workers in six major occupation groups.

To replicate theAutor andDorn (2013)’s Table 7 results, we draw observations from
the 1980 Census and 2005 American Community Survey (ACS) and exclude self-

3 The six occupation groups are (i) service, (ii) transportation, construction, mechanics, mining, and farm-
ing, (iii) managers, professional, finance, and public safety, (iv) administrative support and retail sales, (v)
precision and production craft workers, and (vi) machine operators and assemblers.
4 In Eq. (2), the subscript − j implies that to calculate ˜RSH j , Autor and Dorn (2013) do not include the
state s to which the CZ j belongs.
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employed workers and farm-workers. We also follow all the data cleaning procedures
that are described in the Appendix of Autor and Dorn (2013).5 In Table 1, we report
Autor andDorn (2013)’s Table 7 replication results. The two panels of Table 1 show the
impact of CZ’s routine-intensity on employment and wage growth during 1980–2005
estimated using Eq. (1). As shown in the upper panel of Table 1, we have matched all
the coefficients and standard errors of the original article’s employment polarization
results.6 Thus, similar to Autor and Dorn (2013), we also find that between 1980 and
2005, noncollege employment share within a commuting zone declines in all three
high routine intensive occupations: administrative support, production, and machine
operators. The decline in employment share was more pronounced in production and
operator occupations amongmen and in clerical and sales occupations among women.

The lower panel of Table 1 shows the replication results of wage polarization, which
is shown in the lower panel of Table 7 in Autor and Dorn (2013). We obtain those
estimates using the 2SLS regression models for six occupation groups separately. The
2SLS point estimate of 0.35 for clerical, administrative support and retail sales occu-
pations implies that a CZ’s 10 percentage point higher routine employment share in
1980 induced a 3.5 percentage point of wage growth of clerical workers during the
period 1980–2005. Similar toAutor andDorn (2013), we have also found that thewage
effects are uniformly positive for all three occupation groups with low routine task
content in columns 1–3. However, the point estimates for transport, construct, mechan-
ics, mining, and farm occupations reported in column 2 are not significant. In sum,
the three occupation categories with low routine content experienced heterogeneous
growth in noncollege employment and wages during 1980–2005.

Thewage estimates for occupations with high routine content experienced differen-
tial growth than the three low routine content occupation groups. As shown in column
6 of Panel B in Table 1, the wage effects for operative and assembler occupations are
negative and similar in magnitude (but opposite in sign) to the estimates for admin-
istrative support occupations. The column 5 wage estimates for precision production
and craft occupations are uniformly negative but are not statistically significant. There-
fore, similar to Autor and Dorn (2013) Table 7 results, we also find that the clerical
employment and wages changed in opposite directions in routine task-intensive labor
markets, and this pattern of change is incompatible with the other five occupations
groups.

2.2 Instrumental variable quantile regressionmodels

The motivation of using the IVQR approach is to estimate the heterogeneous impacts
of the initial routine employment share in a local labor market on the wage growth
across the wage distribution function of clerical workers. We use these distributional
wage effect results to infer the average wage effect estimated by Autor and Dorn
(2013) in Table 7. Furthermore, estimating the distributional wage effects for two other
high routine content occupation groups, precision production and craft, and machine
operators and assemblers, we investigate why the wage effect in routine occupation

5 We briefly describe the data cleaning procedures in the “Appendix”.
6 Autor and Dorn (2013) show employment polarization results in Table 7 panel A.
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share is positive only in clerical occupations among the three high routine content
occupation groups.

