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Ensuring the Education and Skills Needed
for ICT Employment and Economic Growth

Richard N. Clarke

12.1 Overview

Information and communication technologies (ICTs) are becoming an
increasingly important component of modern economies. Use of these tech-
nologies has been a principal, if not the most important, driver of economic
growth over the past half century. They have enabled economies to trans-
form from a physical labor manufacturing focus into ones based on the use
of intellectual knowledge to provide services.

But associated with this transformation in productive techniques and
outputs has been a radical change in required labor skills. Industrial man-
ufacturing or office work during the first three quarters of the twentieth
century required mostly blue and pink collar skills: laborers or skilled
tradesmen and secretaries, clerks or typists. As ICTs developed and
increased their influence over both the manufacturing and service sec-
tors, this began to change. Rather than the physical laborer being the
most important person on the assembly line, it became the designer or
programmer of the manufacturing robot or other automation equip-
ment, as well as the skilled worker who maintained and repaired this
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equipment. Offices and service production centers also were depopulated
of secretaries, clerks, typists and mid to lower managers who had compiled
paper reports and provided communication links between upper manage-
ment and production workers. Instead, these tasks devolved upon com-
puter and communication networks—and the persons who knew how to
design, program and operate them.

Further, the skills needed to develop or use ICTs generally require edu-
cation or training that differs substantially from the education and training
required to be productive in the earlier twentieth century economy. Rather
than trade apprenticeships, interpersonal relationships and on-the-job
training, ICTs demand an educational background in science, technology,
engineering and mathematics (STEM)—one which liberal-arts focused sec-
ondary and post-secondary educational institutions often struggle to provide
on an efficient basis.

This chapter examines the growth and economic significance of ICTs
and ICT employment in today’s economy. It goes on to detail the par-
ticular skills and education required for workers to be productive partic-
ipants in ICT-centric economies. It then discusses several education and
training innovations that hold promise for workers to acquire efhiciently
these skills. Finally, it concludes by describing how one major ICT-focused
corporation, AT&T, is promoting these ICT-based methods as a way to
ensure that it has a productive workforce—and to provide an easy and
efficient gateway for its business and residential customers to access the
STEM skills necessary to make productive use of the ICT services that
AT&T produces.

12.2 Influence of ICTs in Today’s Economy

ICTs have a profound influence on today’s economy. Not only is there a
huge industry responsible for creating these technologies, but the ICT-
creating industry is dwarfed by the segments of modern economies that
make use of ICTs. Indeed, the influence of ICTs on the economy is
much greater from their use than from their initial development and sale.
But in addition to their vast influence on output markets, the unique
demands of ICTs cause them to have an equally immense influence on
markets for productive input factors, particularly labor. The following
section will address the influence of ICTs on both output markets and
labor markets.
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12.2.1 What Are ICTs?

ICTs are multifaceted. Perhaps the most well-known embodiment of ICTs
is in information processing equipment: computers. While in the past,
computers were bulky mainframe equipment—housed in special climate-
controlled rooms and tended to by a small cadre of specialist technicians,
today this represents a minority of computing equipment. Today’s typical
computer is a desktop or laptop PC, at its largest—and goes down from
there. Smartphones, digital cameras, GPS units, and even microwave ovens
or clock radios, are all computers. But these are typically tended to by peo-
ple whose principal profession is not computing, but who commonly have
at least some knowledge or competence in the field.

Perhaps less visible than computing equipment is communications equip-
ment. In the past, these were special purpose analog or digital switches or
transmission equipment—also housed in special climate-controlled rooms or
buildings and tended to by a small cadre of specialist technicians. But today,
communications equipment is everywhere—not just inter-linking the large
nodes of communications companies with each other and with their direct
customers. Ordinary homes contain elaborate Ethernet, MoCA or Wi-Fi net-
works, and commercial communications use of the airwaves is everywhere—
from mobile wireless to RFID sensor networks to satellite radio or television.!

Further, almost all present-day computing equipment also incorporates
communications capabilities. The era of the standalone computer fed by
punch cards and computer tapes, and outputting miles of paper printouts is
over. Inputs to and outputs from today’s computers now travel almost exclu-
sively via digital communications technologies.

