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3Digitalization and the American workforce

EXECUTIVE SUMMARY

O
ver the past half century, wave after wave of digital innovation 

has ensured that “digitalization”—the diffusion of digital 

technologies into nearly every business and workplace and 

pocket—has been remaking the U.S. economy and the world of work. 

So rapid are the developments, in fact, that while 
the “digitalization of everything” has become 
a hallmark of tech’s promise of empowerment, 
it has begun to prompt widespread anxiety, 
including among workers who worry about their 
future in an age of brilliant machines.

And yet, for all of the evidence that big changes 
are underway, surprisingly little data exists 
to track the spread of digital adoption. In the 
absence of such information, the digitalization 
trend, as prominent as it is, remains diffuse and 
hard to pin down. 

Hence this report: Designed to clarify a major 
trend, the present assessment provides a detailed 
analysis of changes in the digital content of 545 
occupations covering 90 percent of the workforce 
in all industries since 2001. Along these lines, the 
report finds that:

• Though digitalization is an ongoing trend, the 
U.S. economy has digitalized rapidly over the 
last decade.

• The degree and pace of digitalization vary 
widely across occupations and industries.

• Digitalization is associated with increased 
pay for many workers and reduced risk of 

automation, but it is also helping to “hollow 
out” job creation and wages by favoring 
occupations at the high and low ends of 
the pay scale while disfavoring those in the 
middle.

• The extent of digitalization also varies widely 
across places and is strongly associated with 
variations in regional economic performance.

• Digitalization is changing the skills needed 
to access economic opportunity while 
creating new race- and gender-based access 
challenges.

In keeping with these trends, the overall 
takeaway here is twofold, as befits a powerful but 
ambiguous trend. Digitalization, for one thing, is 
vastly expanding the potential of the American 
economy, and generating opportunities for 
many. However, the construction of an inclusive 
labor market as digitalization proceeds won’t 
happen by itself. Instead, it will require significant 
improvements in digital education and training, 
both to broaden the high-skill talent pipeline 
and ensure that underrepresented groups can 
connect to an increasingly digital economy. In 
addition, it is going to be important for workers to 
get better at being “what we are that computers 
aren’t.”



Brookings Metropolitan Policy Program4

Over  the  past  half century, wave after 
wave of digital innovation has ensured 
that “digitalization”—the diffusion of digital  
technologies  into nearly every business, 
workplace, and pocket—continues to remake the 
U.S. economy and the world of work.

Nurses work like scientists, using portable vein 
finders for blood tests, while auto mechanics 
employ laptops to troubleshoot cars, and 
salespeople rely on cloud-based, artificially 
intelligent software agents like Siri and Alexa to 
schedule meetings.

So rapid are the developments, in fact, that while 
the “digitalization of everything” has become 
a hallmark of tech’s promise of individual and 
business empowerment, it has also begun to 
prompt anxiety, including among workers who 
worry about their future in a world of brilliant 
machines.1

And yet, for all of that, and despite much evidence 
that big changes are underway, surprisingly little 
data exist to track the spread of digital adoption 
across industries and into workplaces.2 In the 
absence of such information, the digitalization 
trend, as prominent as it is, remains diffuse and 
hard to pin down.

Which is where this report comes in. To help 
address the shortage of data on the topic, this 
assessment provides a detailed analysis of 
changes in the digital content of 545 occupations 
covering 90 percent of the workforce in all 
industries since 2001. 

The latest in a series of analyses from the 
Metropolitan Policy Program aimed at helping 
leaders understand and manage the disruption 
associated with major economic trends, the 
report moves initially to define and state the 
importance of “digitalization” and then to 
describe a novel method for quantifying the 
trend. With the resulting data in hand, the 
analysis then reviews a series of trends reflecting 
the spreading reach of digitalization and the 
varied ways it is affecting workers, industries, and 
places. Detailed information for states and large 
and small metropolitan areas is provided in an 
accompanying web-based interactive tool. Finally, 
the report discusses implications of the findings 
and suggests ways communities can work with 
firms and workers to spread the benefits of 
digitalization while mitigating its potentially 
harmful effects.

In keeping with this discussion, the report 
concludes by stressing the importance of 
improving digital education and training, both to 
expand the high-skill talent pipeline and ensure 
that underrepresented groups can connect to 
an increasingly digital economy. In addition, the 
discussion notes how important it is becoming for 
all workers to cultivate durable “soft” or human 
skills as a way to get better at being “what we are 
that computers aren’t.”

In the end, the main takeaway is twofold, as befits 
a powerful but ambiguous trend. Digitalization is 
vastly expanding the potential of the economy, 
and generating opportunities for many. However, 
the construction of an inclusive labor market as 
digitalization proceeds won’t happen by itself. 

INTRODUCTION01
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DIGITALIZATION: WHAT IT 
IS AND WHY IT MATTERS

02

What precisely is digitalization and why does it 
matter so much? 

W H AT  I T  I S

Digitalization, according to Gartner, Inc., is the 
process of employing digital technologies and 
information to transform business operations.3 

As such, the digitalization of American life may 
be the fastest, most striking, example yet of 
the adoption of what economists call a general 
purpose technology (GPT)—a technology like 
steam power or electricity so broadly useful that 
it reorients the entire economy and tenor of life.4

The speed of digital technology improvement 
is encapsulated in Moore’s Law, which is an 

expansion of the observation made in 1965 by 
Gordon Moore, a co-founder of Intel, that the 
transistor density of low-cost integrated circuits 
was doubling every 12 months and was likely to 
continue to do so.5 Over time, Moore’s Law has 
become shorthand for the idea that anything 
involving computing gets more capable over 
time.6 That Moore’s Law has largely played out for 
50 years underscores the momentum of digital 
technology improvement. 

The rapid diffusion of such gains, meanwhile, can 
be measured to a wide extent through new digital 
products that have been adopted by consumers 
and businesses.7 After the introduction of the 
Apple II in 1977 and the IBM PC in 1981, personal 
computers spread rapidly, followed by regular 
waves of innovation including the internet, 2G 
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and 3G smartphones, fixed and then mobile 
broadband, the cloud, the Internet of Things, 
social media, and artificial intelligence.

Figure 1 plus some top-line data illustrate the 
pace and reach of digital technology throughout 
the world: 

• Global annual sales of personal computers 
have increased from 700,000 units in 1980 
to 260 million today.8 

• Smartphones in use have proliferated 
from 23,000 in 1980 to 7.2 billion in 2015, 
approximately one for every person on Earth.9

• Microsoft Office now has more than 1.2 billion 
users.10

• Amazon Web Services, one of the largest 
cloud computing providers, took seven years 
to store its first trillion digital objects in 2012 

but now stores tens of trillions.11 

• The use of mobile point of sale credit card 
readers like Square surged from 5.8 million 
installations in 2014 to 15.6 million in 2016 
with that number expected to double by 
2020.12

• Likewise, 35.6 million Americans now use 
voice-activated “smart speakers” like the 
Amazon Echo or Google Home to conduct 
business or order dinner.13

The concrete impacts of all of this installation 
has been reinventing business activity thanks 
to the power of computing and IT to manage 
information, speed calculations, accelerate 
sharing, reduce marginal costs, and improve the 
scalability of operations.14

Analogously, the arrival of technologies such 
as smartphone apps, mobile computing, file-
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sharing, cloud computing, software-as-a-service 
(SaaS), the Internet of Things, big data, digital 
marketplaces, and social media has enabled an 
explosion of digitally enabled business models 
and ways of working. 

In terms of business models, organizations of all 
kinds are experimenting with myriad new formats 
ranging from decentralized and remote work, 
e-commerce, internet marketplaces, online talent 
platforms, online supply chain management, 
to “sharing” models, dynamic pricing, crowd 
financing, and many more.15 

In the workplace, meanwhile, the basic conduct 
of work has been remade by the continuing 
integration of digital tools ranging from digital 
storage, the Windows operating system, e-mail, 
productivity software like Word and Excel, to 
enterprise management platforms like PeopleSoft 
and social and collaboration tools like Slack and 
Skype.16 As a result, workers of every stripe—
from corporate finance officers to sales people 
to machine operators to utility workers and Uber 
drivers—are spending sizable portions of their 
workdays running the Waze app to navigate 
traffic; connecting to the office by text message; 
managing processes through Salesforce; or 
running diagnostic software at the building site 
or at bedside. 

The process of digitalization is accelerating, even 
in less extensively digital industries such as retail 
and health care. Industries are also expanding 
their use of enterprise management software, 
digital payment systems, social media marketing, 
and data analytics.17 Beyond that, powerful 
new tools are arriving in the workplace. As the 
McKinsey Global Institute notes, the rapid spread 
of the Internet of Things is opening the possibility 
of improving the utilization of machinery, boosting 
the output of oil fields, and making buildings and 
roads more efficient.18 In the world of professional 
services and business administration, even bigger 
changes are on the horizon with advances in 
artificial intelligence and machine learning.

W H Y  D I G I TA L I ZAT I O N 
M AT T E R S

The progress of digitalization is crucial to track, 
because major economic and labor-market 
impacts that flow from it are redefining work and 
transforming the structure of the entire economy.

Central to these impacts is the role technology has 
long played in the collection, storage, exchange, 
and use of information.19 Digital technology 
particularly has a special power because it 
amplifies the ability of workers and firms to add 
value by improving the organizational, analytic, 
and managerial aspects of production while 
demoting the value of and need for other kinds 
of work.

In this regard, digital technology has emerged 
as arguably the most important driving force 
in the economy today given its power to both 
massively improve information management 
and rules-based processing in workplaces even 
as it disrupts established business practices 
with sizable impacts on workers.20 Which is why 
academic research in recent decades has tended 
to show that the spread of digital technology is 
having significant impacts on workers, firms, 
industries, labor markets, and whole regions:

• Individual workers are seeing the nature and 
rewards of work change rapidly, thanks to 
digitalization. Significant research examining 
labor markets in the 1970s, 1980s, 1990s, and 
2000s shows that workers who use computers 
at work earn more.21 Research also shows, 
however, that while digital technologies 
reward those who use them, they penalize 
those whose rote work the technologies can 
replace. Given that, most analysts attribute 
at least a portion of the nation’s increased 
inequality among workers to the spread of 
computers in the workplace.22

 
• Firms, for their part, have been shown to 

reap performance gains from digitalization. 
Firm-level analysis in recent decades on 
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both the services and manufacturing sides 
has found cost savings, improved output, 
and productivity gains from the adoption 
of digital technology.23 Numerous studies 
have concluded that service firms’ IT 
competence supports improved business 
performance and innovation.24 An even 
longer string of research findings documents 
IT’s favorable impact on manufacturing 
firms’ productivity.25 For example, one 
recent study found that software-oriented 
manufacturing firms generate more patents 
per research-and-development dollar and 
achieve better valuations of their innovation 
investments in equity markets.26 Much of 
this firm-level research stresses that the 
benefits of digitalization are best realized 
when digital investments are combined 
with organizational adjustments.27 Such 
combinations of technology and workplace 
readjustment are likewise leading to effective 
new arrangements of work: more virtual and 
interdisciplinary teams; more use of networks, 
outsourcing, and online platforms; and more 
use of nonstandard work arrangements, 
crowdsourcing, and cloud-based services. Of 
course, the inverse is also true: firms that do 
not go digital or do not combine digitalization 
with organizational innovations are falling 
behind.28 

    
• Digitalization has also helped improve the 

performance of whole industries. That was 
especially the case in the last major U.S. 
productivity boom in the 1990s and early 
2000s. Between 1995 and 2000, high-tech 
IT-producing industries saw mean annual 
growth rates of 13 percent a year; industries 
using IT grew by 2.9 percent a year; and non-
IT users expanded by only 1.7 percent a year.29 
Economy-wide, IT-producing and IT-using 
industries accounted for all of the nation’s 
productivity revival, while nonparticipating 
industries made a negative contribution. 
More recently, McKinsey found that industry 
performance is correlated with industry 
digitalization.30 Most notably, McKinsey 
concluded that industry digitalization 

levels were an important influence on 10-
year productivity growth trends in the 
2000s. At the same time, James Bessen 
has recently documented a more troubling 
development. He finds that industry IT use is 
strongly associated with increased industry 
concentration.31 

• Digitalization has meanwhile been 
transforming   the aggregate   labor market. 
On the positive side, the digital shift has 
created hundreds of new occupations that 
did not exist before, ranging from solution 
architect and cloud services specialist to 
app developer and social media manager. 
Likewise, the wider use of online talent-
matching platforms like Monster.com and 
LinkedIn may be improving the overall 
functioning of the labor market.32 

With that said, the digitalization revolution 
is widely believed to have contributed to 
the “hollowing out” of the occupational 
distribution. This it has done by introducing 
substantial tech-related skills biases into the 
wage distribution. Most notably, economist 
David Autor and his colleagues argue that 
as digital technologies infiltrate business 
processes and redefine roles, they alter 
what tasks workers are paid to do and so 
“polarize” employment and wages.33 How 
does this happen? Autor and others argue 
that that computerization “substitutes” for 
workers who perform routine cognitive or 
manual tasks that follow explicit rules and 
“complements” workers who perform non-
routine, more creative problem-solving and 
complex communication tasks. Given these 
differential impacts, significant literature 
concludes that computerization is associated 
with reduced demand for rote, rule-based 
labor and increased demand for higher-order, 
non-routine cognitive tasks. Data analyzed by 
the Federal Reserve Bank of St. Louis confirm 
that in the United States employment in non-
routine cognitive and non-routine manual 
jobs has grown steadily since the 1980s, 
whereas employment in routine jobs of all 
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kinds has been flat. 

