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Abstract

This paper examines the adaptation of board structure in U.S.
electric utilities following deregulation, with a new focus on the
impact of changes in firm complexity resulting from deregulation.
A comparative static approach is used to evaluate changes in
the board structure of 92 electric utilities in both pre- and post-
deregulation periods. Post-deregulation changes in board size and
the number of outside directors are positively related to changes
in the complexity of a firm’s operations. These results have an
offsetting impact to the overall result of decreased board size after
deregulation. Board size is significantly reduced for electric utilities
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that do not become more complex after deregulation, with fewer
outside and inside directors serving on these boards. By contrast,
board size does not change for electric utilities that become more
complex following deregulation; there are more outsiders but
fewer inside directors on these boards after deregulation. We
conclude that electric utility boards adapt to deregulation by
accommodating for changes in firm complexity in addition to
other effects induced by deregulation.
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Introduction

Much of the corporate governance literature is based on a Darwinian
view of organizations. One implication of this view is that firm survival is
dependent on the adaption of the firm’s corporate governance structure
in response to changes in the business environment. To date, a number
of researchers have examined this implication by studying the evolution
of corporate governance mechanisms in airlines, banks and electric
utilities following deregulation. The results show that after deregulation
1) equity ownership of outside shareholders and managers is more
concentrated, 2) executive incentive compensation increases, and 3) board
size decreases (Crawford, Ezzell, and Miles, 1995; Hubbard and Palia,
1995; Bryan, Hwang, and Lilien, 2005; Kole and Lehn 1999; Rennie, 2006):
in other words, a change in operating environment results in a change
in governance structure. In our paper we delve more deeply into the
offsetting factors that drive changes in board size and structure following
deregulation. In particular, we assess the impact of post deregulation
changes in firm complexity on changes in board size and the number
of outside directors.

We chose to evaluate changes in board size following deregulation in
light of recent literature that emphasizes the tradeoffs between larger
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and smaller boards as well as the dual role of boards, to monitor and to
advise. In the deregulation literature, authors have focused on the board’s
monitoring role. The prevailing interpretation of post deregulation
changes in board size has been that deregulation raises the incremental
costs associated with additional directors (i.e., a larger board) but has little
effect on the corresponding incremental monitoring benefits (Kole and
Lehn, 1999), which would imply that ceteris paribus deregulation would
result in a smaller board. However, recent findings on board determinants
identify another factor that impacts board size. Coles, Daniel and Naveen
(2008), Boone, Field, Karpoff, and Raheja (2007) and Linck, Netter, and
Yang (2008) find that boards are expanded and outside directors added
as complexity of the firm’s operations increases. Accordingly, firm
complexity has been shown to be positively related to the incremental
benefits associated with additional directors, and these benefits include
not only monitoring but also advising. This raises intriguing, unexplored
research questions concerning board adaptation following deregulation:
How does firm complexity affect the evolution of boards of directors
following deregulation? Could large, positive changes in firm complexity
after deregulation (such as increases in firm size, scope of operations,
geographic reach and reliance on debt financing) tilt the decision on
board size in favor expansion rather than contraction?

In this study, we examine these research questions using a sample
of electric utilities following partial deregulation of the industry. Our
intuition is straightforward: if deregulation makes it possible to increase
the complexity of electric utilities, and if some become more complex
while others do not, then utility boards should follow a more nuanced
evolutionary path after deregulation than the one currently documented
in the existing literature. More specifically, depending on the extent of the
changes in firm complexity, it is plausible that some boards could contract
while others could either expand or stay unchanged after deregulation.

We use a comparative static approach to conduct the analysis. The
objective is to identify two disparate regulatory regimes: a snapshot
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before deregulation and another after deregulation. Consistent with Coles
et al. (2008), we use factor analysis to measure changes in complexity by
aggregating the over time changes in firm size, debt, scale and scope of
the firm’s operations. The sample consists of 1052 firm-year observations
from 92 publicly-owned electric utilities over the period 1989-2000.
We use annual data from 1989-1992 to create a before-deregulation
“equilibrium” snapshot for each sample firm. When possible we use up
to eight years of data from 1993-2000 to calibrate the post-deregulation
snapshot. Incremental change is defined as the change between the two
equilibrium snapshots.