But ICTs are not just embodied in computing and communications
equipment. Dwarfing this investment in equipment is investment in the
software technologies that make this equipment operational and useful. This
investment divides into two types. The first is the human investment sunk
into developing the software that both operates the vitals of the ICT equip-
ment as well as performs the applications that users intend the equipment
to execute. But even more significant is the human investment in the users
of this operating and applications software. While the former investment
may be restricted to employees of the software companies creating these pro-
grams, the latter is diffused among all companies and individuals that actu-
ally use this equipment. Given the immenseness of this human investment, it
is little wonder that operating and applications software frequently has useful
lifespans many times longer than the equipment upon which it operates.



204 R. N. Clarke

12.2.2 Influence of ICTs on Economic Growth

ICT has three major pathways of influence on the economy: via the
provision of physical ICT infrastructure, via the development and provision
of ICT-based applications, and via the use of ICT infrastructure and appli-
cations by businesses and residential users.

The most direct and obvious influence of ICTs on the economy is via
the production of ICT infrastructure. ICT infrastructure includes items
like Internet Protocol networks, electronic computing and communi-
cations equipment, the user devices connected to the network and the
special-purpose building structures that may house this equipment. In 2013,
US companies invested $94 billion in computers and their peripheral equip-
ment, invested $110 billion in communications equipment, and invested
$13 billion in communications structures (U.S. Department of Commerce
2015). But these communications networks and computers are of little
value without operating software to bring them to life and without applica-
tions software to make them useful for the tasks that business and residence
customers seek to accomplish. Investment expenditures on this software
amounted to $299 billion in the US in 2013. Altogether, these ICT invest-
ments have accounted for roughly 20% of all private fixed investment in the
US in recent years. The growth history of each of these categories of ICT
investment is displayed in Fig. 12.1. While investment in ICT equipment
and structures has been relatively stable over the past ten years, investment

in software has expanded significantly.
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Fig. 12.1 Annual investment in ICTs in the United States: 1990-2013 (billions)
(Data source Brogan 2014)
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While these infrastructure and software investments by themselves
amount to over 3% of annual US Gross Domestic Product, ICT invest-
ments represent only the tip of ICT iceberg. The most profound economic
impact from ICTs derives not from the production of computers, communi-
cation networks or software, but from the use of these ICT components by
businesses and residences in their productive activities. This is because the
percentage of all businesses and consumers using ICTs is very much larger
than the percentage of businesses creating them.

The influence of all of this ICT investment on the US national economy
is nothing short of massive. Over the thirty years between 1974 and 1994,
ICTs are estimated to have accounted for roughly 50% of total labor pro-
ductivity growth in the US economy. While from 2004 to 2012 this share
has dropped to around 40%, ICT’s influence on total US growth remains
very strong (Byrne et al. 2013; Miller and Atkinson 2014). Indeed, software
alone is estimated to be responsible for over 15% of all US labor productiv-
ity growth between 2004 and 2012 (Shapiro 2014).

12.2.3 Influence of ICTs on Employment and Wage
Growth

While it is clear that ICT production and use have had massive, positive influ-
ences on overall economic growth, their effects on labor employment and wages
are more complex. This is because ICT use may displace non-ICT services and
labor—which may result in some economic sectors and their workers suffering
employment loss or wage reductions. Thus, the immediate effect of expanded
use of ICTs on total employment and average wages may be ambiguous.

Note, first, that ICT-centric jobs exist within both ICT-producing sectors
(e.g., businesses that manufacture computers or communications equip-
ment and firms producing software or operating or installing networks)
as well as in ICT-using sectors such as finance or aerospace. Note, further,
that ICT-producing businesses also employ many workers engaging in non-
ICT-centric jobs. As a result, ICT-related employment consists of both these
groups. This is illustrated in the following graphic (Fig. 12.2).

As the above graphic also indicates, ICT occupations both inside and
outside of the ICT-producing sector are growing rapidly—with a total of
7.0 million jobs in 2010 estimated to rise to 8.0 million by 2020. In addi-
tion, the growth of the ICT-producing sector has resulted in the increased
employment of other occupations in the sector—rising from 3.8 million
jobs in 2010 to an estimated 4.2 million in 2020 (Brogan 2012, 2013).
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Fig. 12.2 Distribution and growth of US ICT-related occupations (Data source
Brogan 2012)

Currently, ICT-related jobs account for over 7.5% of all employment in
the United States, and this may be expected to expand because ICT-related
industry sectors are among the fastest growing in the United States. Indeed,
six of the eight fastest growing US industry sectors (computer manufac-
turing, software publishing, computer systems design, data processing and
information services, securities and financial, and semiconductors) are ICT-
focused. Further, seven out of the twenty US industry sectors projected to
have the largest absolute amounts of output growth over the 2012-2022
period are ICT-related sectors.

