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Abstract

We study the impact of broadband diffusion on wage, employment, and workforce productivity
levels among the communications common carriers in the US. Driven by capital-skill comple-
mentarities, broadband diffusion is expected to positively impact wages because of the need
for skill and to compensate for the higher levels of output per employee, but can lead to less
human capital usage because of a scale effect. Our findings show that fiber optic adoption as
broadband diffusion did in fact result in improved compensation for the incrementally skilled
and productive workforce, but it adversely affected employment, though not of the same
magnitude. With extensive dark fiber availability in the United States, our evidence suggests
an intensifying impact on wage levels, employment, and output per employee.

Keywords: broadband technology, dynamic panel data analysis, firm-level capabilities, hu-
man capital outcomes, technology diffusion, employee productivity, US telecommunications
industry, wage structure.

central resource allocation concern for scho-

1. INTRODUCTION lars and managers.

Firms are an amalgam of both technology
and human capital. Thus, as progressive
firms deploy greater levels of technological
capital there will be an effect on their human
capital pool. Is there such an effect, and if
so is it reflected by variations on the levels
of employment and compensation within
firms? These questions are fundamental
since the nature of the relationship between
firms’ investment in technological capabili-
ties and their impact on human capital is a
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Simultaneously, these questions are of cru-
cial concern for public policy since the rela-
tive variations in levels of employment,
workforce productivity, and wage structures
among firms deploying different technologies
are important for the economic well-being of
a nation. A high level of wage dispersion
leads to inequality and progressive diver-
gence in living standards between individu-
als who may not have the skills to occupy
positions paying higher compensation. If
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there is rising wage inequality in an econo-
my, and it is established that higher levels of
technology diffusion are associated with
higher wages, then institutional processes to
enhance technology diffusion are called for
so as to narrow the inequality gaps.

The United States telecommunications in-
dustry is a unique setting for a natural expe-
riment within which we evaluate the rela-
tionship between technology diffusion pat-
terns and the employment, output per capi-
ta, and wage structure of firms for informa-
tion and communications technology (ICT)
intensive industries. The literature on ICT
states that implementing advancements in
ICT diminishes certain jobs that are substi-
tuted with the new technology while the high
skill levels needed to implement these ad-
vanced technologies significantly raises the
wages and also results with increased output
productivity per employee. Even though
these arguments are related to each other,
in the literature there is no study aggregat-
ing this association.

In this paper, we address this issue by ana-
lyzing the relationship between broadband
deployment, as an example of new technol-
ogy, and the levels of average employment,
compensation and output per employee
within firms at the forefront of technology
deployment. The association of new technol-
ogy implementation and its impacts on wag-
es, employment and productivity is studied
in this manuscript using a panel data set of
the communications common exchange car-
riers spanning from 1988 to 2001.

In the following section, we discuss the con-
ceptual issues on the links between technol-
ogy deployment and wages. In section 3 we
discuss the specific relationships between
information and communications technolo-
gies, including telecommunications technol-
ogies and the structure of employment and
wages. Section 4 describes the empirical
framework. Section 5 describes the statistic-
al procedures and results. In section 6, we
conclude with a brief discussion of the impli-
cations of our findings.

2. TECHNOLOGY, EMPLOYMENT AND
WAGE STRUCTURES

2.1 Primary Theory and Evidence
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The linkage between technology and human
capital is fundamental in economics and an
extensive literature has evaluated the rela-
tionship between employment, productivity,
wage structures and technology adoption.
There are two primary effects, the scale ef-
fect and the skill effect that capture the im-
pacts that technology diffusion has on hu-
man capital within a firm.

The original insight as to the impact of tech-
nology deployment on employment belongs
to Adam Smith (1776) who had theorized
that, with new technology or modes of doing
work, more and more could be done by few-
er and fewer persons because the division of
labor would lead to productivity. In quantity
terms, firms would substitute physical capi-
tal for human capital. This is the scale effect
whereby new technology diffusion could lead
to shifts in labor demand and reductions in
firm-level employment (Hamermesh, 1993).
Productivity literature shows evidence of in-
creased physical capital intensity leading to
significant and positive impact on labor
productivity (Maliranta, 2004).

The starting point of the resource allocation
literature on the skill effect is the induced
innovation model of Hicks (1932) & Kaldor
(1939), in which firms would replace a more
expensive factor of production by a cheaper
factor. As labor became more expensive, it
would be replaced by capital, which would
embody the current technology in vogue, as
a factor of production. Firms would combine
the profit-maximizing quantities of labor and
capital, the motivation being to maximize
the cost reductions by substituting capital
and technology for labor where feasible.
Therefore, technology is substituted for
skills. Wage rates would fall as technology
investments increased. This was an early
expression of the skill effect.

This substitution is feasible only when highly
skilled employees are present (Nelson and
Phelps, 1966). When skilled and educated
workforce is not present, the success rate of
such adoption would stagger due to in-
creased skills required to implement the new
technology. In addition, highly skilled and
educated workforce is more open to new
innovation. Griliches (1969) further clarified
the discussion on substituting labor for phys-
ical capital by differentiating between the
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skilled labor vs. unskilled labor. He found
that substituting unskilled labor by physical
capital would be a practical move for firms,
but the same argument would not be true
for skilled labor as the implementation of
advanced technologies would require such
employees.