Consistent with the extant literature, we find a significant reduction in
overall board size following deregulation; however, this overall outcome
masks sizeable differences between utilities that become more complex
and those that do not. Board size declines significantly for electric
utilities that become less complex or exhibit little change in complexity.
By contrast, board size remains largely unchanged for utilities that
become substantially more complex; moreover, significantly more outside
directors serve on these boards in the post-deregulation period. Our
univariate results are reinforced by multivariate regressions that control
for variables such as lagged board size, CEO tenure, board ownership,
firm performance and regulation level.

These findings extend the literature that examines how deregulation
affects the adaptation of corporate governance (Crawford, et al., 1995;
Hubbard and Palia, 1995; Bryan, et al., 2005; Kole and Lehn, 1999; Rennie,
2006). In particular, they help clarify, inform and extend our understanding
of the evolutionary path boards take following deregulation. Our findings
indicate that that deregulation potentially induces two opposite effects
on boards, one caused by increased agency costs and the other caused
by increased firm complexity. The former condition induces a reduction
in board size while the latter condition can have an offsetting effect. An
increase in a firm’s incremental complexity leads to an increase in the
number of outside directors. In some cases the effect of increased firm
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complexity after deregulation could be large enough to neutralize the
effects of increased agency costs.

Finally, our results are related to recent studies reexamining board
determinants. Coles et al. (2008), Boone et al. (2007), Linck et al. (2008),
and Lehn, Patro, and Zhao (2009) find that firm complexity is positively
related board size and the number of outside directors serving on the
board. In this study we expand on the prior research by taking a different
focus. We assess the impact of changes in firm complexity resulting
from deregulation. We find a strong relationship between incremental
complexity and changes in board size and the number of outside directors.
Post-deregulation changes in board size and the number of outside
directors are positively associated with changes in firm complexity
following deregulation. However, the impact of increased firm complexity
on board size following deregulation is masked by the offsetting effects
on board size caused by increased agency costs.

Industry Background

Underpinning our analysis is the assumption that electric utility deregu-
lation increases the potential for greater flexibility in both operations and
organization that could lead to changes in firm complexity. By electric
utility deregulation, we mean changes in regulations and regulatory
enforcement that resulted from the 1992 Energy Policy Act (EPACT),
which is customarily regarded as the landmark legislature demarcating
two regulatory regimes in the U.S. electric utility industry (Bryan, et
al., 2005; Rennie, 2006). In this section we highlight the changes in the
business environment triggered by EPACT along with their potential
impact on firm complexity.

For most of the 20th century, federal and state regulations rigidly
prescribed the business of operating an electric utility. As a result, electric
utilities were essentially restricted to the business of generation, trans-
mission and distribution of electricity to customers within a confined
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geographic territory. The passage of EPACT and the ensuing partial
deregulation of the industry resulted in reduced regulatory oversight,
expanded product markets and increased flexibilities in business combi-
nations and operations. EPACT promoted competition at the wholesale
level by introducing a competitive new class of power generator, and
made it possible for electric utilities’ scope of operation to be expanded
both across geographic regions and across industries. For the first time,
electric utilities were permitted to own and operate non-utility genera-
tors anywhere in the country (within non-regulated subsidiaries) and to
invest in foreign power companies. With increased pressure to improve
operational efficiency, and with a more relaxed interpretation of permis-
sible merger partners by regulators, utilities could now pursue hori-
zontal, vertical and congeneric mergers. Moreover, wholesale competition
increased to the level where commodity trading of electricity became a
viable business (e.g., Enron), and increased choice for industrial customers
created a market for consulting services.