In terms of the trend’s effects on pay, 
digitalization has likely contributed to the 
divergence in recent decades between the 
earnings of the highest-skilled workers at the 
top and everyone else.34 

• Finally, the digital boom is having major 
impacts on both the national and regional 
economies. At the national level, digitalization 
contributed heavily to the rapid output and 
productivity growth of the late 1990s and 
early 2000s as businesses both within and far 
beyond the information and communications 
technology (ICT) sector invested in ICT tools 
and business re-engineering.35 Ultimately 
this productivity surge drove growth in gross 
domestic product to nearly 4 percent a year 
in real terms. Since 2005, though, these gains 
have disappeared, and productivity growth 
has languished, although the continued 
diffusion of powerful new technologies 
has left many observers to hold out the 
possibility that productivity and output gains 
are either happening, but poorly measured 
or are otherwise forthcoming.36 With that 
said, a troubling aspect of the productivity-
enhancing aspect of digitalization is that it 
may be contributing to jobless recoveries 
from recessions. Economists Nir Jaimovich 
and Henry Siu, for example, have suggested 
that the installation of laborsaving technology 
in downturns accentuates middle-skill job 
losses that then depress recoveries.37

At the same time, the local metropolitan 
effects of the digital revolution have dramatic 
consequences—for good and ill. Beaudry, 
Doms, and Lewis have shown that the cities 
that adopted PCs earliest and fastest saw 
their relative wages increase the quickest.38 

More pointedly, Giannone recently suggested 
that the “great divergence” of city wages 
since 1980 represents a physical expression 
of skill-biased technical change and related 
“agglomeration” effects.39 In other words, 
just as technology is favoring workers with 
the right skills and not others, so it is favoring 
certain cities that contain the favored skills. 
Therefore, no longer are the incomes of 
college-educated tech and other workers 
converging across cities. They are diverging, 
as workers in digitally oriented metropolitan 
areas reap the benefits of working there 
while others do not. As to the local impacts 
of digital employment on poverty and social 
inclusion, Lee and Rodríguez-Pose also 
looked across metros and report that while 
digital employment does not reduce local 
poverty, it does increase wages for lower-
skilled workers in a region.40 These findings 
suggest that local digital skill levels can have 
significant impacts on economic performance 
and social inclusion.

  
In sum, compelling research suggests that 
understanding the nature of digitalization is going 
to be essential to addressing such challenges as 
improving the prospects of workers, boosting 
the productivity of firms and industries, and 
enhancing the prosperity of regional economies.

The fact that digitalization amplifies both 
opportunity and inequality means that getting a 
clear view on its workings is an urgent priority for 
workers, business people, and policymakers who 
want to maximize the benefits of the trend and 
mitigate its harmful effects.

What is needed now is more granular information 
on digitalization’s progress and impacts, 
occupation by occupation, industry by industry, 
and region by region. 

The fact that digitalization amplifies both opportunity and 

inequality means that getting a clear view on its workings is an 

urgent priority for workers, business people, and policymakers.
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Although digital tools and processes surround 
virtually every worker, their presence and 
influence remain surprisingly difficult to measure. 

Most notably, broad measures of industry 
investment in computers or of regional 
concentrations of IT-trained workers, while useful 
for some purposes, fail to provide a granular feel 
for the use of digital technologies in specific tasks 
and workplaces. In other words, such measures 
do not provide insights about the workplace.

The first order of business in seeking to understand 
digitalization is to locate a fine-grained way to 
measure the trend’s presence in the workplace. 
This goal points, in turn, to the value of looking 
at detailed information on the characteristics of 
specific occupations, something that scholars like 

David Autor have investigated to measure related 
trends. 

DATA

To build this measure, we turned to the 
Occupation Information Network (O*NET) 
database, a project funded by Department of 
Labor’s Employment and Training Administration 
to provide comprehensive information about 
every occupation in the U.S. economy.41 

O*NET surveys incumbent workers in every 
occupation to obtain detailed, job-specific 
information on workers’ education, training, 
experience, and skill-related work requirements. 
Extremely detailed task-level information about 
the characteristics of hundreds of occupations 

DEFINING AND MEASURING 
DIGITALIZATION

03
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allows for the assessment of the degree and pace 
of computerization across millions of workplaces.
 
The study also uses historical Occupational 
Employment Statistics (OES) data from the Bureau 
of Labor Statistics for data on employment and 
wages, and the Current Population Survey for 
data on demographic variation.42 

By collecting, linking, and analyzing these data, 
we are able to assess the digital content of 
hundreds of occupations over time, analyze their 
association with particular industries, track their 
pay and growth rates, map their locations, and 
consider their distribution across educational 
and demographic groups.

M E AS U R I N G  D I G I TA L I ZAT I O N

To identify the digital content for each occupation, 
we used O*NET survey data to construct 
occupation-specific digital scores. O*NET surveys 
incumbents in every occupation to collect 
information about the knowledge, skills, tools and 
technology, education and training, work context, 
and work activities required for their jobs, and 
this inquiry drew on selected measures focused 
on digitalization.

Specifically, the research team was interested 
in variables describing the digital content of 
occupations, and identified two of O*NET’s 
three technology variables as the most 
relevant measures of the overall digital tenor of 
occupations. One of these variables—“knowledge–
computer and electronics”—measures the 
overall knowledge of computers and electronics 
required by a job, while the other—“work 
activity–interacting with computers”—quantifies 
the centrality of computers to the overall work 
activity of the occupation. These measures seem 
to best capture the overall importance of digital 
knowledge and activity, job by job. As such, the 
two variables measure the level of digital skills 
required in each workplace. 

In terms of converting these measures to 
mathematical data, O*NET reports a numerical 

score for each occupation on each variable. 
Requisite computer-electronics knowledge 
levels for each occupation are reported on a 0 
to 7 scale, and the importance of computers to 
each job is reported on 1 to 5 scale. In the survey 
questions, O*NET gives examples (or anchors) of 
the specific tasks at level 2, 3, and 6. 

Because the level and importance scales each 
have different ranges of possible scores, we 
have employed O*NET’s recommended method 
to equally weight the two scores by converting 
the original ratings to a standardized combined 
score ranging from 1 to 100. We use the following 
equation to construct occupational digital scores 
as the weighted sum of the two variables:43

The maximum possible occupational digital score 
is thus                                 

The least digital occupations rate as low scores 
and the most digitally intense ones have high 
scores.

L EV E L S  O F  D I G I TA L  S K I L L

With numerical digital scores assigned to every 
occupation, we deemed it useful to introduce 
two score cutoffs to allow for the classification 
of occupations as requiring low, medium, or 
high levels of digital skill. Rather than employing 
arbitrary mean or median digital scores as cutoffs, 
we have preferred to introduce level breaks based 
on a qualitative assessment of the occupational 
scores associated with O*NET’s seven- and five-
point rating systems. Using those, we created 
three tiers of digitalization (Table 1). Occupations 
scored above 60 are high digital jobs, occupations 
scored between 33 and 60 are medium digital 
jobs, and occupations scored below 33 are low 
digital jobs. 

To bring this down to the level of familiar 
occupations, it is worth considering the digital 
scores of some representative occupations. 
Examples from the most highly digital band 
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 Level 
 measure (0-7)

Importance
measure (1-5)

Standardized 
digital score

Digital 
level

Representative 
occupations

Scored at least 5 for 
both knowledge and 
work activity

Scored at least 3 for both 
knowledge and work 
activity

60 and above High Software developers 
(94)
Financial analysts (73)

Scored at least 3 for 
both knowledge and 
work activity

Scored at least 2 for both 
knowledge and work 
activity

33 - 60 Medium Sales managers (60)
Registered nurses (55)

Scored at least 3 for 
both knowledge and 
work activity

Everything else 33 and below Low Construction laborers 
(17)
Personal care aides 
(14)

TABLE 1

Derivation of O*NET digitalization cutoffs and tiers

Source: Brookings analysis of O*NET data

Source: Brookings analysis of O*NET and OES data

 Digital level  Occupation
Digital 
score

Education requirements Mean annual wage

High Software Developers, 
Applications

94 Bachelor's degree  $104,300 

High Computer Systems Analysts 79 Bachelor's degree  $91,620 

High Financial Managers 61 Advanced degree  $139,720 

Medium Lawyers 58 Advanced degree  $139,880 

Medium Automotive Service 
Technicians and Mechanics

55 Some college  $41,400 

Medium Registered Nurses 55 Some college  $72,180 

Medium Office Clerks, General 55 Secondary or below  $33,010 

Low Security Guards 31 Secondary or below  $29,730 

Low Cooks, Restaurant 18 Secondary or below  $25,430 

Low Construction Laborers 17 Secondary or below  $37,890 

Low Personal Care Aides 14 Secondary or below  $22,710 

TABLE 2

Representative occupations and their digitalization levels
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of occupations include software developers 
and financial analysts (digital scores of 94 and 
73, respectively). Sales managers (60) and 
registered nurses (55) are typical medium-digital 
occupations, while construction laborers (17) and 
personal care aides (14) exemplify the low band. 
Table 2 lists other representative occupations 
along with their associated education 
requirements and wage levels.

I N D U ST R I A L  A N D  R EG I O N A L 
A N A LYS I S

Scores were also developed for industries, states, 
and metropolitan areas. 

Using occupational digitization scores and 
OES industry-specific estimates, we created 
mean digital scores for each industry. Industrial 
digital scores are weighted by the occupational 
distribution within the industry. 

Similarly, mean digital scores were calculated for 
each state and metropolitan area using OES state 
and metropolitan estimates. Regional digital 
scores are the mean occupational digital scores, 
weighted by the occupational employment within 
the region. 

M E AS U R I N G  C H A N G E  OV E R 
T I M E

Digitalization is not static. Change is proceeding 
rapidly, driven by the wide adoption of digital 
devices and processes, with significant 
implications for workers, firms, and the labor 
market. Fortunately, O*NET permits us to measure 
the change of occupations’ digital content over 
time. 

Since 2002, O*NET has employed a database 
structure consistent with the Office of 
Management and Budget-approved Data 
Collection Program. O*NET updates the database 
periodically, though not on a yearly basis. 
Therefore, to analyze the change of occupational 
digital scores over a considerable time span, 
we limited our time series to observations of 

occupations that were first surveyed before 2004 
(2004 included) and have been updated at least 
once since 2009 (2009 included).

This limiting reduces the scope of analysis 
somewhat—from 774 (2010) Standard Occupational 
Classification (SOC) detailed occupations to 545. 
Nevertheless, analysis of those 545 occupations 
enables significant coverage of the labor market. 
Using estimates from the 2016 OES, these 545 
occupations covered 90.8 percent of total U.S. 
employment in May 2016. 44  

For this analysis, we take the first score (surveyed 
between year 2002 and 2004) to represent the 
occupational digitization score of year 2002, and 
the latest score (surveyed between year 2009 and 
2016) to represent the occupational digitization 
score of year 2016. Based on the assumption that 
occupational digital scores have been increasing 
over the years, using the outer boundary of this 
time span is probably a conservative measure of 
the score from 2002 to 2016. 

ST R E N GT H S  A N D 
L I M I TAT I O N S

The present assessment has strengths and 
weaknesses, and as such, the figures and trends 
should all be viewed as useful estimates.

The main strength is that the methodology exploits 
a rich source of direct survey data to provide 
specific, comparable, task-level information for 
545 occupations as they are changing over time. 
This information allows for the production of a 
useful new data resource for policymakers and a 
novel analysis of the impacts of digitalization as 
they are making themselves felt in specific jobs, 
across industries, and across metropolitan areas. 
The result is a valuable, workplace-oriented look 
at how a global technology trend is touching 
down in particular jobs.