High-skill workforce required by such capi-
tal-skill complementarity would therefore
entail improved workforce productivity and
efficiency gains, part of which makes it into
higher wage levels. Therefore, higher rates
of technology diffusion within firms would
result in improved compensation for the in-
crementally skilled and productive work-
force. Additionally, higher compensation
rates have direct impact on employee prod-
uctivity, and subsequent firm-level perfor-
mance, because the level of compensation
affects health, mental alertness, and physi-
cal well-being. This reasoning is consistent
with the development economics literature
(Dasgupta and Ray 1986).

Goldin and Katz (1998) note that physical
capital and skilled labor have not always
been viewed as relative complements. In
particular, they suggest that transitions be-
tween production processes change the rela-
tive demand for skill. In their analysis they
argue for the proposition that shifts in tech-
nology, rather than changes in relative fac-
tor prices, have been more important across
history in altering capital-output and capital-
labor ratios.

In their analysis, they find that technology-
skill  and capital-skill complementarily
emerged across the manufacturing sector as
particular technologies, known as batch and
continuous-process methods of production,
spread within progressive firms. This trend
was reinforced by another technological
change, the switch to purchased electricity
from steam and hydraulic energy sources.
Similarly, Chandler (1977) also noted that
the managerial revolution was brought about
by many of the technologies that increased
the demand for educated labor on the shop-
floor. For example, the demand for more
educated workers on the farm increased as
farm machinery became more complex.

Reinforcing the shift in manufacturing was
an increased demand for educated labor to
sell, install and service technologically-
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advanced products. Ample and cheap elec-
tricity made the production of various mate-
rials, such as aluminum and other electro-
chemicals that used skilled labor, feasible.
Cheap electricity encouraged a more inten-
sive use of machines, thereby increasing
demand for skilled personnel to maintain
them.

2.2 General Purpose Technology

Are technologies that engender the capital-
skill complementarity phenomenon general
purpose technologies? As described by Gol-
din and Katz (1998), the technologies that
lead to a shift from capital-skill substitution
to capital-skill complementarities fall within
the rubric of general purpose technologies.
General purpose technologies are technolo-
gies, first described by Bresnahan and Traj-
tenberg (1995), which reshape production
so that the returns to human capital increase
(Helpman and Trajtenberg, 1998).

These technologies open up new opportuni-
ties, are pervasive in use, create innovation
complementarities and necessitate reorgani-
zation of production and different factor
mixes. Consequently, in industries deploying
general purpose technologies, there is a shift
in demand for higher skilled and more ex-
pensive human capital (Katz, 2000).

For example, electricity permitted reorgani-
zation of the workshop floor (Goldin and
Katz, 1998). Similarly, the telegraph enabled
rapid conveyance of inventory stock and
employee tasks and railroads transformed
retailing by allowing nationwide catalog sales
(Chandler, 1977), while assembly line op-
erations transformed manufacturing (Houn-
shell, 1984). More rapid communications
between firms prevented inventory mis-
matches and resource misallocations, and
employees were able to work from more
convenient locations.

The replacement, that occurred, of unskilled
human capital and obsolete fixed capital by
skilled human capital and new technology
catalyzed productive efficiency growth, with
a portion of the gains accruing to the human
capital who were responsible for implemen-
tation of these technologies. General pur-
pose technologies have tended to widen the
dispersion in the wage distribution by in-
creasing the returns to skilled human capital
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and depressing those of unskilled human
capital (Aghion, Howitt and Violante, 2002;
Jacobs and Nahuis, 2002).

In the contemporary literature, the diffusion
of information and communications technol-
ogies have been similarly associated with
rising wage dispersions because of the capi-
tal-skills complementarity. As information
and communications technologies have dif-
fused, returns to users and those who are
relatively greater adopters have been appar-
ent in higher wage levels, and a substantial
number of empirical studies have associated
greater returns to skills, and higher wage
levels with such patterns of information and
communications technology diffusion.

3. INFORMATION AND COMMUNICA-
TIONS TECHNOLOGY DIFFUSION, EM-
PLOYMENT AND WAGES

3.1 Information and Communications
Technologies as General Purpose Tech-
nologies

Recent literature highlights the fact that in-
formation and communications technologies
are contemporary general purpose technolo-
gies. On this issue, the theoretical insights of
Bresnahan (1999) are important. The impact
of information and communications technol-
ogies at the level of the firm is profound.
This impact occurs not because of the usage
of equipment, per-se, but because of
changes in the organization of production
and work within the firm, the industry and
across industries. Bresnahan (1999) terms
this as a theory of organizational comple-
mentarity between the diffusion of informa-
tion and communications technologies and
the use of higher skilled and higher paid
employees.

It is a theory of complementarity between
information and communications technolo-
gies and the human capital of users of these
technologies. The diffusion of general pur-
pose information and communications tech-
nologies makes the work of individuals more
analytical and raises the return to cognitive
skills and education. The skill bias arises
from the shift out of the demand curve for
highly cognitively skilled human capital with
better mental skills (Hirshhorn, 1984) as the
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price of information and communications
hardware falls. The economic complementar-
ity effects of the diffusion of information and
communications technologies suggests that
as the prices of information and communica-
tions technologies fall, leading to their
greater diffusion, this causes a rise in the
demand for highly skilled and compensated
human capital.