The electric utility industry is a capital-intensive industry with stable
cash flows, which traditionally has been characterized by heavy debt
financing. However, debt levels of electric utilities were reduced in the
1980s as plant construction slowed following a period of overexpansion
and in anticipation of deregulation. By the early 1990s, many electric
utilities were poised to increase their reliance on debt financing.

In short, the proceeding discussion suggests that following deregulation
managers of electric utilities have had greater flexibility to change the
scale and scope of operations, the firm size and the level of debt financing,
In other words, a range of different business strategies could be adopted
to cope with deregulation, and these strategies could make the firms
either more or less complex.



Firm Complexity and Board Structure 117

Literature Review

This study is motivated by the juxtaposition of two literature streams,
which we discuss below: the first examines changes in corporate gover-
nance following deregulation, while the second contains recent studies
that examine factors affecting board size and composition.

Deregulation and Changes in Corporate Governance
Mechanisms
Deregulation causes substantial changes in the business environment; as
such, it provides an ideal laboratory in which to examine how boards of
directors evolve. Deregulation induces instability in the operating envi-
ronment, reduces barriers to entry, increases product market competition,
and enhances disciplinary pressure from capital and corporate control
markets. The cumulative effect is that managerial functions become more
important after deregulation but managerial performance is either less
observable or more costly to monitor (Kole and Lehn, 1997). Two resulting
effects are 1) an increase in the severity of potential agency problems,
and 2) a reduction in the effectiveness of monitoring activities. These
simultaneous effects have the same implication for changes in ownership
concentration and managerial compensation, indicating increases in
ownership and incentive pay after deregulation, which are supported
by the prior literature (Crawford, et al., 1995: Hubbard and Palia 1995:
Bryan, et al., 2005: Kole and Lehn, 1999; and Rennie, 2006). However,
their implications for board size and composition are complicated and
uncertain. The increase in the severity of agency problems could increase
the costs of sluggish decision-making and free riding associated with
larger boards (Kole and Lehn, 1999), leading to an increase in the incre-
mental costs associated with additional directors. Alternatively, it could
lead to an increase in the incremental benefits of additional directors
if additional directors bring valuable information and expertise that
facilitate monitoring.
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Despite the theoretical ambiguity, the empirical evidence indicates
that board size contracts after deregulation (Kole and Lehn, 1999; and
Rennie, 2006). A plausible interpretation can be fashioned by focusing
on the board’s monitoring function: deregulation leads to an increase
in the incremental costs associated with additional directors but has
little or no effect on the corresponding incremental monitoring benefits.
Nevertheless, this interpretation may be insufficient in light of recent
findings on board determinants (Coles et al., 2008), since it neglects the
board’s advisory role.

Effects of Firm Complexity on Board Size and the Number of
Outside Directors
The board of directors is meant to perform two critical functions: to
monitor the CEO (Fama and Jensen, 1983) and to provide the CEO with
expert advice (Mace, 1971; Lorsch and MacIver, 1989). Firms with more
complex operations will require a broader range of expertise to provide
salient advice and informed monitoring. Accordingly, board size and
composition should be systematically related to firm complexity. We
discuss the relevant literature and related arguments in the following
discussion.

Outside directors are non-employee directors who are experts in their
chosen fields, and some, such as CEOs from other firms, may also have
expertise in decision control and ratification (Fama and Jensen, 1983).
Although outside directors may lack firm-specific information, they
could bring alternate and specialized knowledge and experience to board
deliberations. Outside directors are a likely source of wide-ranging expert
advice to the CEO that is otherwise unavailable from the firm’s current
executives and other inside directors who are closely related to the firm
and its management (Pearce and Zahra, 1989; Baysinger and Zardkoohi,
1986). Consistent with this view a growing body of evidence indicates
that outside directors are sought as board members for their ability to
provide expert advice (Agarwal and Knoeber, 2001: Guner, Malmendier,
and Tate, 2005: and Fich, 2005).
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Coles et al. (2008) formally test the hypothesis that board size and the
use of outside directors are positively related to firm complexity. They
use factor analysis to measure firm complexity along several dimensions,
including firm size and debt level as well as the scale and scope of the
firm’s operations. Their findings indicate that complex firms have larger
boards with more outsiders. Moreover, recent large-scale studies on
board determinants also provide similar results (Boone et al., 2007; Linck
et al., 2008; and Lehn et al., 2009). The findings in these studies indicate
that board size and the number of outside directors are directly related
to firm complexity because increases in firm complexity lead to greater
demand for advice and/or more monitoring. In this paper we evaluate
whether this relationship holds in the context of deregulation.