A key shortcoming, meanwhile, is that the O*NET 
occupational data are reported as aggregates 
and are not available as microdata that provide 
information at the level of individual respondents. 
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Therefore, the digitalization scores we use 
for this analysis are not specific to particular 
industries or metropolitan areas. Rather, our 
analyses—including local ones—employ digital 
scores assigned nationally, without regard to the 
particular industry and location. That procedure 
introduces potential inaccuracy into the digital 
scores of particular industries as well as those of 
occupations and industries at the local level. 

Likewise, the current requirements for a job 
may not be captured by the O*NET-reported 
occupational requirements, which often reflect 

information gathered in significantly earlier 
surveys of incumbent workers and may not 
reflect the latest skills being sought by employers 
in new hires. Given those factors, the current 
digital scores of some occupations may be higher 
than reported here.

Overall, though, this analysis provides a fresh look 
at the magnitude and dynamics of digitalization 
in the U.S. workplace over the past 15 years, and 
begins a discussion of how that trend has affected 
occupations, industries, and metropolitan areas 
in the United States. 

Digitalization is not static. Change is proceeding rapidly, 

driven by the wide adoption of digital devices and processes, 

with significant implications for workers, firms, and the labor 

market.
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FINDINGS04

Analysis of the O*NET dataset yields a series 
of takeaways about the speed and extent of the 
digitalization trend.

1. The U.S. economy is digitalizing at an 
extremely rapid pace.

Between 2002 to 2016—the most recent period 
trackable with O*NET data—the shares of U.S. 
jobs and employment that require substantial 
digital knowledge rose rapidly, whether because 
of changes in the digital content of existing 
occupations (the largest effect, by far) or thanks 
to shifts in the distribution of occupations toward 
mid and high levels of digital activities.45 

The changes have been striking. By 2016, the 
share of employment in occupations with high 
digital content—defined as occupations with 
digital scores above 60 on a 100-point scale—
more than tripled, from 4.8 to 23 percent of 

employment, while employment in occupations 
with medium digital content (scores of 33 to 60) 
increased from 39.5 to 47.5 percent (Figure 2). 
By contrast, employment in occupations with low 
digital scores (below 33) declined precipitously, 
from 55.7 to 29.5 percent.

In absolute terms, more than 32 million workers 
are employed in highly digital jobs, while nearly 66 
million others hold moderately digital positions. 
Just 41 million jobs require only low digital skills. 

In keeping with these trends, job transformation 
and creation in the last few years has heavily 
favored digitally oriented occupations. 

Specifically, nearly 4 million of the nation’s 13 
million new jobs created since 2010—30 percent—
have required high-level digital skills (Figure 3). 
Nearly two-thirds of new jobs required either 
high- or medium-level digital skills.
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Overall, digitalization is transforming the nation’s 
job rolls both by expanding the digital content 
of hundreds of existing jobs and shifting the 
overall job mix toward more digitally intensive 
occupations.

2. The degree and pace of change of 
digitalization vary widely across occupations 
and industries.

Digitalization is proceeding rapidly and widely but 
not evenly across occupations and industries.

Looking broadly across the job rolls, digitalization 
scores rose in 517 of 545 analyzed occupations 
from 2002 to 2016. The average digitalization 
score across all occupations rose from 29 in 
2002 to 46 in 2016, a 57 percent increase. 
Middle-range occupations including home 
health aides, teachers’ assistants, and customer 
service representatives have in many cases seen 
digitalization score increases of 19 to 36 points 
since 2002.

And yet, that is the middle of the distribution. 
Digitalization is, in fact, proceeding at varying 
rates and extends up and down the occupation 
list.

At the top of the scale, numerous highly digital 
occupations became even more digital, including 
computer network support specialists (a rise 
from 61 to 74), electronics engineers (69 to 90), 
aerospace engineers (65 to 77), and statistical 
assistants (66 to 73). At the same time, each of 
the three most intensely digitalized occupations 
in the analysis—software application developers, 
computer hardware engineers, and systems 
developers—saw modest declines in their 
starting scores of around 97. In general, however, 
occupations that were initially highly digital 
logged modest further digitalization, though 
overall the digitalization score of the aggregate 
highly digital group slipped by 2 points (Figure 4).

Turning to the middle of the scale, the average 
2002 digitalization score of 43 among medium-
digital occupations rose by 12 points to reach 

55 in 2016. In this part of the distribution, many 
less-digitalized occupations underwent radical 
increases in their digitalization scores. 

At the middle of this middle band of occupations, 
digital scores for secretaries, elementary school 
teachers, and computer-controlled machine tool 
operators surged from 45 to 59, 45 to 58, and 
40 to 56, respectively. In dozens of moderately 
digitalized occupations, such as automotive 
service technicians (39 to 55), registered nurses 
(38 to 55), and human resources specialists (37 
to 60) digital content and scores rose 50 percent 
or more. Further dramatizing the extent of the 
changes is the transformation of many middle-
range jobs into highly digital ones. Examples of 
such transitions include chemical engineering 
(with a score rise from 47 to 69), actuaries (40 
to 78), financial managers (41 to 61), and first-
line supervisors of office and administrative 
support workers (39 to 64). In short, hundreds 
of thousands of middle-skill jobs in occupational 
areas such as business and financial operations, 
office and administrative support, and health 
care have been taking on substantially greater 
digital content (Table 3). As they have, these large 
and mostly mid-digital occupational groups have 
accounted for the greatest change in the nation’s 
overall digital job distribution, in part by scoring 
the largest digitalization increases, occupation by 
occupation.

However, the least digitalized occupations hardly 
remained static. In fact, very dramatic task change 
is occurring among some of the most traditionally 
accessible occupations that have historically 
allowed new or less-skilled or -educated workers 
to find decent employment. At the lower end of 
the scale, the average 2002 digitalization score 
of 14 among low-digital occupations rose by 22 
points, or 154 percent over the time period, to 
reach 36 in 2016. Many low-digital occupations, 
including home health aides (score rise from 3 to 
23), welders (3 to 23), and heavy truck drivers (7 
to 30), saw their scores triple or more. By 2016, no 
fewer than 229 initially low-digital occupations, or 
48 percent of them, employing 33 million workers 
in 2002, had exited the low-digital category and 
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become medium-digital or even high-digital 
occupations, marking the steady upskilling of even 
lower-end jobs accessible to new or less-skilled 
workers. Among the occupations transitioning 
from low scores to medium or high include tool 
and die makers (score rise from 3 to 51), social 
and human service assistants (17 to 54), bus and 
truck mechanics (17 to 48), and audio equipment 
technicians (30 to 75). 

Thus, while the digital content of virtually all jobs 
has been increasing, the extent of the increases 
varies widely, and appears most dramatically in 
the middle and toward the lower end of the skills 
distribution. 

How do these changes tie into industry trends? 
Add them up, and the ongoing digitalization of 
hundreds of occupations reflects the fact that 
the entire U.S. economy is digitizing rapidly but 
unevenly, with much variation in the extent and 
pace of digitalization across industries.

Virtually all industry groups saw their mean 
digital scores increase between 2002 and 
2016 (Table 4), but the degree and speed of 
digital adoption vary significantly, suggesting 
wide variation in industries’ and firms’ ability 
to improve their operations, productivity, and 
results. Leading the digitalization race with 
many of the highest employment-weighted mean 
digitalization scores for 2016 is a group of broad 
service sectors, including professional, scientific, 
and technical services (mean 2016 digital score 
of 55); media (52); finance and insurance (55); 
and management of companies (51).46 These 
sectors have also seen rapid digitalization over 
time. Overall, the 50 industries that compose the 
nation’s higher-tech advanced industry sector 
exhibit significantly higher mean digital scores 
(48) than the rest of the economy (40).47

Following these pace-setters are a number of 
capital-intensive sectors like utilities, oil and gas 
extraction, and advanced manufacturing with 
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middling digital scores but also brisk adoption. 
Some of these are the kinds of “physical” 
industries that some economists believe will be 
further energized by the infusion of information.48

Finally, a number of large labor-intensive, often 
locally traded industries have lower scores but 
are also beginning to substantially absorb digital 
technologies. These sizable and often lower-
productivity sectors—which include education, 
transportation and warehousing, basic goods 
manufacturing, and construction—have scores 
mostly in the 30s and remain in the mid- to 
low-digital tiers of industries. However, many 
of their digital scores have doubled since 2002, 
suggesting they may be able to achieve greater 
efficiency in the near future. With that said, 

the scores of some less-digital industries—such 
as nursing and residential care facilities, or 
accommodation and food services—may reflect 
an orientation to direct human interaction that 
makes them less amenable than others to using 
technology to cut costs and increase productivity. 

In any event, wide gaps exist between the most 
heavily and least-digitalized occupations and 
industries, with some of the least-digitalized 
sectors also exhibiting some of the slowest digital 
adoption. To the extent that current levels of 
digital skills may forecast varied levels of future 
success in navigating economic change, these 
uneven levels of digitalization warrant concern 
while holding out opportunities.

 Occupation
 Digital score,  
 2002

Digital score, 
2016

Score 
change, 
2002-2016

Software Developers, Applications 97 94 -3

Financial Managers 41 61 +20

Construction Managers 17 60 +43

Human Resources Specialists 37 60 +22

Lawyers 34 58 +23

Automotive Service Technicians and Mechanics 39 55 +17

Registered Nurses 38 55 +17

Office Clerks, General 53 55 +2

Tool and Die Makers 3 51 +48

Security Guards 28 31 +3

Welders, Cutters, Solderers, and Brazers 3 23 +20

Construction Laborers 2 17 +15

Personal Care Aides 16 14 -2

TABLE 3

Selected occupations by 2016 digital score

Source: Brookings analysis of O*NET and OES data



Brookings Metropolitan Policy Program20

 Industry group
 Mean digital  
 score, 2002

Mean digital 
score, 2016

Score 
change, 
2002-2016

Professional, Scientific, and Technical Services 43 55 +12

Finance and Insurance 39 55 +16

Media 33 52 +19

Management of Companies and Enterprises 37 51 +14

Health Care Services and Hospitals 35 46 +11

Real Estate and Rental and Leasing 26 45 +19

Information and Communications Technology 32 44 +13

Utilities 26 44 +18

Wholesale Trade 26 44 +18

Oil & Gas Extraction 25 43 +18

Educational Services 27 41 +14

Retail Trade 28 41 +12

Advanced Manufacturing 24 39 +15

Other Services (Except Public Administration) 21 37 +16

Transportation and Warehousing 15 33 +18

Basic Goods Manufacturing 15 33 +18

Arts, Entertainment, and Recreation 17 33 +15

Construction 12 33 +21

Administrative and Support and Waste Management 
and Remediation Services

19 32 +14

Nursing and Residential Care Facilities, and Social 
Assistance

23 32 +9

Accommodation and Food Services 15 30 +15

Mining (Except Oil and Gas) 12 30 +18

Agriculture, Forestry, Fishing, and Hunting 7 16 +8

TABLE 4

Industry mean digitalization scores and change, 2002 and 2016

Source: Brookings analysis of O*NET and OES data
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3. Digitalization is associated with increased 
pay and job resiliency in the face of 
automation but also “U-shaped” job creation 
patterns.

The unevenness of digitalization across 
occupations and industries is important because 
digitalization influences pay, job durability, and 
growth.

Digitalization is a key pathway to increased 
earnings. All across the skills continuum 
employees are rewarded for the depth and 
breadth of their digital skills through increased 
wages. Workers in occupations with medium or 
high digital skills in 2016 were paid significantly 
more than those in low-digital occupations. 

Specifically, while the mean annual wage for 
workers in highly digital occupations reached 
$72,896 in 2016, workers earned about $48,274 
in middle-level digital jobs and $30,393 in low-

digital positions (Figure 5). 

These pay differentials cannot be explained solely 
by educational differences (which themselves 
bring digital skills differences). In fact, even 
when controlling for education levels, the data 
confirm the presence during the 2000s of a 
consistent, statistically significant wage premium 
for computer skills that has almost doubled since 
2002 (see the box, “Untangling Digital Skills and 
Education”). 