The firm level impact is to increase the de-
mand for additional new skill, such as the
non-cognitive skills and higher-order mental
skills necessary for dealing with a general
purpose technology. These skills include in-
terpersonal and management skills, skills to
operate autonomously and to exercise
judgment. There are monetary premiums for
possessing these skills. In addition, informa-
tion and communications technologies di-
rectly substitute machine decision making
for human decision making in low-skilled and
medium-skilled white collar work and aug-
ment individual productivity by changing the
organization of work (Liker, et. al., 1999).
This attribute leads to the scale effect being
observed.

Information and communications technology
equipment are general purpose assets that
through their adoption companies can devel-
op a new set of service delivery processes.
Technical progress, enhancing the quality of
the equipment, also brings new opportuni-
ties to firms to offer new services. Invention
of new services those processes will deliver,
and of the human side of the delivery me-
chanism, are difficult tasks calling for quali-
fied employees. Following this line of
thought, the human capital demand shifts
towards more innovative managers and
technical specialists. The demand for innova-
tive managers increases as the firms need
managers that can think of ways to take ad-
vantage of the new processes offered by
information and communications technolo-
gies and subsequently increase firm produc-
tivity (Maliranta, 2004). New, and scarce,
cognitive and managerial skills, which re-
quire high compensation, are needed (Piore
and Sabel, 1984). The demand for technical
specialists in user and supplier companies
also increases as these companies need per-
sonnel to operate according to routines and
control the various facets of the new activi-
ties. According to human capital theory,
wages will be higher for employees with
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higher levels of skills who have the characte-
ristics to be productive when given access to
new technologies (Mincer, 1974). Firms
complementing information and communica-
tions technologies by highly skilled work-
force tend to be more productive and inno-
vative; i.e. invest more in new ICT than oth-
er firms (Hempell, 2005).

3.2 Broadband Technology as a General
Purpose Technology and Its Impact on
Wage Structures

We expect that the diffusion of broadband
technology in the local exchange firms we
evaluate will have a positive impact on the
wage structure within the adopting firms.
Broadband technology arrival can transform
the composition of the local loop network
operated by telecommunications companies
(Hatfield, Mitchell and Srinagesh, 2005) and
the consumer benefits from broadband dep-
loyment are large (Bauer, Kim and Wildman,
2003).

Lipsey, Carlaw and Bekar (2006) define gen-
eral purpose technology as those technolo-
gies that share characteristics such as wide
scope for changes and elaboration, applica-
bility across a broad range of uses, potential
for use in a variety of products and
processes and complementarities with other
new technologies. Such change in common
carriers necessitate higher-skilled, highly
paid employees, which can be coined as the
skill effect.

Broadband access, like several other infor-
mation and communications technologies, is
a general purpose technology that enables
not only communications but also the con-
nectivity for the carrying out of transactions
or activities more efficiently and is as an in-
strument to develop new transactions and
activities (Bertschek and Kaiser, 2004). Its
first impact is to raise the capacity of the
telecommunications network by an order of
magnitude (Preissl, 1995). This renders the
employment of many employees super-
fluous, contributing to the scale effect asso-
ciated with technology diffusion, a finding
consistent with intra-firm field work in the
industry (Brown, et. al. 1997). The scale
effect also suggests excessive returns of ICT
investments on output growth (O'Mahony,
2005).
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By offering higher bandwidth and non-stop
availability, broadband technologies offer
superior features compared to legacy net-
works. Broadband technologies, deployed by
the firms we study, include xDSL, which are
digital subscriber lines of various types, fiber
optic networks and broadband wireless
access. The diffusion of broadband technolo-
gy within telecommunications firms notably
changes their economics. Fiber optics tech-
nology is considerably different from the
legacy twisted-pair copper networks on
which broadband features are barely satis-
fied. In addition, the broadband services in-
clude variety of xDSL technologies. The re-
tro-fitting of such variety of new technologi-
cal functionalities, which substantially alter
the core technological variety of a telecom-
munications network, creates complexity in
organizing and maintaining the network.
Network architecture is now more complex.
This process changes the employee mix re-
quired in building and operating the network
since highly-skilled individuals are needed to
deal with the changing economics and tech-
nological heterogeneities.

The broadband diffusion introduces new
tasks such as product and services innova-
tion and customer relationship management
to the existing tasks of the telecom work-
force skills. The new tasks either call for hir-
ing higher-skilled employees or training ex-
isting employees to gain the new skills re-
quired. Both cases would lead substantial
wage increases. This principle is illustrated
with an example from tele-medicine, which
requires transmission of large files that can
help with key areas of tele-medicine; such
as tele-diagnosis, tele-ultrasound or tele-
sonography, tele-monitoring, and tele-
radiology (Bauer et al., 2003). The transmis-
sion of large files is feasible when broadband
connection is used. The medical applications
of telemedicine have their own specialized
equipment that is connected to the broad-
band network. The telecommunications em-
ployees need to understand medical applica-
tions so that they are able to design the sys-
tems for doctors and hospitals in addition to
network management tasks they need to
fulfill. Additionally, they require marketing
skill to effectively market these systems to
the health care and medical professions.
Clearly, several new skills, such as product
development and marketing, are required
within the telecommunications firms so as to
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develop very category-specific broadband
applications and market these to the tar-
geted customer groups. Broadband diffusion
will raise average compensation levels within
the deploying firms due to the new work-
force skills required. All of the foregoing rea-
soning leads us to hypothesize that:

H1: The diffusion of broadband technology
is, as measured by the deployment of fi-
ber optics, will have a negative impact
on employment patterns and a positive
impact on output per employee because
of the scale effect, while the level of
wages among the firms that have dep-
loyed higher levels of broadband will be
higher, on average, because of the skill
effect.