Hypotheses

When a utility becomes more complex after deregulation, two opposing
conditions can elicit decisions on board structure. The first is an increase
in the severity of potential agency problems and a reduction in the
effectiveness of monitoring activities (Kole and Lehn, 1997); its impact is
the reduction of board size, including the reduction of both inside directors
and outside directors. The second potentially offsetting condition results
from an increase in incremental firm complexity, which could lead to an
increase the number of outside directors and potentially to an increase in
board size as well. Since this offsetting condition only applies to firms that
become more complex, we expect a difference in the board size changes
of such firms. This line of reasoning leads to the following hypotheses,
which are stated in the alternate form.

Hypothesis 1.Changes in board size after deregulation are
different between firms that become more complex and firms with
little change or a reduction in firm complexity.

Hypothesis 2.Changes in the number of outside directors after
deregulation are different between firms that become more
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complex and firms with little change or a reduction in firm
complexity.

More generally, we expect changes in firm complexity to be positively
related to the number of outside directors and board size, which we state
more formally as two additional hypotheses in the alternate form.

Hypothesis 3.Following electric utility deregulation, changes in
board size are positively related to incremental changes in firm
complexity.

Hypothesis 4.Following electric utility deregulation, changes
in the number of outside directors are positively related to incre-
mental changes in firm complexity.

Methodology and Data

In this section we describe our analytical approach and the construction
of the data set. Also, we provide basic statistics to show the differences
between board characteristics and firm characteristics in the pre- and
post-deregulation periods. One key firm characteristic is a measure of
incremental complexity, which is described in detail.

We examine our hypotheses by analyzing comparative statics over two
equilibrium states. Firm-level observations from 1989 to 1992 are used
to construct variables for the equilibrium state prior to deregulation. We
deemed this time frame sufficient to characterize the pre-deregulation
period. When possible, up to 8 years of firm-level observations are used
during the period 1993-2000 to create the post-deregulation variables.
We use 8 years of data following the passage of EPACT because imple-
mentation of the enacted regulatory changes occurred gradually over
the remaining years of the decade.

An advantage of this comparative static approach is that it eliminates
noise associated with year-to-year changes in board size and membership
that are driven by transitory factors such as CEO succession and firm
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performance (Hermalin and Weisbach, 1988). In addition, it minimizes the
impact of institutional constraints, such as classified boards and director
tenure, which prevent firms from changing board size or membership
quickly. Moreover, just as it takes time for board structure to change,
incremental changes in the firm’s complexity would probably be gradual
as well.

Our sample consists of 92 electric utilities for which we are able
to construct measures of incremental complexity, board size, board
membership and other firm characteristics, in both the pre- and post-
deregulation states. We calculate the pre-deregulation variables for
each sample firm as the mean over the 4-year period 1989-1992, and
we calculate the post-deregulation period variables for each sample
firm as the mean for up to 8 years, from 1993 to 2000. All sample firms
have four years of available data during the pre-deregulation period. By
contrast, some of the firms have fewer than 8 years of data in the post-
deregulation period because they merged or were acquired. The final
sample contains 184 firm-level equilibrium observations spanning two
different regulatory regimes, with 92 firm-observations in each regime.

Table 1 provides variable definitions and reports the mean values of
board and firm characteristics in the two regulatory regimes. We use
data from SEC filings, such as proxy statements and annual reports,
to construct board size and membership variables. As Table 1 reveals,
there is a significant reduction in board size but a significant increase
in the fraction of outside directors after deregulation. On average, post-
deregulation electric utility boards have 0.44 fewer board members but
the fraction of outsiders serving on the board increases by 3.5 percent.
These changes are statistically significant (p < 0.01) using the matched-
pair t-test. The pattern of board structure changes is in line with Rennie
(2006) and consistent with his monitoring argument.