These pay differentials are important, not just for 
their influence on worker compensation, but also 
because they point to the durability of work in the 
era of automation. To explore this, we compared 
occupations’ digital scores to their automation 
potential, as quantified by McKinsey’s estimates 
of the share of an occupation's overall task 
content that could be taken over by machines 
through the adaption of currently demonstrated 
technology.49 The McKinsey measure suggests the 
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degree of projected task substitution expected 
in occupations that are automating, of which 
digitalization is one form. The measure is mildly 
reassuring; in looking at the relationship between 
jobs’ digitalization scores and vulnerability 
to tech-based task displacement a number of 
statistical tests reveal a modestly strong negative 
correlation between a job’s increased digital 
content and the share of its tasks vulnerable 
to automation (Figure 6). For example, nearly 
60 percent of the task content of low-digital 
occupations appears susceptible to automation, 
compared to only around 30 percent of tasks 
in high-digital occupations. These numbers 
range from over 85 percent of the task load in 
production occupations to less than 30 percent 
for computer occupations.

In sum, workers with superior digital skills tend 

to earn higher wages than similarly educated 
workers with lower digital skills, and they may 
be marginally less exposed to automation-driven 
displacement.

Similar trends surface with regard to digitalization 
and wage growth. Again, digital skills command 
increased rewards, in this case because computer 
skills command not just initial modest wage 
premiums but also sizable wage gains over time 
associated with what the economist James Bessen 
shows are “skills learned through experience on 
the job.”50 

At the top of the wage distribution, occupations 
with high-level 2016 digital scores on average 
registered more than 0.8 percent wage growth 
annually between 2010 to 2016 (Figure 8). 

Occupation groups arrayed by 2016 mean digital scores

Average automation potential of major occupational groups, by mean digital score

FIGURE 6

Source: Brookings analysis of O*NET, OES, and McKinsey Global Institute data
Note: Farming, Fishing, and Forestry occupations are excluded due to small employment size.
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To what extent do digital skills reflect a 
distinct component of human capital as 
opposed to a general expression of education 
levels? Statistical analysis suggests that 
while the two are related, they are not the 
same. While there is a positive correlation 
between digitalization level and education 
level, significant technical and pay variations 
exist among occupations that require the 
same level of education, pointing to the 
existence of a distinct wage premium for 
digital skills in the workplace.

One way to see this is to note that while 
rising education levels tend to be associated 
with higher digital skills, the digital scores 
of particular occupations associated with 
particular educational levels vary widely 

(Figure 7). Notably, the O*NET data confirm 
that numerous good-paying, highly digital 
jobs—including numerous technician and 
clerical jobs—are obtainable by workers 
without a bachelor’s degree.

Another way to look at this, however, is 
to assess whether the job market pays a 
statistical wage premium for digital skills. 
To this end, we ran regression analyses to 
compare the average annual wage of the 
545 occupations under study with their 
digitalization scores, while controlling 
for the education level required by each 
occupation. The result: digitalization scores 
have significant and positive effects on real 
annual wages even when controlling for 
education level. And the effect is growing. In 

Untangling digital skills and education
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Leading the way were computer-mathematical 
occupations that scored wage gains of 0.7 percent 
a year in the post-Great Recession period. For their 
part, medium-digital occupations experienced 
middle-range wage growth of 0.3 percent over 
the period, while occupational groups that have 
low mean digital scores, such as personal care 
and maintenance, saw average wage declines of 
about 0.2 percent a year. (Note that while most 
low-digital occupational groups saw modest wage 
growth, those groups’ aggregate performance 
was trivial given the strongly negative wage trend 
of the huge personal care and service group.)

Aggregating these data to look at sectors and 
industries, this analysis finds that industry 
digitalization levels are strongly associated with 
key indicators of industry performance such as 
output, productivity, and wage growth—though 
job creation has a different pattern. 

Output growth during the 2000s, for example, 
has been heavily associated with industries’ 
mean digital scores. For example, highly digital 
service industries like professional, scientific, 
and technical services; ICT; and media turned in 
some of the economy’s fastest output growth in 
the 2010 to 2016 period (Table 5). Likewise, in an 
era of slowing productivity growth, these same 
most highly digitalized sectors led the economy 
on productivity increases. For example, the ICT 
and media sectors each increased its annual 
productivity growth by more than 2.5 percent. By 
contrast, productivity in medium-digital sectors 
like health care and advanced manufacturing 
grew by only a modest 0.7 and 0.3 percent a year, 
while the lagging hospitality and construction 
industries saw slightly negative productivity 

growth.

Focusing on patterns of job creation, finally, the 
digitalization of the U.S. economy appears to be 
contributing to the hollowing out and polarization 
of employment and wage distributions noted by 
Autor and colleagues.51 

Along these lines, O*NET analysis suggests 
that job growth has been differentially rapid in 
occupations at the upper and lower ends of the 
skill distribution and sluggish in the middle. For 
example, job creation has been relatively robust 
since 2010 for both highly digital computer-
mathematical and business-finance occupational 
groups and low-digital occupational fields such 
as personal care and food preparation (Figure 9). 
By contrast, mid-digital occupational groups like 
office-administrative and education occupations 
have seen much slower job and wage growth. 

Why might this be? Autor and others suggest that 
such effects reflect the differential ways digital 
technology shapes the demand for workers. 
As discussed above, they hypothesize that 
computerization strongly complements the non-
routine, creative problem-solving tasks of highly 
skilled workers while directly substituting for the 
routine, repetitive tasks found in many traditional 
middle-skill, middle-digital occupations. As to the 
low end of the skills distribution, Autor and others 
hold that rising employment and even wage 
expansion among some low-digital occupations 
reflects a strong shift of work into face-to-face 
personal service occupations supported by 
increased demand from well-compensated high-
digital consumers. Another factor is likely the 
difficulty of automating personal service work 

2002, a one-point increase in digitalization 
score predicted a $166.20 (in 2016 dollars) 
increase in real annual average wages 
for occupations with the same education 
requirements. By 2016 this wage premium 
had almost doubled to $292.80. 

In sum, workers with superior digital skills 
are more and more earning higher wages 
(all other things being equal) than similarly 
educated workers with fewer digital skills.
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(such as personal care, cleaning, or maintenance) 
that relies heavily on flexible interpersonal 
communication and direct physical proximity.52 
A third factor is the fact that workers displaced 
by the rising capital intensity of American 
production and who are unable to meet certain 
prerequisites for digitally-intensive occupations 
are increasingly finding that the only segment 
of the labor market open to them is in the least-
digital service occupations.53 

In this regard, digitalization—a form of 
automation—appears to be contributing to: job 
creation and pay gains in high-digital industries; 

slow job creation and modest pay gains in 
medium-digital occupational groups (except in 
personal-services like health care, where the 
growth has been faster); and faster job growth 
but low and slow-growing wages in low-digital 
personal service occupations.

Taken together, these output, productivity, wage, 
and growth variations and dynamics suggest 
that digitalization trends may be a key to the 
nation’s challenging economic cross-currents in 
recent decades. For workers, the acquisition of 
digital skills offers one route to improved pay in 
a challenging labor market. And for industries, 

Occupation groups ranked by 2016 mean digital scores

Compound annual growth rate of real mean annual wage by occupation group, 
2010-2016

FIGURE 8

Source: Brookings analysis of O*NET and OES data
Note: Farming, Fishing, and Forestry occupations are excluded due to small employment size.
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Compound annual growth rate, 
2010-2016

 Industry group

 Mean 
 digital
 score, 
 2016

Output 
change

Productivity 
change 

Wage 
change 

Professional, Scientific, and Technical Services 55 3.3% 0.3% 1.4%

Finance and Insurance 55 1.4% 0.1% 1.8%

Media 52 2.7% 2.6% 3.0%

Management of Companies and Enterprises 51 4.7% 1.9% 2.2%

Health Care Services and Hospitals 46 2.8% 0.7% 1.0%

Real Estate and Rental and Leasing 45 1.9% 0.2% 2.5%

Information and Communications Technology 44 4.6% 3.9% 4.8%

Utilities 44 0.2% 0.2% 2.0%

Wholesale Trade 44 2.6% 1.4% 1.3%

Oil & Gas Extraction 43 9.3% 6.6% -0.3%

Educational Services 41 0.2% -2.3% 0.0%

Retail Trade 41 2.6% 1.1% 0.9%

Advanced Manufacturing 39 1.5% 0.3% 0.9%

Other Services (Except Public Administration) 37 0.9% -0.5% 1.2%

Transportation and Warehousing 33 1.4% -1.6% 0.9%

Basic Goods Manufacturing 33 -0.1% -1.2% 0.8%

Arts, Entertainment, and Recreation 33 2.9% 0.2% 0.9%

Construction 33 2.7% -0.6% 1.4%

Administrative and Support and Waste Management 
and Remediation Services

32 3.0% -0.4% 0.8%

Nursing and Residential Care Facilities, and Social 
Assistance

32 1.2% -0.7% 0.9%

Accommodation and Food Services 30 2.4% -0.7% 1.7%

Mining (Except Oil and Gas) 30 -4.6% -3.0% 0.0%

Agriculture, Forestry, Fishing, and Hunting 16 -0.1% -0.5% 4.5%

TABLE 5

 Industry mean digitalization scores and economic performance, 2016

Source: Brookings analysis of O*NET and OES data
Note: Blue and red shading indicates positive or negative distance from the median, respectively.
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further digital adoption—particularly by lagging 
industries—may be a way to score significant 
near-term output and productivity gains at a time 
of too-slow growth.

4. The extent of digitalization varies widely 
across places and is strongly associated with 
variations in regional economic performance.

In geographical terms, digitalization is happening 
everywhere, but its progress varies widely 
across the map. Just as the diffusion of digital 
technology and processes has been uneven 
across occupations and industries, it is proceeding 
unevenly across the U.S.

States’ mean 2016 digitalization scores vary 
extensively (Figure 10), and range from 51 in 
the District of Columbia to 41 in Nevada. 

Massachusetts, Maryland, Virginia, and 
Connecticut—all with mean 2016 digitalization 
scores exceeding 47—top the list of states with 
the most digitally oriented occupational bases. It 
bears noting that all states’ mean digitalization 
scores rose by 18 to 22 points between 2002 
and 2016, with Utah, Arizona, Mississippi, 
Tennessee, Arkansas, and Rhode Island all 
seeing their mean scores increase by more than 
21 points.

Not surprisingly, states’ median wages correlate 
with their mean digital scores (Figure 11). The 
District of Columbia, Massachusetts, Maryland, 
and Connecticut enjoy median wages of $55,000 
or more. By contrast, the mean wage in Nevada—
with a mean digital score of 41—remains around 
just $43,000. 

Occupation groups arrayed by 2016 mean digital scores

Compound annual growth rate of employment by occupation group, 2010-2016

FIGURE 9

Source: Brookings analysis of O*NET and OES data
Note: Farming, Fishing, and Forestry occupations are excluded due to small employment size.
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Such trends suggest that digitalization is 
sweeping through all state economies, with 
varied impacts and implications for competitive 
advantage. Lower-scoring, slower-digitalizing 
states have work to do to catch up.

Turning to metropolitan areas the data reveal 
more variation (Table 6). Large-metro mean 
digitalization scores for 2016 range from 47 in 
San Jose, Calif. to 36 in Las Vegas. Following 
San Jose at the top of the digitalization rankings 
comes a “who’s who” of higher-tech advanced 
industry centers ranging from Boston; Austin, 
Texas; Hartford, Conn.; Salt Lake City; Raleigh, 
N.C.; Seattle; San Francisco; and Madison, Wis.—
all with mean 2016 digitalization scores above 43 
(Figure 12). 

Digitalization scores in all of these more digital 
metros increased by 12 to 18 points. Salt Lake 
City; Rochester, N.Y.; Phoenix; Little Rock, Ark; 
Charleston, W. Va.; and Akron, Ohio have all 
elevated their mean digitalization scores by 18 
points or more, though all metros saw significant 
score increases to the point that large cities’ 
mean digitalization scores have been converging. 
The left panel of Figure 13 shows that metros 
with lower mean digital scores have actually been 
increasing their digital ratings faster than metros 
with higher scores. On this measure, mean digital 
skill levels are converging.

The story is different, however, when mapped for 
metros’ varying shares of employment in high-
digital occupations (right panel of Figure 13). 

Mean digital scores by state

FIGURE 10

40-42 42-44 44-45 45-47 47-51

Source: Brookings analysis of O*Net and OES data

2016
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This more high tech-favoring measure exposes 
a much wider range of 2016 metro digitalization 
scores, ranging from nearly 38 percent of local 
employment in highly digital occupations in San 
Jose to just 14.6 percent in Stockton-Lodi, Calif. 
The list of the most digitalized metros reads like 
a gazetteer of the largest, best-established tech 
hubs in the nation—ranging from Washington, 
Seattle, San Francisco, and Boston to fast-
followers like Austin and Denver and to university 
towns such as Madison and Raleigh. 