4. EMPIRICAL ANALYSIS

We assess the impact of broadband adoption
by a panel of the population of telecommu-
nications carriers, and its subsequent diffu-
sion among the carriers over time on the
structure of employment and wages among
the firms. Within a panel data framework,
we assess average compensation levels
among the firms, measuring variations in
employment and wage structures, as a func-
tion of a measure of diffusion of technology
and against variables controlling for other
factors affecting the level of average em-
ployment and wages.

Typically, studies of employment, wages and
productivity are carried out at the individual,
plant or industry level, but rarely at the firm
level (Brown and Campbell, 2002). We can-
not evaluate individual level compensation
or on individual level skills. We do not have
the data. We cannot also say what types of
employees are being added or released.

We evaluate the impact of technology diffu-
sion on the average employment, wages and
employee output by testing the impact of
the period-to-period broadband adoptions
for each firm and construct a panel data set,
with data being available for each firm for
the full fourteen year period during which
broadband will have diffused through the
firm.

This approach provides cumulative informa-
tion on firm-level broadband diffusion pat-
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terns over time. In addition, for each period
the availability of data on cross-sectional
adoption decisions, available for each firm,
permit control via instrumental variables of
factors that explain variations in endogenous
firm-level technology adoption.

We use regressions of the following auto-
regressive form for panel data, where vari-
ables are indexed over acquired firms (i) and
over time (t).

EMPLOYMENT, = A,

2
+ > A, f(EMPLOYMENT,_,) (1)

s=1

+ A,BROADBAND+ %* CONTROLS + &

COMPENSATION, =y,

+ Zzl 7,.f(COMPENSATION, ) ()
p

+ 7,BROADBAND + y* CONTROLS + &

PRODUCTIVITY, =6,

2
+ Y8, f(PRODUCTIVITY, ) (3)

s=1

+8,BROADBAND + 5¢ CONTROLS + ¢

In the equations above, EMPLOYMENT,
COMPENSATION and PRODUCTIVITY refer to
the variables measuring average employ-
ment, average compensation and average
output per employee. The BROADBAND vari-
able represents the variable capturing the
diffusion of broadband technology over time.
The terms CONTROLS refer to the several
control variable used for each of the equa-
tions in the analysis. These are subsequently
discussed in detail.

4.1 Data

We use a balanced panel of annual data for
US local exchange companies from the Sta-
tistics of Communications Common Carriers
(SCCC) for the fourteen year period 1988 to
2001. We compile firm level operational and
financial data for all of the principal local
operating companies between the years
1988 to 2001. These companies account for
ninety nine percent of telephone lines in the
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United States. These data have been much
used before.

Data are obtained from several sources.
These are: the FCC Statistics of Common
Communications Carriers (SCCC), the Fed-
eral-State Joint Board Monitoring Reports,
FCC reports on Competition in the Telecom-
munications Industry, National Regulatory
Research Institute (NRRI) reports, and re-
ports of the US Census Bureau. Several
rounds of data checks ensure reliability and
consistency of the firm-specific data used in
our variables. All key dependent and inde-
pendent variables and most controls vari-
ables are computed using the financial and
operational items in the SCCC data. The in-
formation on the states in which each of the
local exchange companies operate are also
extracted from the FCC’s CCC Statistics.

4.2 Variables

Dependent Variables: The employment
variable (Employment) is the level of em-
ployment at any period, which includes total
number of employees (full time and part-
time) that are employed by the firm during a
particular year. The compensation variable
(Compensation) helps capture differences in
the firm level quality of human capital. There
are two possible ways to measure the quali-
ty of firm level human capital in the litera-
ture. One is by type of educational qualifica-
tions, which is not publicly released for the
firms studied, in equations that measure
individual level wage variations (Mincer,
1974). The other is the publicly released da-
ta on compensation, which is used as the
proxy for human capital quality. In this anal-
ysis, compensation is measured as the aver-
age dollar value of compensation cost per
employee. While our data provides both full-
time and part-time numbers of employees
for telecommunications carries, there is no
direct and objective method to delineate the
contributions of part-time versus full-time
employees. Therefore, we follow Uri (2001)
and we only use total number of employees
as our labor input measure, and in deriving
compensation and productivity per em-
ployee. The fact that part-time employees
accounted for less that 1.6% of the tele-
communications carriers’ workforce during
our sample period helps in alleviating poten-
tial bias concerns (see Table 1). Still, our
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results are robust to other versions of com-
pensation where full-time employees are
compensated on average twice as much as
their part-time counterparts. In any case,
we are interested in variations in firm-level
employee compensation. The employee out-
put (Productivity) variable is the total oper-
ating revenue per employee.

Primary Independent Variable: The mea-
surement of technology in this genre of work
is a difficult issue to deal with (Brown and
Campbell, 2002). We are fortunate to have a
precise measure. Based on recent literature
in the subject (Hatfield, Mitchell and Srina-
gesh, 2005; Koski and Majumdar, 2002;
Sharkey, 2002), we use the percentage of
total fiber kilometers to total cable kilome-
ters as the proxy measure to capture the
levels of broadband technology investments
that have diffused among the firms studied.
The measure (Broadband) captures the level
of investments in broadband assets. This is
the important technology in the sector.