With respect to changes in director type, we find a significant drop
in the number of inside directors following deregulation: the average
number of inside directors drops from 2.7 to 2.2, a reduction of 0.5
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directors. This difference is significant (p < 0.01) using the matched-pair t-
test. By contrast, there is no difference in the number of outside directors.

Firm Characteristics
A key assumption underpinning our analysis is that managers of electric
utilities react to deregulation by adjusting their firm characteristics along
three dimensions: firm size, scope of operations and reliance on debt
financing. The data in Table 1 confirm this expectation: total assets (TA),
net sales (Sales), total debt (TD) and the number of business segments
(Segments) all increase substantially after deregulation. Further, all of
these changes are significant using the matched-pair t-test (p < 0.01),
except for the change in total debt which is significant at the 10 percent
level (p = 0.06).

Incremental Complexity
Table 1 also reports the mean values of incremental complexity in the
two regulatory regimes. We use factor analysis to measure a firm’s
incremental complexity. Incremental complexity is the factor score gener-
ated by applying factor analysis to proportional changes in four firm
characteristics. Following other studies that have used factor analysis
(Guay 1999; Gaver and Gaver, 1993), we compute a factor score based on
percentage changes in total assets, net sales, total debt and the number of
business segments for each equilibrium snapshot in the sample. We use
percentage changes rather than levels to capture the firm’s incremental
complexity rather than its complexity level.

The model specification is consistent with Coles et al. (2008). We use
total assets (in constant 2000 dollars) as a proxy for firm size, net sales
(in constant 2000 dollars) as a proxy for scale of operations, number
of business segments to capture scope of operations, and total debt (in
constant 2000 dollars) to capture reliance on external financing.

We use the full sample of 184 firm-level equilibrium observations to
perform the factor analysis. The first factor has an eigenvalue of 2.28 (not
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shown) that accounts for 57% of the total variance, but the other factors
are excluded because their eigenvalues are less than the critical cutoff of
1.0. Incremental complexity, our key test variable, is the factor score from
the model, which is computed as a linear combination of the transformed
values of the four variables. We expect that electric utility deregulation
will lead to a measurable change in incremental complexity, and Table
1 provides evidence to support this expectation. As with assets, sales,
segments and debt, there is also a significant increase in incremental
complexity over the two regulatory regimes (p < 0.01).

Results

Univariate Results

In this subsection we assess Hypotheses 1 and 2, namely, whether post-
deregulation incremental firm complexity is related to changes in board
size and the number of outside directors. To do so, we separate the
post-deregulation sample into two groups, using median Incremental
complexity to divide the sample, and we refer to the subsamples as low
incremental complexity (below median) and high incremental complexity
(above median).

Table 2 reports mean changes in board size and board membership. The
board size of low-incremental-complexity firms decreases by 0.828 direc-
tors on average in the post-deregulation period, and the change is signifi-
cant (p < 0.01). By contrast the board size of high-incremental-complexity
firms does not change significantly, and the average reduction in board
size is a scant 0.057 directors. Furthermore, changes in board size differ
significantly across the two subsamples as shown by the parametric F-
test for a standard ANOVA (p = 0.006) for equal means and the Wilcoxon
rank-sum test (p =0.002) for equal medians. These results provide support
for Hypothesis 1, which states that changes in board size after deregula-
tion are different between firms that become more complex and firms
with little change or a reduction in firm complexity.
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We also examine changes in the number of outside directors following
deregulation. For low-incremental-complexity firms the average number
of outside directors declines by 0.306 directors and the decrease is not
significant (p = 0.07). By contrast, the number of outside directors serving
on boards of high-incremental-complexity firms increases by 0.432 on
average and the increase is significant that the five percent level. (p <
0.03). Furthermore, changes in the number of outside directors differ
significantly across the two groups as shown by the parametric F-test for
a standard ANOVA (p = 0.003) for equal means and the Wilcoxon rank-
sum test (p = 0.003) for equal medians. These results provide support
for Hypothesis 2, which states that changes in the number of outside
directors after deregulation are different between firms that become more
complex and firms with little change or a reduction in firm complexity.