Using Chetverikov et al. (2016)’s IVQR method, we estimate the impact of 1980’s
routine intensity in a CZ on the wage growth of clerical workers in various quantiles
of the wage distribution function. To apply the IVQR method, we slightly modify
the Autor and Dorn (2013)’s linear regression framework and estimate the following
equation:

�lnw̄ j t = γ̃ j t + λ̃τ RSHj1980 + X ′
j1980β̃τ + δ̃t=2005 + ẽ j t (3)

where the subscript j denotes commuting zones, t represents the decade 1980–2005,
and s denotes states.7 Hence, in this setup, a group is the combination of j and t which
represents a given CZ in the given decade 1980–2005.8

The variable of interest RSHj1980 represents 1980’s employment share of routine
task-intensive occupations in a commuting zone j , and X j1980 are characteristics of
the CZs used in Autor and Dorn (2013) and δ̃t=2005 is a time dummy for the end
period 2005. The dependent variable �lnw̄ j t denotes the change in log hourly wage
from 1980 to 2005 within a commuting zone j . However, to implement the grouped
IV quantile regression method, we follow the Chetverikov et al. (2016) approach and
replace �lnw̄ j t in Eq. (3) with �lnwu

jt , the change in the u-quantile of log wages in
the CZ for the decade 1980–2005.

The coefficient of interest λ̃τ represents the impact of the 1980’s RSH on the wage
growth during the period 1980–2005 at the τ th quantile of the wage distribution. A
concern in the above linear quantile regression model is that the 1980’s growth of
low-skill service occupations in a local labor market is probably correlated with the
unobserved labor demand shocks in the subsequent periods. To address this endo-
geneity concern, we use the Autor and Dorn (2013)’s instrument ˜RSH j because, as
we discussed, it is most likely uncorrelated with a local labor market’s unobserved
heterogeneity and strongly correlated with the 1980’s RSH in a commuting zone j .9

3 Results

To provide a plausible explanation of the countervailing directions of change in clerical
employment and wage growth in routine task-intensive labor markets, first, we present
some empirical evidence of non-random displacement of least productive noncollege
workers from administrative occupation. Furthermore, using the IVQR models, we
estimate the distributional impacts of 1980’s RSH on wage growth of both college
and noncollege workers separately to infer about the average wage effects obtained
by Autor and Dorn (2013).

7 Unlike Eq. (1), we do not have the notation k in Eq. (3) because we estimate this model only for the
administrative support occupations.
8 We have 722 CZ-level observations in both periods 1980 and 2005. Hence, �lnw̄ j t also have 722
commuting zone-level observations for the decade 1980–2005.
9 Note that the instrument ˜RSHg is defined in Eq. (2) and also described in Sect. 2.1.
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Table 2 College and non-college workers employment ratio in the administrative support, retail sales
occupations during the period 1980–2005

1980 1990 2000 2005 1980–2005

Panel A: Labor supply ratio in All CZs

All 0.254 0.230 0.222 0.209 −0.044

College graduate 0.117 0.136 0.140 0.133 0.016

HS graduate and HS dropout 0.137 0.095 0.082 0.077 −0.060

College grad/ HS grad and HS dropout 0.851 1.436 1.720 1.735 0.883

Panel B: Employment ratio in CZs above median RSH in 1980

All 0.254 0.230 0.222 0.209 − 0.045

College graduate 0.117 0.136 0.140 0.133 0.016

HS graduate and HS dropout 0.137 0.095 0.082 0.076 −0.061

College grad/ HS grad and HS dropout 0.852 1.437 1.722 1.737 0.885

Panel C: Employment ratio in CZs above median RSH in 1980

All 0.202 0.200 0.205 0.204 0.002

College graduate 0.082 0.106 0.116 0.116 0.034

HS graduate and HS dropout 0.120 0.094 0.089 0.088 −0.032

College grad/ HS grad and HS dropout 0.680 1.121 1.309 1.318 0.638

To aggregate the data at CZ-level, we weight observations by the product of labor supply weight and a CZ’s
geographical weight based on national share of population

3.1 Evidence of non-random displacement of low skill workers

This study’s primary motivation is to explain why wages increased and routine
employment shares fell only in administrative support and retail occupations during
1980–2005. To address this question, we examine the change in the employment share
of different types of workers based on education and wage within clerical occupations
during the period 1980–2005. Following Autor et al. (2008) we classify college and
post-college graduates as skilled workers and all noncollege graduates as unskilled
workers. As an alternative measure, following Autor and Dorn (2013) we use wage
as a proxy of workers’ skill levels. The results from both these measures are shown in
Tables 2 and 3.