As a result of this dynamic growth, not only do ICT-related jobs account
for 7.5% of national employment in the United States, they pay far better
than national averages. Wages for all occupations employed within ICT
industries boast wage levels that are 137% of the US average wage—and
152% of the US median wage. These pay premiums are even more pro-
nounced when one looks exclusively at ICT-centric occupations within US
industries. Wages for ICT-centric occupations are 141% of the overall US
average, and 176% of the US median (Brogan 2012).

Of course, this employment growth will not occur unless there are ade-
quate numbers of workers trained and prepared to staff these ICT-related
jobs—which overwhelmingly will require some form of post-secondary edu-
cation for entry. Indeed, nineteen out of the thirty occupations projected to
grow the fastest from 2012 to 2022 will require such post-secondary educa-
tion (U.S. Department of Labor 2015).
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12.3 Educational Requisites for ICT-Related
Employment

If workers were interchangeable between ICT-related jobs and other jobs,
the impact of the ICT revolution on labor markets would be minimal.
Workers would simply flow laterally from declining sectors of non-ICT
employment into the faster-growing ICT sectors. But this simple move-
ment is unlikely to be the case. ICT-related positions are much more likely
to require a post-secondary educational background and STEM knowl-
edge than other jobs in the economy. This double requirement presents a
huge challenge to labor markets and to educational institutions. Further,
enhanced education is not only necessary for the workers whose jobs involve
ICTs. This education is also extremely valuable to enable ordinary consum-
ers to use ICTs effectively. Thus, the fact that an enhanced education, par-
ticularly in STEM fields, makes it more likely for a worker to find a job, for
the job to pay well and for the worker and his or her family to take advan-
tage of ICTs in their home life; makes STEM education triply valuable for
the economy and society.

But just as enhanced STEM education provides a triple benefit to work-
ers and their families, it provides a double benefit to the ICT-related com-
panies that employ them. This is because not only are such workers more
productive, they are also more likely to buy and use at home the ICT-related
technologies and services that their employers produce. Indeed, this vir-
tuous cycle is akin to that attributed to Henry Ford who in 1914 doubled
the wages he paid to his automotive factory workers to $5 per day. By this
simple action Ford not only gained access to more productive workers—but
their employment now provided them with an income adequate for them
to afford to buy one of the Model T cars they were producing—and thereby
increased Ford’s sales (Nilsson 2014; Cwick 2014).

12.3.1 Challenges Facing the Current Educational
System

STEM education is widely provided by today’s educational system, but it
presents this system with many challenges. First, current high school and
college degree requirements may not require the collection of many STEM
credits—often as few as four classes over the course of a four-year educa-
tional program. Given that student minds tend to be far more plastic in
accepting new forms of knowledge in their adolescent and young adult years
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than subsequently, failure to acquire substantial STEM knowledge while
young and still in school is a lost opportunity that is far more difficult to recover
from than to address early.

Second, STEM education as currently presented is among the most
expensive for schools to convey. While mathematics may require minimal
investments in school infrastructure beyond books, a lecture room and
a blackboard; science, technology and engineering education commonly
requires substantial physical infrastructure. Laboratory facilities need to be
provided, as well as significant computing facilities. Further, while an ordi-
nary lecture class may involve as little as three or four hours of classroom
occupancy a week, laboratory classes may require much more than this per
student. These laboratory and computing facilities are also not static, they
may require continual renewal and reinvestment as technologies evolve.

Third, traditional STEM degrees, especially at the post-secondary level,
tend to be broad programs—often covering a far wider range of topics and
skills than a student may need for any particular job they eventually acquire.
While acquiring these skills pre-emptively while in school may allow the stu-
dent a wider selection of possible jobs when entering the labor market, it
also means that a substantial fraction of the student’s learning may end up
being unexploited in their acquired position, and thus possibly wasted.

Finally, STEM educators are scarce and expensive to acquire. Because the
United States produces so few STEM graduates relative to other countries,
those that it does produce can command substantial wage premiums—as
educational institutions need to bid not only against other educational insti-
tutions but also against commercial ICT-creating and using industries for
this talent (National Association for Alternative Certification 2009).