There is no evidence that incremental complexity has any effect on
changes in the number of inside directors following deregulation. On
average, for the high-incremental-complexity subsample, the average
number of insiders declines by 0.489 and for firms in the low-incre-
mental-complexity subsample, the average number of insiders declines
by 0.522. These changes are both significant (p < 0.01). Moreover, there
is no evidence that changes in insiders differ across the two subsamples
at conventional significance levels.

Correlations

In this subsection, we describe the correlations between post-deregulation
firm characteristics and changes in board size, the number of insider
directors and the number of outside directors. The correlations provide
validity for the incremental firm complexity measure developed from
factor analysis and provide preliminary evidence in support of Hypotheses
3 and 4.

Table 3 reports the Pearson correlation coefficients between the rele-
vant variables during the post-deregulation period from 1993 to 2000.
As expected, incremental complexity is positively related to percentage
changes in total assets, net sales, total debt and number of business
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segments, and the correlation coefficients are all significant (p < 0.01);
these results provide validity for the factor analysis. Moreover, incre-
mental complexity is positively related to changes in board structure:
changes in board size and changes in the number outside directors are
both positively and significantly correlated with incremental complexity
(p < 0.01). These relationships provide support for Hypotheses 3 and 4,
which posit that post deregulation changes in board size and the number
of outside directors are positively related to incremental changes in
firm complexity. Also, changes in board size and the number of outside
directors are positively related to changes in assets, sales, debt and
business segments, and most correlations are significant at 5 percent or
better. Lastly, there is a significant correlation between changes in the
number of inside directors and changes in board size (p < 0.01). However,
correlations between changes in the number of inside directors and other
variables are not significant at the conventional levels, although they
are generally positive.

Empirical Specification

We further explore the relationships between board structure changes
and incremental complexity by estimating the following equations:

(1) ΔBoard sizet = α + β1 Incremental complexityt + ε

(2) ΔBoard sizet = α + β1Board Sizet-1 + β2Incremental complexityt +
β3Controlt-1 + ε

(3) ΔOutsidert = α + β1Incremental complexityt + ε

(4) ΔOutsidert = α + β1Board Sizet-1 + β2Incremental complexityt +
β3Controlt-1 + ε

where ∆ is the over time change from before-deregulation to after-
deregulation, subscript t-1 denotes the before-deregulation period from
1989 to 1992, subscript t denotes the after-deregulation period from 1993
to 2000, and Controlt-1 is a vector of instrumental control variables. These
regressions are used to provide additional evidence for Hypotheses 3 and
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4. In this subsection, we explain the rationale for our chosen specification,
we describe the variable definitions and the variable selections for the
regressions.

We use OLS regressions to analyze post-deregulation change in board
size (∆Board sizet) and the number of outside directors (∆Outsiderst). This
approach differs from existing research on board evolution following
deregulation (Kole and Lehn, 1999; and Rennie, 2006), which uniformly
uses panel regressions to analyze levels of board structure. We focus on
changes rather than levels because Hypotheses 3 and 4 predict positive
relationships between post-deregulation changes in board size and the
number of outside directors and the firm’s incremental complexity.

Models 1 and 3 are designed to provide the baseline results. The
specification of these regression models is parsimonious as it includes
only two terms: the intercept term and the test variable (Incremental
complexityt). The intercept term provides a rough estimate of the average
post-deregulation change in board structure due to factors unrelated to
incremental firm complexity. These factors include reduced regulatory
oversight, increased product market competition, increased instability in
the business environment, reduced barriers to entry, enhanced discipli-
nary pressure from capital and corporate control markets, and time trends.