Controls: The scaling effect associated with
technology diffusion will imply that larger
firms may actually lose more staff than
smaller firms. Also bigger employers may
pay more. The employer size and wage ef-
fect is important in the literature and well-
studied. Brown and Medoff (1989) reach a
general conclusion that larger firms pay
higher wages. To be consistent with previous
studies, we use log of total operating reve-
nues as a measure of size (Size). Output
growth also affects employment, and we
include a measure of past sales perfor-
mance, growth in sales (Growth), as a con-
trol variable in the employment equation.

Average levels of employment and compen-
sation are affected by a variety of industry-
related factors. We control for the nature of
interconnection regimes, since these are of
importance in the sector (Armstrong, 2002).
A higher level of access costs can exercise a
downward pressure on employment and
wages, since the total amount of cash avail-
able for expenditures are limited if access
charges are high. In the absence of a fine
measure over the full time period, the rela-
tive access cost, computed as the ratio of
access costs to total operating revenues
(Access Cost), proxies for interconnection
regimes.
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We use market share constructs as a proxy
for market power of the local exchange car-
riers. Even though in regulated industries a
high market share does not necessarily imp-
ly monopoly behavior (Spulber, 2002), inclu-
sion of all the products and geographic mar-
kets a firm is involved with in market share
calculations provides a reasonable sense of
the market power of that firm in its industry
segment. A firm with relatively greater mar-
ket power can exercise such power vis-a-vis
unions as well, and can enjoy attempt to
shed staff or enjoy a lower average wage
relative to other firms. The market share
variable (Market Share) is constructed by
taking the ratio of a firm’s total number of
lines across the states it operates to the to-
tal number of lines in all of the states in
which it operates.

The key environmental factors are the busi-
ness lines and urban population ratios
(Sharkey, 2002). These affect the structure
of wages and put pressure on wages to rise
upwards. The business lines construct (Busi-
ness Lines) is measured by the ratio of total
business lines to total access lines for each
company. A larger share promises a profita-
ble customer base, encouraging volume
growth and efficiency. This requires the em-
ployment of higher-quality human capital
paid, on average, higher wages. The urban
population ratio (Urban) is the weighted av-
erage ratio of urban population to total
population in each firm’s territory. This ratio
is weighted by the fraction of lines that the
firm has the operating rights to in the specif-
ic state or states.

Progressive firms possess unobservable and
heterogeneous characteristics  reflecting
higher management quality. Such firms may
use more staff and are also likely to be
oriented towards using higher quality human
capital. We use three variables to control for
firm-specific effects. These are the ratios of
advertising, customer costs, and corporate
costs to the total operating revenues. The
advertising (Advertising) and customer cost
(Customer Cost) variables, computed as the
ratio of advertising and customer operations
expenses to total operating revenues, meas-
ures how marketing oriented each carrier is.
The corporate costs variable (Corporate
Cost) is a proxy measuring the importance
given by the firms to advance long term
business capabilities through planning and
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human resource development type of activi-
ties. It is the ratio of corporate operations
expenses to total operating revenues.

Other than the standard instruments, we
include additional instrument in the em-
ployment equation. The impact of negative
or positive financial performance is first ma-
nifested in employee numbers. We include
measures of past financial performance as
instruments for the endogenous lagged de-
pendent variable. Two-period lagged values
of two instrumental variables, the ratio of
cash flow over assets, measured as the ratio
of total operating revenues to total assets
(Cash Flow:.; and Cash Flow;.,), and the ra-
tio of plant specific operations expenses to
communications plant in service (Efficiency .
; and Efficiency ;) are used to control for
endogeneity.

In addition, to control for industry effects on
lagged values of employment, we use an
intensity of competition variable as an in-
strument. The intensity of competition vari-
able is the number of possible competitors
who have been given a license to operate in
the various states. This control represents
the possible intensity of market competition
in each state. This variable is relevant to
control for the impact of the Telecommuni-
cations Act of 1996.

The competition data are collected from the
FCC Competition in Telecommunications In-
dustry reports. For each incumbent local ex-
change carrier, the competition variable
(Competition) is computed as the sum of the
number of competitive local exchange carri-
ers operating in the same state or states as
the incumbent.

Table 1 (in the appendix) provides the list of
independent and control variables used in
this study along with the descriptive statis-
tics. The table also includes details of what
each variables aims to measure in the analy-
sis.

On average, telecommunications carriers
had around 12,000 employees during our
study period with the compensation per em-
ployee averaging around $46,500/year.
These companies were growing at a steady
rate of 3% and operating predominantly in
urban areas.
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5. ESTIMATION AND RESULTS

Estimation: Unobserved heterogeneity and
omitted variables biases cause concern. We
use the Arellano and Bond (1991) dynamic
panel data approach to control for these as
much as possible in testing for the impact of
broadband diffusion over time. The employ-
ment and compensation variable are re-
gressed over the broadband variable, prior
employment and compensation variables
and control variables. The use of dynamic
panel data analysis in evaluating the impact
of technology diffusion allows for the control
of heterogeneity in adjustment dynamics
between different firms.

Longitudinal estimation is necessary given
the inherently lagged nature of the phenom-
ena. This approach also addresses the unob-
servable heterogeneity and omitted vari-
ables biases. Dynamic panel data estimation
is one of the most stringent panel-data es-
timation techniques available at present for
this purpose. The use of a dynamic panel
data approach teases out the effects of
technology diffusion, controlling for not only
exogenous factors but also firms’ past be-
haviour and history, and the results for the
broadband variable reflect the impact of just
the broadband adoption decision, of course
at various points in time but aggregated
within a panel estimation framework to re-
flect composite diffusion both between and
within firms, on average compensation lev-
els (Greene, 2003).