12.3.2 Possible Solutions to These Educational
Challenges

While all of the above factors may create a “perfect storm” threatening the
increased provision of STEM-educated workers, the technology that the
ICT industry creates may provide some promising ways to address these
challenges.

For example, the shortage of STEM teachers may possibly be addressed
by the development of Massive Online Open Courses (MOOCs). By
using technology to address a class of thousands, rather than the few hun-
dred that is likely to be the maximum capacity of a physical lecture hall,
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the productivity of STEM educators may be multiplied many fold. MOOCs
also may hold the promise of allowing students to be taught by higher qual-
ity teachers. Educators commonly span a wide quality range, from lower
quality ones who fail to communicate well and to motivate students, to
higher quality ones who are superb communicators and provide students
with real inspiration. ICTs that allow a higher quality teacher to direct a
MOOC may increase the average teacher quality experienced by students.

ICTs also enable online learning. This, too, may result in wider and less
expensive conveyance of STEM education. Learning online reduces the need
for expensive schoolrooms. It also reduces the amount of transportation and
time needed by students to attend classes. But perhaps most importantly, it
allows time-shifting. By allowing the student flexibility over the time during
which he or she chooses to “attend” class, conflicts with work schedules or
childcare are reduced substantially. All of this reduces the “cost” to the stu-
dent of gaining the desired education.

Innovative ICTs may also permit online learning to rival or exceed the
immersiveness of an in-class education. By allowing the student to proceed
at his or her own pace, and to pause the presentation to pose questions or
conduct side investigations as issues arise—rather than after the lecture or
physical class is over—may result in students that have better apprehended
and assimilated the course’s contents. Further, because of the ability of com-
puter-generated graphics to demonstrate relationships or simulate physical
experiments individually in front of each student, it is possible that this
form of information presentation may be more impressionable upon stu-
dents than demonstrations or experiments performed at the front of a tradi-
tional lecture hall.

Another manner in which ICTs may permit post-secondary students to
acquire STEM skills at less cost is via nanodegrees (Mehrotra 2014). These
programs differ from traditional university-like degrees and courses in that
they are far more compressed in time and coverage. While a traditional uni-
versity course runs for three or four months, a nanodegree course generally
runs for only one to three months. And because nanodegree programs are
far more focused in subject area than traditional degree programs, they are
typically completed in six to twelve months—rather than the two to four
years for traditional post-secondary degrees. Finally, because these nanode-
gree courses are taught via MOOC format, they are also highly economic—
often costing only several hundred dollars per course—rather than the
several thousand dollar price tag for traditional post-secondary STEM
courses.



210 R. N. Clarke

12.4 AT&T Educational Initiatives

AT&T is a large telecommunications and video distribution company. Every
year AT&T hires roughly 25,000 new employees, nearly 75% of which will
work in STEM fields (Anderson 2014). In addition improving the quality of
AT&T and its business partners’ workforces, better and wider STEM edu-
cation will also improve the ability of consumers to use the ICT-related ser-
vices that AT&T produces. To help in improving STEM education, AT&T
takes a two-pronged approach. One prong is to provide support for general
improvements in secondary or high school education. The other is to support
specific post-secondary STEM career skills acquisition and improvement.

12.4.1 General Educational Support

Aspire is the name of AT&T’s initiative to support general secondary
education in the United States. This program is run through the AT&T
Foundation and is committed to provide $350 million in funds over the
2008-2017 period.> Aspire’s projects cover a broad range of initiatives,
including programs to improve secondary education directly, as well as to
reduce high school dropout rates and to provide students with mentoring
opportunities from AT&T employees.?

Certain Aspire initiatives try to capitalize on the fact that you rarely need
to nag an adolescent to pay more attention to his or her computer, mobile
or gaming device. By funding the development of learning materials or pro-
grams that take advantage of modern mobile, broadband or video technol-
ogies and communications to convey information in an engaging manner,
Aspire seeks to harness the capabilities of these ICT technologies to improve
secondary education.