The variable, Incremental complexityt, is designed to capture incremental
change in the complexity of the firm’s operations following deregulation.
It is the test variable in ∆Board sizet regressions (Model 1 and 2) and
∆Outsiderst regressions (Model 3 and 4). In these regressions, the estimated
coefficient on Incremental complexityt offers a direct test of Hypotheses
3 and 4, which predict positive estimates for β1 in both Equation 1 and
3 and for β2 in both Equation 2 and 4.

We include board size before deregulation (Board Sizet-1) in the empirical
model because pre-existing board size should have a strong influence
on changes in the number of directors and changes in the number of
outsiders, holding other factors constant. A number of other variables are
included in the empirical model to control for the effects of CEO power,
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firm performance, and differences in the firm-level competitive/regulatory
environment. We use lagged values for these variables; more specifically,
all control variables, except firm performance, are calibrated using data
from the before-deregulation period between 1989 and 1992. Hermalin
and Weisbach (1998) reason that CEOs exercise greater influence over
board composition when they have more power, and empirical work has
supported this view (Boone et al., 2007). For our control variables, we use
CEO tenure and board ownership as proxy for CEO power. Hermalin and
Weisbach (1988) find that insiders are more likely to leave and outsiders
are more likely to join after a firm performs poorly. Accordingly, we also
include accounting firm performance before-deregulation (ROAt-1) and
after deregulation (ROAt) as control variables in the empirical model.
We use two variables, State deregulation and Holding company status, to
isolate the differential competitive/regulatory environment at the firm
level. State deregulation takes the value of 1 if the company is located or
operates in states that initiated plans to deregulate their retail electricity
markets; it equals zero otherwise. This variable is intended to isolate the
effect of state deregulation of the retail market. Since all states did not
initiate plans to deregulate their retail markets, electric utilities operating
in such states could face differential product market competition. Holding
company status is a dummy variable that equals one if the company
is a holding company in 1992, otherwise it equals 0. This variable is
included because firms already organized as a holding company before
the onset of deregulation might have a relative organizational advantage
in diversification and expansion following deregulation.

Regression Results

Table 4 presents estimates from regressions of ∆Board sizet and ∆Outsiderst

on incremental change in firm complexity, board size before deregulation
and other control variables. First we discuss Models 1 and 3, which
provide our baseline results. Next we discuss Models 2 and 4, which
include the impact of the control variables in the regressions.
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The intercept estimate (-0.525) for the regression of ∆Board sizet

(Model 1) is negative and significant (p < 0.01). This result implies that
electric utility boards are about one-half of a director smaller following
deregulation, holding constant the effect of incremental complexity, and
it is in line with that of Rennie (2006) who reports that, on average,
electric utility boards are about one-half of a director smaller following
deregulation (Table 1 in the study). Although the intercept estimate
is also negative for the regression for ∆Outsiderst (Model 3), it is not
significant at conventional levels. Thus, there is no evidence that factors
unrelated to incremental firm complexity have a significant effect on the
number of outside directors after deregulation.

For both regressions, the estimated coefficient on Incremental complex-
ityt is positive and significant (p < 0.01). According to the parameter
estimate in Model 1, post-deregulation electric utility boards add about
0.35 board members for every standard deviation increase in Incremental
complexityt (0.35=1.2×0.292, where the standard deviation of post-dereg-
ulation Incremental complexityt is 1.2 as reported in Table 3 and 0.292
is the estimated coefficient on Incremental complexityt from Model 1).
Model 3’s parameter estimate implies an analogous increase of about
0.34 outside directors (0.34=1.2×0.285). These results provide support for
Hypotheses 3 and 4, which posit that that post deregulation changes in
board size and the number of outside directors are positively related to
incremental changes in firm complexity.