Not only do metros’ high-skill digitalization ratings 
vary sharply; they are also diverging. In this 
regard, the digital rich are getting richer, a trend 
that can be seen in the 100-metro scatterplot in 
Figure 13. The higher a metro area’s 2002 share 
of highly digital occupations the greater the 
growth of its share of jobs in such occupations in 
the years 2002 to 2016. For example, San Jose, 
Washington, and Austin—with highly digital 
employment shares in excess of 10 percent in 
2002—have all increased their shares by more 
than 20 percentage points since then. By contrast, 
metros with low starting presence in highly digital 

occupations (such as Stockton; Youngstown, 
Ohio; and McAllen, Texas), all with high-digital 
job shares of less than 2 percent in 2002, have 
seen much slower employment growth in highly 
digital occupations—more along the lines of 10 
percentage points. In short, a high initial digital 
score predicts faster future digitalization.

As to the implications of these variations for 
regional economies, they follow directly from 
the strong correlation of digitalization with 
worker compensation and industry performance. 
Both metropolitan areas’ current wage levels 
and recent wage growth appear to be highly 
correlated with mean digitalization scores, 
which are tightly linked (though not identical) to 
education levels.54 For example, the metros with 
the highest 2016 mean digital scores were also 
the ones with the highest education levels and 
mean annual wages. San Jose, San Francisco, 
and Washington dominate this distribution, with 
their very high digital scores correlating with 
average wage levels of $64,000 a year or more. 
By contrast, metros like Las Vegas; Bakersfield, 
Calif.; and Riverside, Calif., with digital scores in 
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the mid-thirties, support annual wage levels of 
$45,000 or below. These patterns comport with 
significant prior findings that have shown that 
differences in technology use across cities likely 
affect relative wages.

These trends underscore a key point about the 
influence of digitalization on regional prosperity: 
variations in the digital skills of the local 
workforce may be contributing to the polarization 
of cities’ economic fortunes. To the extent that 

Elise Giannone attributes the divergence of 
city wages since 1980 to a mix of skill-biased 
technical change and local industry clustering, 
digitalization is likely a contributing factor to the 
divergence of cities’ prosperity levels.55 

In short, digitalization appears to be associated 
with several important economic benefits 
for cities but also with the widening inter-
metropolitan performance and wage gaps 
that economist Enrico Moretti calls “the Great 

 Metropolitan area
 Mean digital 
 score,  2002

Mean digital 
score, 2016

San Jose-Sunnyvale-Santa Clara, CA 32 47

Boston-Cambridge-Newton, MA-NH 28 44

Austin-Round Rock, TX 30 43

Hartford-West Hartford-East Hartford, CT 27 43

Salt Lake City, UT 25 43

Raleigh, NC 28 43

Bridgeport-Stamford-Norwalk, CT 28 43

Seattle-Tacoma-Bellevue, WA 27 43

San Francisco-Oakland-Hayward, CA 27 43

Madison, WI 27 42

Provo-Orem, UT 25 42

Albany-Schenectady-Troy, NY 26 42

Philadelphia-Camden-Wilmington, PA-NJ-DE-MD 26 42

Baltimore-Columbia-Towson, MD 27 42

Rochester, NY 24 42

... ... ...

Riverside-San Bernardino-Ontario, CA 21 38

Fresno, CA 22 38

Stockton-Lodi, CA 22 37

Las Vegas-Henderson-Paradise, NV 21 36

Bakersfield, CA 22 36

TABLE 6

Top 15 and bottom 5 metropolitan areas by 2016 mean digital score

Source: Brookings analysis of O*NET and OES data
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Mean digital score and share of high digital jobs by metropolitan area

FIGURE 12

Source: Brookings analysis of O*Net and OES data

2016

Austin, TX

Bakersfield, CA

Boston, MA
San Jose, CA

Las Vegas, NV

0%

5%

10%

15%

20%

25%

30%

S
ha

re
 c

h
an

g
e,

 2
0

0
2

-2
0

16

R² = 0.311

0%           2%               4%               6%             8%             10%             12%            14%             16%

High digital s hare of occupations, 2002

Convergence and divergence among large metros by mean digital score and high 
digital share, 2002-2016

FIGURE 13

Source: Brookings analysis of O*NET and OES data

Austin, TX

Bakersfield, CA

Boston, MA

Las Vegas, NV
San Jose, CA

10

11

12

13

14

15

16

17

18

19

20 22 24 26 28 30 32 34

S
co

re
 c

h
an

g
e,

 2
0

0
2

-2
0

16

Mean digital s core, 2002

R² = 0.2142

Figure 13A: Change in mean digital score by 
metros’ 2002 score

Figure 13B: Change in share of high digital 
occupations by metros’ 2002 high digital share

14.6% - 22.0%
20.0% - 22.3%

22.3% - 24.0%
24.0% - 25.6%

25.6% - 38.2%

36-39
39-41

41-43

43-47

Mean digital score, 2016

High digital jobs, 2016 share



Brookings Metropolitan Policy Program32

Divergence.”56 Digitalization, in that vein, appears 
at once to reflect and reinforce the polarization 
of workforce skills across places that is improving 
pay for many people and places while widening 
the divide between the leading cities and the 
laggards.

5. Digitalization is changing the skills workers 
need to access economic opportunity while 
creating new race- and gender-based training 
challenges.

Digitalization, finally, is changing the skills less 
advantaged workers need to secure good jobs. 
The spread of digital tools is underscoring the 
importance of digital competencies in helping 
less-educated workers secure basic opportunity 
even as it throws into relief sharp disparities 
among particular groups’ digital preparedness. 

The digitalization of occupations represents an 
under-recognized feature of the environment 
within which communities must work as they 
seek to foster economic inclusion. Moreover, the 

spread of digital technology into most industries 
is altering the circumstances within which less-
educated or otherwise marginalized workers 
strive to access solid livelihoods. 

To see this, it is worth looking at changes like 
what have been called “good jobs” or “middle-
skill” jobs—jobs that have the potential to help 
workers without a four-year college degree earn 
enough to support themselves and begin to move 
toward the middle class.57 Such jobs—here defined 
as full-time jobs that do not require a bachelor’s 
degree, yet pay higher than the national average 
wage—represent a critical first link to opportunity 
for tens of millions of the nation’s working-age 
adults and struggling families. Because they are 
at once obtainable and stable, these positions in 
some 89 accessible full-time occupations provide 
a critical initial link to economic advancement for 
the two-thirds of Americans who lack a college 
degree.

However, an analysis of the changing skills profile 
of America’s 14 million or so “good jobs” makes 

Austin TX

Bakersfield, CA

Boston, MA

Las Vegas, NV

San Jose, CA

 $20,000

 $30,000

 $40,000

 $50,000

 $60,000

 $70,000

 $80,000

 $90,000

 $100,000

 $110,000

 $120,000

 $130,000

R² = 0.2607

Correlation between metros’ mean annual wage and mean digital scores

FIGURE 14

Source: Brookings analysis of O*NET, OES, and Moody’s data

35 37 39 41 43 45 47

2016



33Digitalization and the American workforce

clear that the nation’s most accessible decent 
positions are rapidly digitalizing and therefore 
demanding more digital competency than in the 
past. Specifically, where the mean digital score 
of America’s good jobs clocked in at 29 in 2002, 
it had more than doubled to 50 by 2016 (Table 
7). Put another way, where 49 percent of these 
attainable full-time jobs required medium or high 
levels of digital competence 15 years ago, 87 
percent of them do now. Thus, a sizable portion of 
the nation’s critical middle-skill employment now 
requires dexterity with basic IT tools, standard 
health monitoring technology, computer 
numerical control equipment, basic enterprise 
management software, customer relationship 
management software like Salesforce or SAP, or 
spreadsheet programs like Microsoft Excel.58

Further, digital scores in numerous occupations in 
maintenance, production, health care, and sales 
have surged from low to high-medium thanks to 
the spread of digital tools. First-line supervisors 
of construction workers, for example, now rate a 
high-middle 55 digital score (up from 8 in 2002), 
while the digital scores of real estate sellers, 
bus and truck mechanics, and registered nurses 
have doubled since 2002 to reach solidly mid-
digital status. Beyond that, another 2 million 
good jobs—frequently technicians in audio-video 

or civil engineering or electronics—now require 
high-digital skills. In sum, tens of millions of jobs 
that provide the best routes toward economic 
inclusion for workers without a college degree 
turn out to be less and less accessible to workers 
who lack basic digital skills. Rapid digitalization 
suggests that millions of workers could be shut 
out of decent middle-skill opportunities if they 
lack the requisite skills. However, over 2 million 
high-digital, likely well-paying jobs do not require 
a college degree.

And here is the crux: the mean skills ratings of the 
jobs occupied by workers in various demographic 
groups differ in ways that almost certainly 
contribute to those groups’ uneven access to 
opportunity. 

One way to see this is by way of the Program for the 
International Assessment of Adult Competencies 
(PIAAC) survey, which shows that the level of 
proficiency by the measure of “problem-solving 
in [a] technology-rich environment” varies 
sharply by racial/ethnic group. The black and 
Hispanic populations have much larger shares 
rated “below level 1” on the PIACC technology 
proficiency measure compared to whites (Figure 
15). 

TABLE 7

Share of jobs by digital score and mean digital score, 2002 and 2016

Source: Brookings analysis of O*NET and OES data

All jobs Good jobs

 Employment 
 share, 2002

Employment 
share, 2016

Avg. annual 
wage, 2016

 Employment  
 share, 2002

Employment 
share, 2016

Avg. annual 
wage, 2016

Low 56% 30% $30,393 51% 13% $53,237

Medium 39% 48% $48,274 49% 72% $65,342

High 5% 23% $70,896 0% 16% $62,368

Mean digital score Mean digital score

2002 29 29

2016 46 50
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In parallel fashion, O*NET data also highlight this 
digital-skills access problem. Relatively modest 
aggregate variation across gender and racial 
lines obscures sharper variation across particular 
occupational groups, with clear implications for 
economic inclusion.

At the broadest level, the mean digital scores 
of the occupations filled by the members of 
particular demographic groups range notably 
(Figure 16). While occupations filled by white 
workers register a mean digital score of 48, those 
filled by Asians rate a much higher 51, while those 
held by black and Hispanic workers register at just 
44 and 40, respectively. Women occupy jobs with 
a slightly higher mean digitalization score of 48 
compared to 45 for men. That the relative rank 
order of these groups’ scores have not changed 
substantially even as the scores rose by 60 to 

80 percent between 2002 and 2016 underscores 
the difficulty in substantially improving groups’ 
relative human capital.

A closer look at the profile of particular groups’ 
employment further emphasizes the economic 
implications of differences of orientation and 
digital preparedness. Women, with slightly higher 
aggregate scores as a group than men, represent 
around three-quarters of the workforce in many 
of the largest medium-digital occupational 
groups, including the large (and growing) health 
care, office administration, education, and 
social service fields (Figure 17). By contrast, 
women remain significantly underrepresented 
in such highly digital positions as computer and 
mathematical occupations (25.5 percent) and 
engineering (14.2 percent). Conversely, men 
continue to dominate the highest-score computer, 
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 Occupation groups
Percentage point over- or under-representation 
compared with share of total workforce

Women Men White Black Asian Latino

Computer and Mathematical -21.3 21.3 -1.3 -4 15.2 -9.9

Architecture and Engineering -32.6 32.6 8.7 -6.3 5.5 -7.9

Management -7.7 7.7 11.2 -4.4 0 -6.8

Business and Financial Operations 7.9 -7.9 7.4 -2.2 1.7 -6.9

Arts, Design, Entertainment, Sports, and 
Media

1.7 -1.7 12 -5.3 -0.6 -6.1

Life, Physical, and Social Science -2.8 2.8 4.1 -5.5 9.9 -8.5

Legal 5 -5 15.9 -5.6 -2 -8.3

Office and Administrative Support 25.3 -25.3 0.3 2.2 -1.4 -1.1

Health Care Practitioners and Technical 28.8 -28.8 5.5 -0.1 3.5 -8.9

Education, Training, and Library 26.3 -26.3 10 -1.9 -1.4 -6.7

Community and Social Service 18.7 -18.7 0.6 6.7 -2.7 -4.6

Protective Service -24.5 24.5 -1.2 7.1 -3.3 -2.6

Installation, Maintenance, and Repair -43.2 43.2 3.7 -3.1 -2.9 2.3

Sales and Related 2.2 -2.2 2.3 -0.9 -0.4 -1

Health Care Support 40.9 -40.9 -15 15.4 -0.6 0.2

Production -18.6 18.6 -6.4 1 -0.2 5.6

Transportation and Material Moving -30.3 30.3 -9.6 6.5 -2.3 5.4

Construction and Extraction -43.8 43.8 -7.8 -5.1 -4.4 17.3

Food Preparation and Serving Related 6.7 -6.7 -10.7 1.9 -0.3 9.1

Personal Care and Service 30.5 -30.5 -6.8 4 3.2 -0.4

Farming, Fishing, and Forestry -24.5 24.5 -17 -7 -4.3 28.3

Building and Grounds Cleaning and 
Maintenance

-6.7 6.7 -21 2.7 -3.2 21.5

Percentage share in total employment 46.8 53.2 65.3 11.9 6.1 16.7

TABLE 8

Over and underrepresentation of gender and racial groups by occupational 
group, 2016

Source: Brookings analysis of O*NET and CPS data
Note: Blue and red highlighting represent over- and underrepresentation, respectively, in particular 
occupational group.
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engineering, and management domains as well 
less-digital transportation, construction, natural 
resources, and building and grounds occupations.