But in addition to improving the education that students receive when
they attend school, it is vital that young people do attend school and not
drop out. For this reason, Aspire also supports programs offered by organiza-
tions such as GradNation or Communities in Schools which provide out-of-
school, community-based programs for at-risk students aimed at increasing
their high school graduation rates.*

Finally, there is nothing like one-on-one or small group exposure to actual
working people and their jobs to demystify what is involved with “having
a job” or to relate why schooling is valuable to achieving this end. For this
reason, thousands of AT&T employees donate their time to meet with sec-
ondary school students, allow them to “shadow” them in their jobs for a day,
and answer questions about things like what high school classes they have
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found to have been the most valuable for performing their current respon-
sibilities, what a job interview consists of, or any number of other questions
whose answers may seem obvious to someone already within the world of
work, but like a black box to a young student. In all, over 100,000 high
school students a year participate in AT&T’s job shadow program. Many of
these students who go on to college may also participate in summer intern-

ship programs that AT&T sponsors.

12.4.2 Post-secondary STEM Education Initiatives

Once education reaches the post-secondary level, today’s STEM education
tends to become much more specialized, and generally a lot more expen-
sive—both in terms of direct cost as well as the opportunity costs incurred
by both the student and possibly the student’s employer when productive
labor is foregone for extended periods while pursuing a traditional col-
lege-level or graduate degree. Clearly, any educational innovations that can
reduce study time and expense while providing the student with the specific
STEM-skills needed to further their employment will be highly welcome.

For the above reasons, AT&T Aspire supports a nanodegree project
called Udacity.’ This project, which is a joint initiative of AT&T, Google,
Facebook and other leading ICT companies, offers nanodegrees in multiple
ICT-related subject areas such as web and app development, digital entre-
preneurship, programming, and many others. As noted earlier, these courses
are highly economic—both in terms of direct cost and students’ (and possi-
bly their employers’) time. Udacity nanodegree courses only take a month or
two to complete—with a full multi-course program typically being accom-
plished within six months to a year. Further, the cost of each course is only
around $200. As a result, large numbers of leading companies like GE or
CapitalOne have agreed to accept credentials offered by these Udacity nano-
degrees (Schacht 2016).

For more advanced professional training, AT&T and Udacity have part-
nered with Georgia Institute of Technology to develop a full 36 credit-hour
Master of Science in Computer Science curriculum. This program, offered
via MOOC format, costs students between $7000 and $8000 in tuition
to complete the full degree—only about one-fifth of what a traditionally-
taught computer science Master’s program would cost.®

Because nanodegrees are a relatively recent innovation in educational
technology, large-scale data are not yet available demonstrating their degree

of efficacy, but initial anecdotal reports suggest they are a success (Fenton
2015; Yegulalp 2015).”
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12.5 Summary

There is no question but that over the last forty years, ICTs have been the
most important source of economic growth and sectoral change in both US
output and labor markets. Indeed, it is hard for anyone under the age of 50
to remember a time when manual processes were the exclusive way of con-
ducting a financial transaction or making an airline reservation.

But with these changes in technology have come great changes in the
educational requisites for workers. STEM knowledge and advanced educa-
tion are now the key to productive employment and a middle class lifestyle.
While traditional educational systems have faced difficulties in providing
widespread STEM education on an efficacious basis, ICTs themselves may
offer at least a partial solution. By harnessing the ability of ICTs to convey
STEM education via MOOC:s or nanodegrees, it may be possible to ensure
that the economic revolution that ICTs have wrought in modern society will
continue well through the twenty-first century.

Notes

1. Ethernet is a computer networking technology used in both local and met-
ropolitan area networks (https://en.wikipedia.org/wiki/Ethernet). MoCA or
Multimedia over Coax Alliance is a home networking technology that uses
the coaxial cable already present in many houses for video and digital data dis-
tribution  (http://www.mocalliance.org/about/technology.htm). Wi-Fi is the
well-known wireless networking technology used for short-range com-
munications in homes and businesses (https://en.wikipedia.org/wiki/
IEEE_802.11). RFID or Radio-Frequency Identification is a wireless tech-
nology used to identify and track objects (https://en.wikipedia.org/wiki/
Radio-frequency_identification).

2. hteps://www.att.com/Common/about_us/files/pdf/aspire/att_aspire_flyer.pdf.

htep://www.about.att.com/content/csr/home/possibilities/at-t-aspire.html.

4. See http://gradnation.americaspromise.org/ and https://www.communitiesin-
schools.org/.

5. https://www.udacity.com/ and http://about.att.com/content/dam/csr/11_
18assets/PCassets/Aspire_nanodegree_one-pager_11-21-14.pdf.

6. http://www.omscs.gatech.edu/.

7. See also https://www.quora.com/Are-Udacity-nanodegrees-worth-it-for-finding-
a-job.
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