We use the full specification in Models 2 and 4. The dependent variable
in Model 2 is ∆Board sizet and it is ∆Outsiderst in Model 4. For both
regressions, the estimated coefficients on Incremental complexityt remain
significantly positive (p = 0.02 in Model 2 and p = 0.04 in Model 4). These
parameter estimates imply that electric utility boards add about 0.36
board members for every standard deviation increase in Incremental
complexityt (0.36=1.2×0.301). The analogous increase in the number
of outside directors implied by Model 4’s parameter estimate is 0.34
(0.34=1.2×0.282). These results provide further support for Hypotheses
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3 and 4, which posit that post deregulation changes in board size and
the number of outside directors are positively related to incremental
changes in firm complexity.

In these models, the equation α + β1Board sizet-1 can be used to determine
a measure that is analogous to the intercept estimate in the baseline
models (Model 1 and 3), which provides a rough estimation of the post-
deregulation change in board size due to other factors unrelated to
incremental firm complexity. While α refers to the intercept estimate,
β1 is the parameter estimate for Board sizet-1. We note that this measure
differs from those in the baseline models in that it takes pre-existing
board size into consideration. On average, electric utility boards have
about 11.76 directors before deregulation (Table 1). Using this estimate
and the parameter estimates for α and β1 in Model 2 and 4, we find
the implied reduction in board size is about 1.21 board members after
deregulation, while the implied reduction in the number of outsiders is
about 0.23 following deregulation.

In sum, the results of these four regressions are consistent with
Hypothesis 3 and 4, which state that incremental firm complexity is
positively related to changes in board size and changes in the number of
outside directors after deregulation, and they confirm that on average
the board size of electric utilities is reduced following deregulation. Our
results are consistent with the extant literature on deregulation (Kole and
Lehn, 1999; Rennie, 2006), which shows board size decreases following
deregulation; however, our results also show an offsetting effect that
ensues when firms become more complex following deregulation: an
increase in the firm’s complexity has an offsetting positive impact on
the number of outside directors and the board size (as shown by the
coefficient estimates for Incremental complexityt).
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Summary and Conclusion

The data and analysis presented in this paper illustrate a strong, direct link
between incremental complexity and board adaptation in the U.S. electric
utility industry following the 1992 Energy Policy Act. Post-deregulation
changes in board size and the number of outside directors are positively
associated with changes in firm complexity following deregulation. These
effects run counter to the other effects of deregulation unrelated to
complexity such as increases in product market competition, increases in
agency conflicts etc. The effect of incremental complexity on the number
of outside directors is much stronger than the corresponding effect on
the board size. Indeed, we find that the increase in the number of outside
directors induced by a one-unit increase in incremental complexity is
enough to outweigh the opposing effect of factors unrelated to complexity.
The board size of electric utilities that become more complex does not
change appreciably following deregulation: there is a reduction in the
number of inside directors and an increase in the number of outside
directors. By contrast, the board size of utilities that do not become more
complex decreases significantly after deregulation, with reductions in
both the number of insiders and the number of outsiders.

In general, these findings support the view the board structure of
electric utilities is adapted to accommodate a variety of changing needs
induced by deregulation. In this context, our results are consistent with
two complementary views. On the one hand, deregulation induces a
greater need for monitoring since agency problems become more severe
after deregulation. On the other hand, deregulation induces a greater
need for advice and/or monitoring because it causes utilities to adopt
business strategies that increase firm complexity.

Although increases in firm complexity can induce greater needs
for monitoring, the incremental monitoring benefits associated with
additional outside directors are likely tempered by the reduction in
effectiveness of monitoring activities after deregulation. It is therefore
doubtful that the needs for monitoring contribute significantly to the



Firm Complexity and Board Structure 131

strong link between the number outside directors and incremental
complexity in utilities following deregulation. By contrast, the argument
that changes in outside directors are caused by the need for expert advice
seems more plausible, since incremental advising benefits associated with
additional outside directors are unaffected by the reduction in monitoring
effectiveness after deregulation. Accordingly, we offer an alternative
interpretation as follows. Increases in firm complexity disproportionately
raise the need for expert advice, leading to increases in the number
of outside directors, which, in turn, offset the opposing effects due to
increased product market competition, agency costs etc.
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