Equally sharp variation can be seen in the 
employment profiles of racial and ethnic groups. 
Whites, for their part, make up 65 percent of the 
workforce but remain overrepresented in such 
high-digital occupational groups as engineering 
and management and such medium-digital areas 
as business and finance, the arts, and legal and 
education professions (Table 8). Asians, by 
contrast, make up just 6 percent of the workforce 
but account for 21.3 percent of highly digital, 
high-pay computer and math occupations and 
11.6 percent of engineering occupations. Blacks, 
meanwhile, make up 12 percent of the workforce 
but are overrepresented in such medium-digital 
occupations as office and administrative support, 
community and social service, and health care 
support as well as lower-digital jobs such as 
transportation, personal care, and building and 
grounds maintenance. And while Hispanics 
make up about 17 percent of the workforce, they 
are heavily overrepresented in such low-digital 
domains as farming, construction, and buildings 

and grounds maintenance. Conversely, blacks 
and Hispanics are significantly underrepresented 
in high-pay, high-digital technical, business, and 
finance occupational groups and somewhat 
underrepresented in medium-digital legal, sales, 
and education positions.

In terms of change over time, these relative 
positions have not changed much over the last 
15 years, notwithstanding the pace of economic 
change. Despite slow growth in production and 
construction occupations, men do not seem to 
have heavily shifted into growing health care, 
personal care, or assistance jobs, for example. 
Nor have blacks or Hispanics made significant 
new inroads into medium- or high-digital 
occupational groups, although Hispanics have 
disproportionately expanded their presence in 
installation and maintenance, sales, construction, 
and farming. 

In sum, while digitalization holds out significant 
opportunities for less-educated or historically 
marginalized workers or groups to move up the 
employment ladder, too few of them appear to be 
making that progress. 

More than 32 million workers are employed in highly digital 

jobs, while nearly 66 million others hold moderately digital 

positions. Just 41 million jobs require only low digital skills.
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IMPLICATIONS: STRATEGIES 
FOR ADJUSTING

05

Digitalization is transforming the world of work. 
Workers, firms, industries, as well as entire 
regional labor markets are all being dramatically 
affected.

On the upside, the augmentation of workers’ 
abilities to perform existing jobs—combined with 
the creation of entirely new jobs—is delivering 
major benefits, including higher productivity and 
pay for wide ranges of workers, industries, and 
places. Digitalization, in this regard, is increasing 
the potential of individuals and society.

On the downside, the nation’s uneven distribution 
of digital skills—combined with the distinctively 
uneven impacts on digital technologies on the 
labor market—appears to be associated with a 
series of more troublesome impacts. 

Digitalization may be contributing to worker 
pay disparities, the hollowing out of job 
creation, and the divergence of metropolitan 
economic outcomes. That digitalization is a 
form of automation further underscores why 
anxiety surrounds the digital revolution, even as 
increased digital knowledge appears to be a stay 
against job loss. 

However, one thing is certain: the acquisition of 
digital skills has now become a prerequisite for 
individual, industry, and regional success. As such, 
the spread of digitalization underscores the need 
for new, widespread, and more creative initiatives 
to improve workers’, firms’, and regions’ access 
to relevant digital and related “soft” skills.
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In part, this need aligns with the familiar 
complaints of IT employers about the difficulty of 
filling high-skill technical openings, whether they 
are for software developers, data scientists, or 
cyber security professionals. This need relates, in 
turn, to the desire of states and cities to support 
high-value economic development. 

At the same time, the need to reorient training 
and education reflects another fact: that digital 
skills have now become a prerequisite for basic 
economic inclusion, including for people without 
a bachelor’s degree. In this regard, the fact that 
nearly 90 percent of accessible “good” jobs 
now require high- or medium-level digital skills 
exemplifies the reality that “entire segments of 
the economy are [effectively] off-limits to people 
who lack basic digital skills,” as observed by the 
market analytics firm Burning Glass.59 

In sum, major adjustments will be needed if 
society is going to make the best use of the new 
technologies without further expanding income 
disparities.60

Two distinct priorities (and one cross-cutting 
vision) appear urgent. 

First, firms, industry associations, educational 
institutions, and governments must work 
urgently with workers and students to expand 
the high-skill IT talent pipeline. And second, 
governments, businesses, and others need to 
greatly expand basic digital literacy, especially 
among underrepresented groups. 

Finally, on both fronts, an effort must be made to 
cultivate durable human qualities, not just rote 
skills better done by machines.

I .  E X PA N D  T H E  H I G H -S K I L L 
I T  TA L E N T  P I P E L I N E

The first order of business for many regions will 
be to expand the local pool of available IT talent 
in order to support growth and link workers to 
tech-sector employment.

Not only are specific “tech-creating” industries 
like software and IT a growing source of well-
paying jobs in scores of metropolitan areas, 
but digital jobs are diffused widely throughout 
dozens of broader “tech-using” industries that 
are creating sharp demand for skilled digital 
workers across the entire economy.

This means that regions and local industries 
have every reason to focus on increasing the size 
and depth of skillsets of the local IT workforce, 
given the need to simultaneously supply tech 
firms with talent, drive productivity in the rest 
of the economy, and promote opportunity. All of 
these priorities will require efforts both to upskill 
incumbent IT workers and greatly expand the 
pipeline for new tech talent. Most of them will need 
to leverage alternatives to the standard higher-
education pathway into the tech workforce.

Firms’ own improved management and training of 
current employees represents a critical starting 
point. With workers already in place, often with 
preexisting industry-specific IT knowledge, firms 
are the natural focal point for addressing regional 
skills needs. Likewise, middle-skill employees 
already in help-desk or network administration 
positions have baseline skills that make them 
good candidates to move up into software 
development and cybersecurity positions with 
additional training. Given that, companies, by 
their own initiative and through the use of 
government incentives, should invest urgently in 
IT upskilling strategies for incumbent workers, 
knowing that digital skills represent a key channel 
of productivity gains. To be sure, many employers 
fear that investments in training will be dissipated 
by worker mobility. 

Nevertheless, the digital imperative—and the 
difficulty of recruiting new people in tight labor 
markets—is prompting firms to do more. Tuition 
reimbursement programs are growing after a 
sharp contraction during the Great Recession. 
New online and accelerated learning models are 
at once lowering the cost of company-funded 
training and increasing its relevance by providing 
unbundled programs that target discrete in-
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demand skills. The Pennsylvania Economy League 
has highlighted industry-based associations that 
are exploring digital training best practices and 
that could foreshadow collaboration on joint 
digital upskilling efforts.61 Governments should 
further incentivize company-based digital 
upskilling by preserving and expanding relevant 
federal and state tax benefits for education 
assistance programs—and clarifying that programs 
need not be either conventionally accredited or 
degree-granting. States may also want to explore 

repurposing existing job creation incentives to 
cover education programs, particularly those tied 
to in-demand skills.62

However, firms’ internal upskilling efforts will 
never be able to provide sufficient IT talent 
development by themselves. Therefore, 
companies need to get much more involved in 
modernizing their local IT workforce development 
ecosystems, likely through the development of 
urgent, well-designed local sector strategies.

In 2013, AT&T identified a challenge: 100,000 
of its 240,000 employees were performing 
jobs that in 10 years’ time would become 
outdated. In response, the company dedicated 
itself to a comprehensive strategy—dubbed 
Workforce 2020 (WF2020)—for upskilling its 
incumbent workforce in preparation for the 
changing skill demands they anticipated. 
What has followed is an important illustration 
of both the disruptive impacts in store as 
digitalization spreads through the economy 
and the important role that thoughtful 
incumbent worker re-training will need to 
play in changing industries.

In the past four years, AT&T has spent 
$250 million dollars through WF2020 on 
professional development initiatives, as 
well as an additional $30 million annually 
on tuition assistance alone. Organizational 
structures were revised in order to root 
occupational roles more in current skill needs 
than operational function, and consequently, 
to promote employee mobility.

Central to WF2020 has been the notion that 
employee skill acquisition should be primarily 
self-guided and tailored to each participant’s 
own prospective career trajectory. The self-
service platform AT&T developed allowed 
employees to assess their skill profile, identify 
gaps in their competencies, and parse 
occupational hiring trends both at AT&T and 
nationwide. Armed with this information, 
employees were then able to work with 
their supervisor to schedule a personalized 
retraining program of in-person coursework 
and online nanodegrees to be reimbursed by 
the company upon completion.

Though far from being fully implemented, 
WF2020 strongly suggests that internal 
investment in skill development among 
incumbent workers is not only vital for 
cultivating robustness to market change, 
but can even allow legacy outfits like 
AT&T to better leverage their employees’ 
firm-specific human capital for maximum 
competitive advantage in new markets.

For more information: https://connect.att.jobs/workplace-2020

Sources: Aaron Pressman, “Can AT&T Retrain 100,000 People?” Fortune (March 15, 2017); John Donovan 
and Cathy Benko, “AT&T’s Talent Overhaul,” Harvard Business Review (October, 2016)

Getting with the program: AT&T’s plan to prepare incumbent workers for 
an uncertain digital future 

https://connect.att.jobs/workplace-2020
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Firms have not always been energetic about 
signaling their specific talent needs or in shaping 
the regional talent pipeline. Thus, tech and IT-
using firms should engage much more actively 
in the development of strong regional skills 
partnerships that bring together firms, community 
colleges, investment boards, accelerated learning 
companies, non-traditional intermediates, and 
others to deliver dynamic training solutions.

What might some of those solutions look like? 
One bundle of industry-aligned solutions clearly 
must involve a radical expansion of work-based 
training and recruitment. As with incumbent-
worker upskilling, new-worker training in IT 
lends itself to non-degree, badge- or credential-
based immersive or experiential learning 
around discrete tech platforms. Likewise, while 
apprenticeships, co-ops, and internships have 
been underutilized in IT, they, in fact, hold out 
special promise for the same reason. Given this, 
regional tech communities should work together 
to greatly scale up the use of competency- and 
work-based training approaches for IT roles. 
The two strategies are mutually supportive in 
their ability to widen the IT talent pipeline. The 
wider the spread of certifications like CompTIA 
A+, Microsoft Certified Solutions Developer, 
or VMware Certified Professional, the easier 
it becomes to confirm the possession of skills, 
however they were obtained.63 

A greater embrace of apprenticeships and paid 
internships—linked to IT certifications—can widen 
the pipeline of future employees by reaching 
beyond the standard flow of university computer 
science or engineering graduates. And so local 
consortia of firms, economic development 
organizations, workforce intermediaries, 
community colleges, philanthropies, and others 
should work together to promote certification-
based IT learning in regions and pair it with a 
systematic expansion of internship, co-op, and 
apprenticeship opportunities. To be sure, some 
of this promotion is happening organically. But 
to reach scale, such efforts will likely require the 
organizational leadership of the key IT-sector 

industry intermediaries in each region—whether 
an industry association, accelerator, or cluster 
hub. Such a lead entity can serve as a central 
focal point for organization, promotion, outreach, 
intake, listings, referrals, and information 
exchange.

Related to expanding certifications and work-
based training in regions is the need to broaden the 
availability of accelerated learning solutions, 
such as tech “boot camps” and code schools. 
Such learning accelerators—ranging from the 
Flatiron School in New York to Galvanize’s School 
in Denver to General Assembly in multiple cities—
have won praise for their success at delivering 
immersive, in-person courses (often tied to job 
placement) that prepare or retrain workers for 
the jobs of the digital future. As such, the mostly 
private, for-profit accelerators have pioneered in 
working out a structured, industry-aligned route 
into the IT workforce. And yet, because their 
costs are high and their capacity limited, the boot 
camps’ impact remains smaller than it might be. 
Moreover, several programs have closed recently 
because their leaders struggled to locate a 
sustainable business model.64 For these reasons, 
regional IT communities should work to stabilize 
and expand the model. Employers should embrace 
the startups as key links in aligned training. 