To control for endogeneity between broad-
band technology diffusion and compensa-
tion, we use the Arellano and Bond (1991)
instrumental variable estimation method for
panel data using generalized method of
moments (GMM) estimators. The Arellano
and Bond (1991) dynamic panel data analy-
sis technique derives GMM estimates using
prior employment and compensation levels.

The lagged dependent variables in the model
account for the dynamic and heterogeneity
effects, subject to the inclusion of other con-
trols. The correlation of the lagged endoge-
nous variables may affect the analysis even
if no auto-correlation is assumed. The use of
instruments bypasses the error correlation
issues when GMM with instruments, lagged
dependent variables in this case, are used.
The use of GMM estimators increases the
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computational efficiency without impairing
effectiveness through the use of lagged val-
ues as instruments (Yaffee, 2003). Addi-
tional variables included as instruments are
the past period performance variables, Cash
Flow;.; and Cash Flow;., and Efficiency ;.; and
Efficiency ¢.;.

The Arellano and Bond (1991) specification
acknowledges the dynamic relationships and
interdependencies among technology diffu-
sion, employment and compensation. The
estimation employs error adjustment tech-
niques to model the influence of past levels
of adoption, thus absorbing the impact of
any structural distortions to have occurred
and could affect the companies in the pe-
riod. The technology variable would, there-
fore, capture the unexplained remaining
variation in the employment and compensa-
tion values.

The estimator offers substantial efficiency
gains in saving degrees of freedom and low-
ers the impact of bias in the estimators due
to small sample size (Blundell and Bond,
1998). Omitted variable bias is controlled for
and multi-collinearity reduced, improving the
accuracy of parameter estimates (Hsiao,
2003). We report two-step estimates cor-
rected for heteroskedasticity-consistent as-
ymptotic standard errors.

Estimation Results for the Employment
Equations: Tables 2 and 3 report the re-
sults for the Arellano and Bond (1991) dy-
namic panel estimates. Model (A) and (B) of
table 2 relate to the employment equations.
Two lags of the dependent variable are in-
cluded in the model to control for prior firm
history and endogeneity. This practice is
consistent with dynamic panel data estima-
tion. The coefficient of the broadband varia-
ble is negative and significant (p < 0.05),
denoting that a greater rate of broadband
diffusion within firms has a negative impact
on the structure of employment in the firms
studied. The scale effect, with physical and
human capital substitution, albeit of less
highly-skilled individuals, can be at play.

The size (Size) variable is important in the
wages and employment literature, and we
exclude the size variable in model (B). We
find that the broadband variable has not
changed in magnitude, sign and significance
as a result. In fact, after excluding the size

© 2008 EDSIG, page 9
9



Yaylacicegi and Moussawi

Fri, Nov 7, 10:00 - 10:25, Pueblo C

variable, the magnitude of the broadband
variable is somewhat larger. Both of these
results provide evidence that the scale effect
associated with technology diffusion, that
changes occur in the ratio of human capital
to physical capital, leading to displacement
of human capital, when the quality of physi-
cal capital improves, is not disproved.

Estimation Results for the Compensa-
tion Equations: Models (C) and (D) of Ta-
ble 2 are the wages or compensation equa-
tions. In model (D) we exclude the Size va-
riable. In both models, the broadband varia-
ble is positive and significant (p < 0.01),
denoting that a higher level of diffusion of
broadband technology is associated with
higher levels of compensation among the
firms. In fact, after exclusion of the size va-
riable, the magnitude of the wages variables
is somewhat larger.

Results for the Productivity Equations:
Models (E) and (F) of Table 3 are the em-
ployee output or productivity equations, with
and without the size variable respectively.
The significance of size coefficient and the
higher loading on broadband variable in
Model (E) both indicate that output per em-
ployee is substantially higher in larger firms
and reflect strong positive correlation be-
tween size and broadband diffusion in their
impact on employee productivity. This con-
stitutes another evidence of the importance
of scale economies in the telecommunication
sector. As per the impact of new technology,
both models suggest that broadband varia-
ble is positive and economically and statisti-
cally significant suggesting that broadband
diffusion is associated with higher levels of
output per employee. We conclude that
broadband diffusion is associated with fewer
numbers of skilled employees, who are com-
pensated with higher wages as they are able
to generate more output per capita. These
estimates provide prima facie evidence that
the capital-skills complementarity hypothesis
is valid within the telecommunications sec-
tor.

6. CONCLUSION

We have evaluated the impact of broadband
diffusion among all the local exchange com-
panies in the US telecommunications indus-
try between 1988 and 2001. Broadband is a
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general purpose technology, within the
broad rubric of information and communica-
tions technologies, and its diffusion is ex-
pected positively impact wages in the adopt-
ing firms because of a skill effect, though it
may lower average employment while in-
creasing the employee output because of a
scale effect.

Firms or industries that implement skill
based technical change will hire more high
skilled workers than low skilled workers and
average wages will go up as a result of the
skill effect even though total average em-
ployment may go down because of the dis-
placement of the less-skilled employees be-
cause of the scale effect. The scale effect will
also drive the average output per employee
up. As the quality of physical capital im-
proves, more output is likely to be generated
with the capital invested and, ceterus pari-
bus, the levels of human capital within a firm
will decline. Yet, the decline in the quantity
of human capital will occur among those now
relatively unskilled and untrained, and de-
mand for those with training will rise.