In the top panel of Table 2, we report the changes in the employment share of
college and noncollege workers from 1980 to 2005. As shown, the employment share
of collegegraduateworkers increased approximately 14%. In contrast, the employment
share of noncollege graduate workers decreased approximately 44%.10 That is why
the high skill to low skill employment ratio increased from 0.85 in 1980 to 1.74
in 2005. Therefore, these results suggest that the overall employment declined in
the administrative support and retail sales occupations over the period 1980–2005
mainly because of the displacement of relatively less-skilled workers in those clerical
occupations.

10 As shown in Table 2, during the period 1980–2005, the employment share of noncollege workers
decreased by −0.60, which is approximately 44% (= −0.060/0.137), and college workers increased by
0.016, which is around 14% (= 0.016/0.117).

123



P. Ghosh, Z. Liu

Table 3 Fraction of workers in the administrative support, retail sales occupations during the period 1980–
2005

1980 1990 2000 2005 1980–2005

Panel A: All CZs

Minimum wage to 10 0.381 0.328 0.270 0.251 −0.130

Hourly wage 10–15 0.322 0.341 0.329 0.308 −0.013

Hourly wage 15–20 0.157 0.167 0.194 0.203 0.046

Hourly wage 20 and above 0.140 0.165 0.208 0.238 0.098

Panel B: CZs above Median RSH in 1980

Minimum wage to 10 0.366 0.310 0.254 0.236 −0.131

Hourly wage 10–15 0.327 0.345 0.329 0.306 −0.021

Hourly wage 15–20 0.161 0.173 0.200 0.209 0.048

Hourly wage 20 and above 0.146 0.172 0.217 0.250 0.104

Panel C: CZs below Median RSH in 1980

Minimum wage to 10 0.510 0.505 0.433 0.399 −0.111

Hourly wage 10–15 0.275 0.297 0.323 0.333 0.058

Hourly wage 15–20 0.120 0.106 0.132 0.143 0.023

Hourly wage 20 and above 0.095 0.092 0.111 0.125 0.030

To obtain the real hourly wage rate, we deflated the nominal hourly wage variable by the national Personal
Consumption Expenditure index. Based on the real hourly wage, we classify the administrative support
workers into four groups, as shown in the table. Each group represents the share of all administrative
workers within a CZ

To provide further evidence of non-random displacement of noncollege workers
in administrative support occupations, we classify the CZs in two groups based on
above and below national median RSH in 1980, and the summary statistics results
are reported in panels B and C, respectively. Consistent with our intuition, we find
that the change in high-to-low skill employment ratio is approximately 28% higher in
community zones with an initially larger routine task-intensive employment shares.11

These results support our initial claim that relatively less-skilled workers were most
likely displaced from the administrative support occupations and also address the
concern that an increase in the high-to-low-skill ratio could be due to only an expansion
of high-skilled workers.

In Table 3, we use the measure hourly wage rate as a proxy of workers’ skill
level to classify them into four groups and report the trends of employment share
of those groups during 1980–2005.12 Consistent with the findings in Table 2, the
Table 3 top panel results show that the employment share of relatively less efficient
workers whose hourly wages are between the state minimum wage and 15 dollars was
decreased by −0.14. In contrast, the employment share of relatively more productive
workers whose hourly wages are above 15 dollars moved in strongly countervailing

11 As shown in Panel B and Panel C of Table 2, the high-to-low-skill labor supply ratio in above-median
CZs is 0.247 (= 0.885-−0.638) more than the CZs, which had RSH below the national median in 1980.
12 These four groups are: (i) minimum wage to 10 dollars, (ii) 10–15 dollars, (iii) 15–20 dollars, and (iv)
equal and more than 20 dollars.
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directions in clerical and administrative support occupations and increased by 0.14.
Furthermore, comparing the panel B and C results, we find that this pattern of changes
in the employment share of more productive and least efficient workers is stronger in
community zones with initially larger routine task-intensive employment shares.