States, municipalities, and foundations may want 
to invest funds to attract learning accelerators 
and subsidize the price of training slots. Colleges 
and universities might also consider partnering 
with accelerators to offer programs for credit. 
Traditional universities and community colleges 
should duplicate the kinds of offerings provided 
by the accelerators (some now are), thereby 
making more practical digital training available 
with public funding.65 The accelerated learning 
model is an IT-native training solution that merits 
further adoption. Along with incumbent-worker 
upskilling and competency- and work-based 
solutions, the boot camps and code schools 
have already transformed discussions about 
“employer-centric” workforce development. 
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These approaches to expanding the tech 
workforce—incumbent training, competency- and 
work-based solutions, accelerated learning—won’t 
suffice by themselves. Focused efforts will also 

need to include women and people of color in IT 
training initiatives and to expand and improve 
computer science instruction in higher education 
and K-12. 

Jim McKelvey, founder of the mobile payment 
platform, Square, began LaunchCode in 2013 
in response to a troubling observation he had 
made when attempting to get Square off the 
ground in his hometown of St. Louis. While 
the city struggled with persistently high 
unemployment, the dearth of digital skills 
in the local labor market was consistently 
leading entrepreneurs in tech-oriented 
industries—McKelvey included—to invest 
outside of the region. Moreover, regional 
socio-economic disparities were being 
aggravated by historically underrepresented 
groups’ lack of access to traditional 
educational credentials, precluding their 
participation in the high-wage, highly 
digitized segment of the labor market. 

In considering how to attack both problems, 
LaunchCode identified skill-specific technical 
certifications and paid apprenticeships 
as key gaps in the region’s IT talent 
pipeline. In conjunction with its national 
education partners and participating 
businesses, including recognizable names 
like MasterCard and Anheuser-Busch, 
LaunchCode has trained thousands in 
various programming languages, webpage 
design and development platforms, and 

connected over five hundred workers with 
new tech-intensive apprenticeships and 
permanent positions. LaunchCode has also 
explicitly targeted the gender and racial 
disparities that this report has shown 
across occupations. For example, its year-
long, cost-free CoderGirl program is aimed 
squarely at the underrepresentation of 
women in highly digital occupations, and 
offers specialized learning tracks in database 
management, mobile app development, user 
experience design, and more. In line with 
the program’s founding objectives, nearly 
half of LaunchCode’s 2016 apprentices 
were formerly unemployed, and the 80 plus 
percent who were ultimately hired full-time 
experienced on average a doubling of their 
wages. 

Over the last four years, LaunchCode has 
spread from its base of operations in St. 
Louis to other major metropolitan regions—
South Florida, Providence, Kansas City, 
Seattle, Portland—suggesting as well the 
scalable potential of their skills development 
model. In June 2016, it received support 
through 2020 from the Department of Labor 
totaling $7.8 million for its Pacific Northwest 
expansion.

For more information: https://www.launchcode.org/

Sources: LaunchCode, “Annual Report 2016” (https://www.launchcode.org/annualreport/2016) and “Press 
Release – June 27, 2016” (https://www.launchcode.org/press#06-27-2016); Jean Martin, “Talent Matters: 
The case for reaching out to non-traditional IT talent,” The Washington Post (March 30, 2016); Sarah Kes-
sler, “How Jim McKelvey’s LaunchCode is Helping Unconventional Tech Talent,” Fast Company (April 18, 
2016) 

Squaring off against digital disparities: LaunchCode offers St. Louis 
workers accessible on-ramps to tech-intensive careers 

https://www.launchcode.org/
https://www.launchcode.org/annualreport/2016
https://www.launchcode.org/press#06-27-2016
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Improved inclusion requires an urgent push to 
provide career on-ramps, with an emphasis on 
underrepresented populations. Data presented 
here confirm the gross underrepresentation 
of woman and people of color in most higher-
digital industries and roles. Given that, outreach 
and inclusion need to become the hallmarks of 
IT workforce development. Part of this effort 
must involve more compelling communication. 
Regional business and civic leaders need to do 
a better job of painting an inspiring picture of 
the opportunities available in local tech roles 
for people of all backgrounds. But beyond that, 
more programs like Girls Who Code or Black Girls 
Code need to be undertaken to expose girls and 
minorities to the breadth and diversity of tech 
opportunities. And here the need to “make it real” 
with immersive, work-based engagement is even 
more urgent than for more traditional groups. 

In schools or neighborhoods, visits from tech 
professionals, after-school hackathons, and 
summer camps can help expose girls and minority 
kids to IT skills and careers as well as create interest 
for extracurricular tech education experiences. 
Likewise, job-shadowing opportunities at firms 
and other workplace exposure—if made available 
to underserved candidates—can do the same 
for potential applicants. If well managed and 
supported by timely follow-up, such one-off 
experiences can be leveraged to engage students 
in deeper learning programs, whether in schools 
or elsewhere. Once beginner skills have been 
conveyed, wrap-around support services and 
scholarships can help ensure participation and 
persistence in internships, co-op stints, and 
accelerated learning programs.

Meaningfully expanding the IT talent pipeline will 
also require sustained work to align and expand 
computer science (CS) education. At the higher 
education level, CS education improvement 
represents a familiar variant of the ongoing 
efforts in many states and metropolitan areas 
to align education and training offerings with 
local sector needs.66 To achieve such alignment, 

employers—ideally in concert with each other—
need to define common skill requirements and 
actively communicate them to local educational 
institutions. Education leaders, for their part, 
need to respond accordingly, ideally by adopting 
some of the work-centric education models noted 
here. Such alignment, while challenging, is at 
least of a familiar type. 

Expanding K-12 CS education is different. 
Incorporating computer science into a state’s 
system of education means adding an entirely new 
subject into most states’ educational offerings, 
as observes the coding advocacy group Code.
org.67 To achieve that, states and cities should 
go both narrow and wide. On the narrow side, 
states and school districts should develop more 
non-traditional, digitally oriented schools that 
provide learning paths focused on, say, coding or 
cybersecurity.68 Currently, lengthy waitlists attest 
to the popularity of many regions’ few digitally 
themed career and technical academies (CTAs). 
More CTAs and also high-quality charter schools 
focused on coding and tech (particularly in high-
need areas) would contribute efficiently to IT 
development.69 

Thinking more widely, states and school 
districts need to put in place plans, programs, 
and accountabilities to provide high-quality 
K-12 CS education for all. To their credit, states 
like Arkansas, Massachusetts, and Washington 
and districts like those in New York, Chicago, 
San Francisco, and Broward County, Fla., have 
made strong moves to create CS education 
plans and achieve digital inclusion, whether 
through CS standards, added funding, and 
professional development for teachers or by 
special requirements and champions.70 Though 
important initial steps have been enacted, efforts 
to integrate CS into K-12 education remain mostly 
inadequate to scale CS sufficiently to achieve 
the twin goals of universal student access 
and substantial greater educational inclusion. 
Accordingly, states and districts are going to need 
to innovate to locate substantial new resources to 
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achieve faster progress. Effective public-private 
partnerships will likely be necessary to develop 
strategies to seek third-party funding from 
philanthropy or industry.

I I .  E X PA N D  BAS I C  D I G I TA L 
L I T E RACY,  ES P EC I A L LY 
A M O N G  U N D E R R E P R ES E N T E D 
G R O U PS

Conventional—or unconventional—talent pipeline 
development for IT professions can’t be the only 

objective of the digital training and education 
agenda, however. Digitalization has now 
proceeded to the point that broad exposure to 
basic entry-level office applications is essential 
for everyone. And such exposure may matter 
more than IT pipeline initiatives if the United 
States is going to build an advanced economy 
that works for all.

The national debate about technology skills 
continues to focus on sophisticated, high-tech 

For the last three years, Utah’s STEM Action 
Center has been effectively coordinating a 
myriad of different programs and initiatives 
aimed at improving digital literacy and 
raising awareness of STEM careers among 
K-12 students. These have included the 
establishment of STEM designations for 
elementary and high schools, industry-
recognized technical certifications, and 
hosting science and engineering fairs, 
competitions, and camps with partner 
organizations throughout the state. 

Consistent with this report’s 
recommendations, STEM Utah has taken 
seriously the need to engage students in 
these subjects early with age-appropriate 
outreach and marketing efforts tailored to 
their interests. Funded by a $1.5 million dollar 
grant from refining and logistical services 
firm, Andeavor (formerly Tesoro), the 
Utah STEM Bus—or USB—has been visiting 
Utah schools offering intensive and highly 
interactive course modules on robotics, 3D 
printing, game design, and more, engaging 
students in regions where similar enrichment 
opportunities are often limited. The Center’s 

work with Code.org is also explicitly focused 
on prepping females and underrepresented 
demographic groups for careers in computer 
science. 

Included in the state legislature’s original 
appropriation establishing the STEM Action 
Center was $13.5 million for the express 
purpose of expanding access to innovative 
instructional technologies for mathematics 
in public schools. It now offers grants for any 
of six different personalized digital learning 
programs, and in the 2015-2016 school year, 
those who received grants found students 
were on average 1.7 times more likely to 
perform at grade level proficiency than their 
peers at schools which did not.

STEM Utah has proven that for states and 
municipalities focused on meeting evolving 
skill demands in the labor market, it is 
crucial to introduce today’s youth early to 
the exciting and rewarding opportunities 
available to them in the emerging science 
and technology industries that form the core 
of the digital economy.

For more information: https://stem.utah.gov/

Source: STEM Action Center Utah (https://stem.utah.gov/) 

Better basics: STEM Utah’s multi-pronged approach to engaging K-12 
youth in tech careers

https://stem.utah.gov/
https://stem.utah.gov/
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skills such as writing code. Certainly, initiatives 
such as scholarships for code academies and the 
like are highly relevant to improving the diversity 
of the high-skill IT pipeline. However, the data in 
this report suggest that when it comes to the 
nation’s broader economic health, the larger 
impact on U.S. prosperity may come elsewhere—
in what Burning Glass calls the “humbler world 
of everyday software: spreadsheets and word 
processing, programs for medical billing and 
running computerized drill presses.”71

That the mean digital score of America’s 14 million 
accessible “good jobs” nearly doubled from 29 in 
2002 to 50 by 2016 underscores why such “every 
day” software matters so much. Serving as classic 
door-opener positions, mid-digital jobs in offices, 
retail, health care, factories, and management 
represent the crux sites of economic inclusion—
the places where those without advanced 
education can hook onto the mainstream. And yet 
the rapid score increases tracked in this report for 
such positions—along with parallel evidence from 
Burning Glass’ analyses of online job postings—
reflect that basic digital skills, specifically 
spreadsheet and word-processing proficiencies, 
have now become a baseline prerequisite for the 
vast majority of middle-skill decent jobs.72 Where 
this report notes that 87 percent of such on-ramp 
jobs are now high- or medium-digital, Burning 
Glass reports basic productivity software skills 
are requested in 78 percent of the online postings 
for such positions. As to the overall labor market 
story, the present analysis shows that the more 
digital the on-ramp “good jobs” studied here are, 
the faster are their numbers and pay growing.73

All of which suggests the urgency of adding a 
new, less-glamorous focus on the basics such 
as Microsoft Excel or Salesforce customer 
relationship management (CRM) software to 
the digital skills agenda. It is probably fair to 
say that the social good of having every high 
school student in America learn Salesforce might 
outstrip other trendier agendas in tech.

In any event, business, civic, and government 
should move urgently to expand the public’s 

understanding of the value of software basics. 
To accomplish this, new partnerships will need to 
leverage broad, often digital, outreach techniques 
so as to increase the speed of basic upskilling.

One place to start on this work is through the 
crafting of broad awareness campaigns. Such 
campaigns have been shown to help inspire 
engagement in other fields and surely could 
help broaden the number and diversity of people 
developing basic computer skills. Business, 
community, government, and philanthropic 
leaders may want to develop powerful national, 
state, or regional marketing campaigns focused 
on the value of basic digital skills and targeted 
at youth, underrepresented groups, and those 
who influence them. Such campaigns would not 
concern themselves with promoting sophisticated 
skills like coding. Instead, they would seek to 
reach various target audiences—girls, minorities, 
students at different grade levels, young workers—
with tailored, vivid messages conveying the 
myriad ways basic computer skills and software 
competences can open up career opportunities of 
all sorts. 