What are the specific implications of our re-
sults? An evaluation of the results, based on
the dynamic panel data estimates as re-
ported in table 2, shows that a one percen-
tage point increase in the diffusion of fiber
optics broadband technology in the tele-
communications companies’ networks is as-
sociated with approximately a one percent
decrease in average employment levels
among the firms. The average diffusion of
fiber optic has been low in the period stu-
died, averaging just 2.85 percent of total
lines. Therefore, there is a substantial
amount of investment still to be made in
upgrading the network. If fiber optic levels
were to double from the levels we observed,
there would be a 2.8 percent decline in em-
ployment, because of the scale effect asso-
ciated with new technology diffusion.

On the other hand, a one percentage point
increase in the diffusion of fiber optics tech-
nology is associated with a 2.55 percent in-
crease in average levels of compensation.
Using the same logic as above, if the levels
of fiber optics technology were to double, we
would observe a 7.25 percentage increase in
average wages among the employees of the
companies concerned. This, by any means,
is a substantial increase in average wages or
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compensation occurring because of the op-
eration of the skill effect. Its effect is to
overshadow the negative scale effect asso-
ciated with the diffusion of new technology.

The diffusion of broadband technology,
measured as the extent of fiber optic cabl-
ing, has had the impact of raising wage le-
vels among the firms where the level of
adoption is relatively higher. This finding has
several managerial and policy implications.
From the point of view of theory, these re-
sults strongly support the technology-skill or
capital-skill complementarity  hypothesis
within the telecommunications industry,
since the adoption of broadband technology
by firms does alter the composition of skill in
the firms concerned. This result also aug-
ments evidence from the individual level
studies which have examined the impact of
information and communications technology
diffusion on variations in the wage structure.

Second, based on the coefficient estimates
reported for models (C) and (D) in table 2,
the results show that a doubling of fiber-
optics broadband cabling in the companies’
networks is associated with over a 7 percent
rise in average compensation levels. For the
telecommunications sector of the United
States as a whole, and for the concerned
companies, this is an important finding. The
United States is not at all at the forefront of
broadband diffusion among the OECD coun-
tries, in spite of broadband being a general
purpose technology. Neither are the local
exchange carriers that we study at the fore-
front of broadband technology diffusion
within the United States (Frieden, 2005).
Our data also show this to be the case.

In the United States, while most house-
holds are passed by broadband cabling, for
the period studied less than a fifth did have
broadband connectivity and had to rely on
narrow-band dial-up facilities for Internet
connectivity. Only very recently has this pic-
ture changed. Also, the local exchange carri-
ers have represented less than a fifth of
broadband penetration in the United States,
with the rest of national broadband diffusion
being accounted for by the cable companies.
Nevertheless, the local exchange companies
possess the last mile connectivity monopoly,
with access to over one hundred and fifty
million homes in the nation, and fiber in
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their network backbone has very substantial
connotations.

If the quantity of broadband adopted by the
local exchange companies increases, then
not only does productivity increase, because
broadband is a general purpose technology,
but there is the spread of new Internet-
based business models built on the broad-
band platform. The evidence on the business
and economic impact of broadband (Bauer,
Kim and Wildman, 2003; Firth and Mellor,
2005, Frieden, 2005) is now categorical
about the large magnitude of the expected
impacts from its deployment.

Also, in accordance with our results, while
the impact on the quantity of employment
will be negative, the impact on the quality of
employment within the United States as a
whole is substantial because of the substan-
tially rising wage levels associated with en-
hanced broadband diffusion patterns. If the
average levels of fiber optics cabling among
the firms studied were to increase to, say,
15 percent, we would expect to see average
compensation levels rise by over 35 percent
among the firms, as the skill effect kicked in
and the demand for higher-skilled em-
ployees increased substantially. Albeit, em-
ployment levels would decline by about 15
percent, but these declines would be more
than compensated by the increases in aver-
age compensation levels that resulted.

The level of broadband diffusion in the Unit-
ed States is much lower than other OECD
countries. By that yardstick, if our results
are generalized across other OECD coun-
tries, the United States has also fallen be-
hind in comparative wage levels relative to
these countries, given the impact that a
general purpose technology has on raising
wage levels (Ferguson, 2004). Greater diffu-
sion of broadband will narrow the wages gap
that the United States faces relative to the
other OECD countries. Second, the wage
level in firms that adopt greater amounts of
broadband will be much higher than that in
firms which do not. This has important impli-
cations for labor market dynamics in the in-
formation and communications technology
sector in the United States.

Of course, as the speed of broadband diffu-
sion increases, and there is every possibility
of this taking place since the present level of
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diffusion in the United States is so low, es-
pecially among the local exchange compa-
nies, it is quite likely that variations in the
wage levels between firms in the same seg-
ment of the industry will widen considerably
as some firms pull ahead from the pack in
broadband adoption.

Nevertheless, at an aggregate level the en-
hanced speed of diffusion from the low base
will considerably raise living standards of
employees in the telecommunications sector
because of rising wages. In fact, the wage
levels can rise substantially given the cur-
rent very low levels of broadband diffusion.
Therefore, diffusion of broadband technology
is to be extremely strongly encouraged by
all means possible. From the perspective of
the managers of telecommunications firms,
the diffusion of broadband technology, as
with other information and communications
technologies, enhances the quality of the
skill set in the firm as a whole. This will have
a substantial effect on other parameters of
performance such as customer satisfaction,
market share and profitability.