Since Autor and Dorn (2013) show that the pattern of opposite employment and
wage effects is unique to administrative support and retail sales occupations, one con-
cern is whether the non-random displacement of noncollege workers also occurred in
twoother high routine content occupation groups (i) precision production and craft, and
(ii) machine operators and assemblers. To address this concern, we repeat the Tables 2
and 3 results for two other high routine content occupation groups and report the results
inAppendix Tables 7–10. These descriptive statistics results show that a similar pattern
of non-random displacement of low-skill workers that we find in Tables 2 and 3 did
not occur in two other high routine content occupation groups. Hence, these findings
strengthen our argument.13 To summarize, Tables 2 and 3 descriptive statistics results
from two separate skill measures unanimously suggest that the average productivity
of the workers in clerical and administrative support occupations increased during
1980–2005 because the relatively less efficient non-college-educated clerical workers
were displaced.

3.1.1 Mechanism

To examine a channel why the least productive clerical workers were displaced in
clerical and administrative support occupations, we explore how rapid changes in the
personal computer (PC) adoption rate in work during 1980–2005 affected the high-
to-low-skill employment ratio and report the results in Table 4. The intuition of this
mechanism is that the rapid technological innovations related to the cost of computers
drove PC adoption at work in 1980–2005 and that eventually replaced many routine
task-intensive jobs. Therefore, the workers who performed highly routine tasks lost
their jobs in clerical occupations.

We follow the Basso et al. (2020) approach to construct a measure of computer
adoption at the commuting zone level, which represents the fraction of workers who
uses computers at work in a given industry within a CZ. We use a simple linear
regression model to estimate the impact of PC adoption rate on the employment ratio
of high skill over low skill workers.14 A threat to the OLS identification approach is
that the changes in computerization rate aremost likely correlated with the unobserved
demand shocks related to the employment ratio of skilled and unskilled workers in
a local labor market. Therefore, we employ an instrumental variable strategy that
accounts for the potential endogeneity of computerization.

13 As shown in Appendix Tables 7 and 8, the employment share of both college and noncollege workers
decreased in two other high routine content occupation groups. We do not observe this pattern in adminis-
trative support and retail sales occupations in Table 3. Furthermore, Comparing the results of Table 3 with
Appendix Tables 9 and 10, we find that the pattern of changes in the employment share of more productive
and least efficient workers in clerical occupations is different than the pattern we observe in two other high
routine content occupation groups.
14 The data for personal computer adoption rate in work in the US and the measure of computerization are
discussed in the Appendix.
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To construct an instrument for changes in PC adoption rate (PCUS
j,t ) in the US,

we follow a similar approach of Autor et al. (2013) and Acemoglu and Restrepo
(2017). Specifically, we construct an instrument variable (PCEU

j,t ) for the US exposure
to computerization using an analogous measure constructed from the PC adoption in
high-income European countries and 1950’s industry structure in the US. The con-
struction of this Bartik-type instrumental variable is shown in “Appendix”. We present
the first-stage estimates for the instrumental variable in Appendix Table 15 and show
that the predictive relationship between PCUS

j,t and PCEU
j,t is sizable and highly sig-

nificant even at 1 percent level. The first-stage F-stat and the Kleibergen-Paap Wald
weak IV test result suggest that our IV is not weak. We provide a discussion on the
validity of the instrument in the Appendix.