For each of these groups, targeted social media 
appeals, engaging videos, and links from gaming 
sites would seek to bootstrap slices of the vast 
screen time of young audiences toward basic 
awareness of related career possibilities and the 
basic tech knowledge needed to support them. As 
to whether such strategies can make a difference, 
one only has to recall the genius activation of 
consumer behavior by tech platforms like Apple 
and Amazon to appreciate the power of vivid, 
sustained messaging on the benefits of basic 
productivity software to expand familiarity with 
basic workplace tools.

A more structured brand of digital skills 
exposure can be achieved through the basic 
K-12 education system. Just as Hour of Code 
programming experiences have begun to 
increase computer science study in high school, 
a more concerted push to encourage mastery 
of basic productivity software has the potential 
to materially improve young workers’ fortunes 
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in the labor market. Student acquisition in high 
school of entry-level IT certifications—say for 
basic office productivity software applications—
begins to look like a powerful way to prepare at-
risk learners (and all others) for college success 

and meaningful employment. Accordingly, state 
boards of education and school districts should 
work with business to introduce or scale up 
basic productivity software exposure and 
credentialing for all. 

Executives, advocates, and educators 
insist on the need for more students to 
obtain sophisticated digital skills like 
software programming as a route to quality 
employment, and undoubtedly it would be 
beneficial for more young Americans to 
learn how to code. However, evidence in 
this report suggests that excessive focus 
on high-level digital skills like coding may 
be obscuring another gap in workforce 
preparation: the lack of broad exposure 
among students to the humbler realm of 
everyday software such as spreadsheets and 
enterprise management platforms that have 
become ubiquitous in millions of workplaces. 

This is where Microsoft’s Imagine Academy 
(originally IT Academy) comes into the 
equation. To bring digital workplace skills 
to North Carolina, Microsoft (also a partial 
funder of this report), partnered with 
the North Carolina Department of Public 
Instruction in 2010 to make available 
Imagine Academy subscriptions to all 628 
public high schools in the state and ensure 
students were able to earn certification as 
either a Microsoft Office Specialist (MOS) 
or Microsoft Technical Associate (MTA). 
Imagine Academy’s use of e-books and 
online course modules and quizzes allows 
students to progress through the requisite 

coursework at their own pace wherever they 
can get online, both in the classroom and 
out. 

These designations give high school 
students a strong upper hand in their first 
foray into the labor market by signaling 
to prospective employers their training 
in some of Microsoft’s most ubiquitous 
office productivity software, like its Office 
suite. For those students with the aptitude 
and interest, more advanced courses on 
network administration and database 
programming are now also being offered. 
In the past year, North Carolina surpassed 
300,000 certifications to date, reflecting the 
tremendous annual growth the program has 
experienced since its creation. Over 1,300 
students have to date gone on to obtain 
Master-level certifications through Imagine 
Academy, the highest level attainable.

The NC-Imagine Academy partnership 
illustrates precisely how multi-stakeholder 
collaboration on workforce development 
can yield programs that target teaching 
towards the most immediately applicable 
digital skills, and which numerous student 
testimonials make clear, prove to be highly 
rewarding.

For more information: https://www.microsoft.com/en-us/education/imagine-academy/default.aspx 

Sources: North Carolina Department of Public Instruction, “Microsoft IT Academy” (http://www.ncpublic-
schools.org/msita/); Microsoft Imagine Academy (https://www.microsoft.com/en-us/education/imagine-
academy/default.aspx); Authors’ own communication with Microsoft staff

A foot in the door: Microsoft’s Imagine Academy brings productivity 
software certification within reach for North Carolina high school students

https://www.microsoft.com/en-us/education/imagine-academy/default.aspx
http://
http://
https://www.microsoft.com/en-us/education/imagine-academy/default.aspx
https://www.microsoft.com/en-us/education/imagine-academy/default.aspx
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In this regard, the national push to roll out K-12 
CS study in every state is essential, but narrow 
by comparison with the broader exposure to 
more basic everyday software necessary to 
help middle-skill job-seekers maintain a place 
in a changing economy. Fortunately, though, 
numerous relevant IT-instruction programs exist 
online and in blended classroom programs and are 
making widely available high-quality IT curricula 
both inside and outside of school time. Many of 
these programs allow participants to acquire 
certifications for applications such as Microsoft 
Office and Oracle Database. Partnerships to make 
such instruction and certifications universal 
represent a low-cost, wide-reaching way to 
leverage IT training for social inclusion.

In sum, the importance of digitalization in 
economic life requires a much more concerted 
effort than has yet occurred to not just expand 
the talent pipeline for high-skill tech roles, but 
also to diffuse entry-level digital skills to basically 
everyone. In each case, discrete, certifiable digital 
skills must be conveyed far more widely than 
they have been.

I I I .  CU LT I VAT E  D U RA B L E 
H U M A N  Q UA L I T I ES

Because of the nature, speed, and unpredictability 
of current technology trends, conventional skills 
development alone won’t be enough. Both the 
digital training and education priority agendas 
must include a special focus—perhaps paradoxical 
in the age of brilliant machines—on developing 
particular “soft” or “human” skills.74

Why does this matter? Human traits matter even 
more than before because the present unfolding 
era of astronomical computational speed means 
humans must focus on “what we are that 
computers aren’t,” as Andrew McAfee and Erik 
Brynjolfsson say.75

The fact is that as IT continues to substitute 
for many tasks and complement other types 
of work, workers will need to develop skill sets 
that increasingly transcend rote clerical work 

and allow for resilience in the face of change. 
Cultivating inherently human soft skills—such as 
adaptability, curiosity, and social intelligence—
will be key to ensuring workers, industries, and 
places can prosper in the coming decades as IT 
advances accelerate and improvements in areas 
like artificial intelligence scale up. 76

Drawing out such soft skills is becoming a critical 
special priority that must transform both IT 
talent development and efforts to broadly diffuse 
exposure to digital office tools. This priority 
parallels the recent advocacy for inserting an 
“A” for “arts” into so-called science, technology, 
engineering, and math (STEM) education, with 
the proviso that the “A” also needs to stand for 
virtues like adaptability. Specifically, training 
efforts will need to call forth and develop skillsets 
that increasingly emphasize flexibility, a passion 
for self-directed learning, and interpersonal skills 
over rote information processing or repetitive 
manual task completion, as the National Academy 
of Sciences panel on IT has stressed. 77 

Adaptability is now required because the rapid 
evolution of IT applications will continue to disrupt 
markets and reorient the types and numbers of 
jobs available, as well as the skills needed.78

A facility for constant learning is likewise now 
required because adaption to constant IT change 
requires constant reskilling, as software packages, 
technologies, and business models change.79 

The need to focus on adding value beyond 
what computers can add makes it important for 
students and workers to cultivate the uniquely 
human interpersonal skills that machines don’t 
possess. Many commentators point out that the 
inherently social nature of human life means that 
some of the most durable human roles in the 
digitalized economy will be those that are the 
most inherently social.80 For example, the ability 
to assess and work with people’s emotional 
states and social drives, whether as consumers 
or patients, will remain a deeply human skill for 
some time to come, as McAfee and Brynjolfsson 
suggest. Already, in fact, recent scholarship 
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shows that the labor market increasingly rewards 
social skills while math-intensive, less social job 
categories have begun to contract.81

In keeping with all of this, then, training and 
education initiatives of all kind need to respond 
to digitalization not just with tech skills but with a 
stronger focus on strategies aimed at cultivating 
particular sorts of soft traits that will maximize 
the ability of humans to add value in a new 
machine age. 

With much change ahead, both IT pipeline 
initiatives and broader software exposure efforts 
should foster adaptability by incorporating 
exercises and experiences that encourage 
critical thinking, build a readiness to deal with 
unpredictable or uncertain work challenges, and 
help people manage transitions.82

Likewise, every sort of training response to 
digitalization should encourage a mindset of 
constant learning and leverage the full panoply 
of modern training channels to do that, including 
classroom/in-person training, distance/e-
learning, just-in-time on-the-job training, and 
web-based delivery and methods that blend web-
based with in-person learning. Digital tools can 
be used to convey digital skills, but the crucial 
priority must be to change the culture of learning 
to establish learning as a lifelong passion 
appropriate to the need to consistently acquire 
new skills over time.83

And finally, the fact that no skills will be more 

durable or valuable than such uniquely human 
skills as social perceptiveness means that all 
kinds of training and education should do more 
to focus on enhancing interpersonal skills and 
emotional intelligence. New ways of working 
and of optimizing teamwork (such as design 
thinking and project learning) have begun to 
be widely disseminated, for example, and can 
improve education and training. Social skills 
such as persuasion, social intelligence, emotional 
responsiveness, and teaching others may well 
be in higher demand in the near future than 
narrow technical skills such as programming, 
and they can be sharpened through new forms 
of education.84

It won’t be easy to develop a curriculum or 
training modules for teaching or enhancing 
such noncognitive qualities, even though that 
is what needs to be done. Still, the outlines 
of what is needed are beginning to become 
clearer, in circumstances such as early childhood 
interventions to help parents nurture children’s 
development, new cooperative learning models 
in middle school, and so-called project-based 
learning approaches in high school, college, and 
the workplace.85

The greatest education and training needs placed 
on families, schools, and firms by the further 
digitalization of the workplace may not be just 
the mastery of more and different computer 
skills. Instead, the work ahead will likely be at 
least as much about getting better at doing the 
human things the machines cannot.

Digitalization is transforming the world of work. Workers, 

firms, industries, as well as entire regional labor markets are 

all being dramatically affected.
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CONCLUSION06

This report quantifies, details, and maps the rapid 
progress of a massive economic trend that is 
changing the world of work radically. It attaches 
granular statistics to a sea change and tries to fill 
a gap in assessment.

Digitalization, after all, has been hard to get a grip 
on. Because of its ubiquity, it has not been easily 
measured. Because of its newness and power, it 
has been the subject both of excessive hype and 
growing fear, which is why this analysis has tried 
to provide new clarity about digitalization by 
providing new data and a balanced view.

This analysis has shown that digitalization is 
a hugely important trend and ultimately an 
ambiguous one. Digitalization is clearly spawning 
enormous benefit for the workers, industries, and 
places that immerse in it. Specifically, the advent 
of enhanced computing power and accelerating 
network speeds appear to be increasing the 

productivity and wages of the workers, industries, 
and places that adopt them. To the extent that 
computerization and artificial intelligence hold 
out the promise of a new productivity boom, 
digitalization must be pursued as a key goal for 
achieving regional and national prosperity. 

And yet, the uneven distribution of digital skills 
across races, genders, and places—combined 
with the nature of these technologies’ power—
is understandably contributing to widespread 
disquiet about the economy. Because digital 
technologies amplify the impact of some types of 
human labor while devaluing other work, they are 
inordinately benefiting some workers and places 
while marginalizing others. Likewise, the fact 
that digitalization is a form of automation means 
that its wide diffusion raises understandable 
concerns about near- and medium-term worker 
displacement. Even in the longer term, legitimate 
concerns surround the question of whether the 



Brookings Metropolitan Policy Program50

advantages of digitally driven new work will 
offset the potential of large-scale job losses in 
the interim.

In view of this ambiguity, and in the face 
of significant uncertainty, a few practical 
recommendations may provide some direction 
forward.

First, states and regions must work urgently 
with industry to expand their local pools of high-
quality IT talent, knowing that the digitalization 
of everything will continue to expand the 
need for well-prepared technical talent, not 
just in IT-producing industries, but throughout 
the economy. For years to come, this type of 
employment will be a source of well-paying 
jobs that will facilitate the digitalization of local 
firms and benefit regional prosperity. There is no 
option for workers, industries, and places except 
to immerse in digitalization.

Second, and perhaps more important, 
governments, the civic sector, and industry should 
develop strategies for radically broadening the 

exposure of those without a college degree to 
basic workplace productivity software. After 30 
years of digitalization, the facts are increasingly 
clear: a basic knowledge of Microsoft Office and 
other everyday software is now a prerequisite for 
joining the mainstream economy. Going forward, 
career on-ramp and opportunity jobs will be 
increasingly digital, so regions and intermediaries 
that want to craft an advanced economy that 
works for all will need to help underrepresented 
populations skill up in a specifically digital manner.

And finally, even while learning to work better 
with computers, all workers—whether in the 
higher-end IT pipeline or elsewhere—need to think 
much more seriously in the age of digitalization 
about what they can do that computers can’t. 
Computing will soon be virtually everywhere, 
which prompts jitters, yet that amounts to an 
incredible opportunity. People will be freed up 
to give the rote work to the machines and use 
their uniquely human qualities to solve pressing 
problems and lead unimagined advances. People 
of all walks of life should get started with that.
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