Simultaneously, because broadband diffu-
sion brings with it several new functionali-
ties, it requires the human capital pool in the
telecommunications companies to possess
new skills. Thus, the skill-sets in the sector
will also be enhanced. Again, the same diffu-
sion dynamic will come to play. As some
firms pull ahead in the broadband diffusion
race, because of the speed of their individual
adoption, the level of skills in firms that
adopt greater amounts of broadband will be
higher than that in firms falling behind in
adoption.

As broadband diffusion increases among the
firms studied, with substantial scope availa-
ble to do so because diffusion levels ob-
served were low, the impact of such continu-
ing diffusion of broadband technology on
enhancing compensation and wage levels in
the sector can be profound for firms’ per-
formance and overall competitiveness. Nev-
ertheless, greater variations in broadband
diffusion patterns between firms will also be
associated with significantly notable diver-
gences in human capital capabilities. Of
course, what the impact of such human capi-
tal capability divergences is on eventual in-
dustry evolution patterns remains an entirely
speculative issue at the present. It is quite
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likely that the unobservable firm-specific
characteristics that drive the speed of diffu-
sion within some firms, and simultaneously
impact the quality of the human capital pool,
will also lead these firms to be those that
acquire other firms in the sector and drive
sector evolution forward via consolidation.
These are issues calling for further substan-
tial research.
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Table 2: Arellano-Bond dynamic panel data regression results with employment and compensation as

the dependent variables.

Employment Equation

Compensation Equation

Model (A) Model (B) Model (C) Model (D)

C(%eEf)f ' t-stat C(%eEf)f ' t-stat C(%‘Ef)f ' t-stat C(%‘Ef)f ' t-stat
Constant ('2332_'5(;‘19) 1.43% (i;'_gg‘;) 0.43 ((1):22‘11) 6.70%%x ((1):28‘2‘) 5. 75% %
Broadband '(ig%gj‘)‘ 2.41%%* _(121?42?); 3.11%%* (éégg) 3.39%%* ((1):?5%) 3.18%%*
Employment ;_; ((l)g(i)g) 77.71%*%* ((l)g(i)g) 78.22%**
Employment., ('(())_'51130) 16.50%%* ('(())_'51131) 16.61%%*
Compensation ., (8%53) 2.13%* (8:f(1)é) 1.73*
Compensation,., (-(?.é);;g) 1.19 (-(())..01703) 1.39
Size (;%:ggg) 1.94%x (Zg% 2.54%x
Market Share (ggi:gzg) 2.66%* (gggjg;) 2.36%* '(3:'3'5195; 2.64%% '(323'%? 2.52%%
Business Lines _(11?)?)3'.%21? 1.76%* ('11(?1533.'275428) 1.83%* (‘z‘é:gi’g) 1.70%* (‘z‘i:gég) 1.70%*
Urban é;‘ff_g‘g‘) 0.10 (gggé(?g;) 0.17 (EZZ%) 1.79% (ﬁ:%i) 2.30%*
Advertising (:1ag(1)a23.75';§) 2.63%* (:1322?9%3) 3.27%%% (-8486..(')54'153"5) 0.53 (-8484..2861&":5) 0.51
Customer Costs ('15786246.'27 fg?’) 3.30%%x ('15883246_'5535) 3.18%%x (ig:ggg) 1.91%% (Zé:gf&) 1.66%
Corporate Costs (1512 41(?.'20_,?91) 4,57%*x ('1506587 .'29219) 5,32k (299 '687492) 2.15%* (293. '489933) 2.52%*
Growth ('163};';;5) 4.46%%% '(4964}_';;)2 4.86%%*
Competition ('(?.'03257) 0.75 ('g.fjg) 0.72
Wald x? 53818.88 52206.18 47.16 45.41
N 435 435 435 435

**x *x and * represent significance at the 1%, 5%, and 10% levels respectively.
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Table 3: Arellano-Bond dynamic panel data regression results with Productivity as the dependent vari-

able.

Productivity Equation

Model (E) Model (F)

C(%‘Ef)f ' t-stat C(%eEf)f ' t-stat
Constant (04.'33565) 12.28%%x (103_;‘47283) 28, 1%
Broadband ((2)3(1)3) 3.48%*x* ((l)ggé) 2.31%*
Productivity +_; (8(1)‘2?) 6.78*** (8(1)?8) 11.01***
Productivity., (8:833) 7.21%%x (8:3(1)51;) 9.45%*x
Size (21“65f 5033) 14.55%%*
Access Cost (ég;g) 0.15 (_110290_'6248) -1.1
Market Share ('2170_34159) -0.37 ég: 2;) 0.81
Business Lines (25351. '9261) 4.13%%% (25846_ '2019) 5.28%
Urban (ﬁiég) 0.98 (122_53%;) ~2.14%%
Advertising ('159622.'512) -2.93%¥% (5511';3) -0.27
Customer Costs 1(;‘?:(7))1 2.35%* (gé:gg) 0.27
Corporate Costs (12652.6481) 6.32%*x* (ggig) 2.66***
Competition (-(())..0194;) -1.54 (-(())..029169) -2.29%*
Wald x? 9258 881.12
N 435 435

**x *x and * represent significance at the 1%, 5%, and 10% levels respectively.
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