The 2SLS estimates in columns 1 and 2 confirm that the changes in PC adoption
rate are positively associated with the loss of employment of high-skill and low-skill
workers in administrative support and retail sales occupations. However, the impact
of the �PC adoption rate is much higher for low-skill workers because automation
replaced many routine task jobs. As a result, in column 3, we find that the impact
of �PC rate in 1980–2005 is positive and statistically significant, suggesting that
the rapid changes in computerization during 1980–2005 displaced more low-skilled
workers than high-skilled workers in clerical occupations.

Based on our findings in Tables 2 and 3, we infer that clerical workers’ wages
increased in 1980–2005, most likely not due to the rise in demand for routine task-
based jobs. Instead, because of the non-random selection of displaced noncollege
workers from the routine task-intensive occupations. Autor and Dorn (2013) argue
that the selection of displaced low-skill workers is probably because the traditional
clerical tasks are replaced because of automation.Our Table 4 results provide empirical
evidence of this hypothesis. Therefore, the remaining clerical and administrative jobs
have become more skill demanding and less routine task intensive. This phenomenon
can explain why the correlation between changes in aggregate employment and wages
is positive in clerical occupations from 1980 to 2005.

3.2 Distributional impacts of RHS on change in wages from 1980–2005

To provide supportive evidence of non-random displacement of noncollege workers in
clerical occupations, we implement the IVQRmodels introduced by Chetverikov et al.
(2016). In Table 5, we report the IVQRpoint estimates of RSHj1980 on thewage growth
from1980 to 2005 for five quantiles of thewage distribution. The robust standard errors
are clustered by state, and observations are weighted by a CZ’s share of the national
population in 1980. The upper panel results for skilled workers show that the 1980’s
routine employment share in aCZpositively affected thewage gains from1980 to 2005
in the 10th quantile and above of the wage distribution of college workers in routine
task-intensive occupations. However, there is a considerable variation in wage gains
across the wage distribution. As shown, the IVQR point estimate at the median is 0.77,
which is approximately four times the marginal impact at τ = 0.1 and approximately
half of the point estimate at τ = 0.9.
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Table 5 IVQR estimates of the 1980’s routine occupation share on the change in conditional wage distri-
bution from 1980 to 2005 for college and noncollege workers

10th quantile 25th quantile 50th quantile 75th quantile 90th quantile

College workers

Share of routine occs 0.205 0.846 0.772 0.936 1.577

(0.304) (0.245) (0.229) (0.256) (0.234)

All other controls Yes Yes Yes Yes Yes

No of observations 1444 1444 1444 1444 1444

Noncollege workers

Share of routine occs − 0.103 0.284 0.562 0.464 0.884

(0.229) (0.194) (0.155) (0.198) (0.251)

All other controls Yes Yes Yes Yes Yes

No of observations 1444 1444 1444 1444 1444

The IV quantile regression point estimates are obtain from the Chetverikov et al. (2016) method. The
dependent variable is change in log hourlywages of noncollegeworkers from1980 to 2005. The independent
variable is the routine occupation share in 1980, which is instrumented by the 1950’s industry mix measure.
Observations are weighted by a commuting zone’s share on national population at the initial period, 1980.
Robust standard errors are clustered by state. The control variables are the same as Table 7 panel A in the
Autor and Dorn (2013)

The IVQR estimates of noncollege workers in Table 5 show that the impact of the
1980’s RSH on wage growth at the 10th quantile is −0.10, suggesting that the real
wageof the least productive non-college-educated clericalworkers declined about 10%
probably because of automation. The intuition is that the least efficient low-skilled
workers probably did not have the skills to adjust with automation and hence their
relative productivity fell compare to others during the period 1980–2005. Furthermore,
to investigate whether similar pattern wage growth in clerical occupations also exists
in the other two occupational groups with a high routine content, we report the IVQR
results for two other routine task-intensive occupation groups, (i) machine operators
and (ii) precision production and craft in Appendix Table 11. We find that the decline
in wages in the lower half of the skill distribution in these two high routine content
occupation groups are sufficiently large to lead to a negative wage effect on average,
which Autor and Dorn (2013) find in Table 7.

In addition to Table 5 results, we report the IVQR estimates for the entire wage
distribution in Fig. 1. Specifically, in the two panels of Fig. 1, we separately show the
IVQR point estimates for skilled and unskilled workers at τ ∈ {0.05, 0.1, . . . , 0.95}
along with pointwise 95% confidence intervals. Figure1 shows that the IVQR esti-
mates monotonically increase along with the wage distribution of skilled workers
and unskilled laborers within the clerical and administrative support occupations. As
shown in Panel A, the IVQR estimates of high-skilled workers are approximately
constant at 0.75 from 25th to 80th quantile, and lie in between 1.45 to 1.82 in the
upper-tail of the wage distribution. In contrast, in Panel B, we see that the impact of
1980’s RSH on the wage growth of low-skilled workers is negative in the lower tail
of the distribution, lies in between 0.45 and 0.60 in the middle, and is greater than
0.75 in the 85th quantile and above.
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Fig. 1 Effect of routine task-intensive employment share on conditional wage distribution, 1980–2005.
The IV quantile regression point estimates are obtain from the Chetverikov et al. (2016) method. The
dependent variable is change in log hourlywages of noncollegeworkers from1980 to 2005. The independent
variable is the routine occupation share in 1980, which is instrumented by the 1950’s industry mix measure.
Observations are weighted by a commuting zone’s share on national population at the initial period, 1980.
Robust standard errors are clustered by state

Autor and Dorn (2013) only consider non-college-educated workers to explain the
wage polarization and employment polarization in the US. Our IVQR results suggest
that Autor and Dorn (2013)’s estimated average positive effect of the 1980’s routine
occupation share is primarily driven by large positivemarginal effects for non-college-
educated clerical workers in the upper tercile of the distribution. As shown in the right
panel of Fig. 1, the marginal effects in the upper-tail of the wage distribution are
approximately one and a half times as large as the average effect. Furthermore, the
IVQR point estimates in the left panel of Fig. 1 suggest that similar results also hold for
college-educated clerical workers. As shown, most productive skilled workers within
the routine-task intensive occupations obtained the maximum wage growth because
of the automation.

4 Conclusion

In Table 1, we show that our replication results of employment polarization across six
major occupation groups are identically matched with Autor and Dorn (2013). The
wage polarization replication results are also almost the same as the original article’s
Table 7 panel B results. In addition, the Tables 2 and 3 summary statistics results
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unanimously show that relatively less productive low-skill workers in clerical, admin-
istrative support, and retail sales occupationswere displaced in 1980–2005, suggesting
that the average productivity of the clerical worker went up during that period. As a
result, the average hourly wages increased by approximately 7.4% despite routine
employment shares fell about 8% in administrative support and retail occupations
during the period 1980–2005. Furthermore, we show a plausible mechanism why the
least productive noncollege workers were displaced in clerical occupations. Specif-
ically, we show that the replacement of many routine task-intensive clerical jobs is
associated with the rapid expansion of computer adoption in work during 1980–2005.

Using the Chetverikov et al. (2016)’s instrumental variable quantile regression
approach, we provide further evidence of the non-random displacement of workers in
clerical and administrative support occupations during 1980–2005. Specifically, the
IVQR results show that the wage gains of non-college-educated workers are positive
throughout the wage distribution except for its lower tail. Furthermore, the effect
of the 1980’s routine occupation share on average wage growth from 1980–2005 in
clerical, administrative support, and retail sales occupations is positive because of the
large wage gains of non-college-educated workers in the upper tercile of the wage
distribution. Therefore, our IVQR estimation results provide additional supportive
evidence of why clerical workers’ average wage increased during 1980–2005.

To conclude, the displacement of less-productive labor and high returns of relatively
more efficient non-college-educated clerical workers can explain the puzzle of why
the average wage increased despite routine employment shares fell in administrative
support and retail occupations during 1980–2005.

Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1007/s00181-023-02394-x.
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