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The Investment Opportunity Set and Industry Specialization by
Auditors

Abstract

While auditor industry specialization has attractedespread interest in the
academic literature, one of the most fundamentastons remains unanswered: Why
do some industries lend themselves to more interesinitor specialization than others?
In this study, we posit that 10S plays an importah in determining whether an
industry is an attractive target for auditor spkzagion. We argue that when industry-
specific 10S is high, auditors must make costlyustdy-specific investments that allow
them to offer a differentiated product and creatieyebarriers for other audit firms.
However, when a large component of 10S is uniqueptific firms within an industry
(i.e., 10S is highly variable within the industriis creates unique knowledge
requirements for the firm’s auditor, and it is mdi#icult to transfer knowledge and
spread costs across clients in that industry. gJsiuo different measures of I0S and
three alternative industry classification schemespresent evidence that auditor
specialization is increasing in industry I0OS levatsl decreasing in within-industry 10S

variability.



1. Introduction

Anecdotal and empirical evidence (e.g., Bertons51$8bgan and Jeter 1999,
Casterella et al. 2004) suggests that audit firee& secognition as industry specialists.
Evidence also indicates that industry specializatsoa differentiation strategy that allows
the specialist auditor to earn audit fee premiuRw@ter 1985, Mayhew and Wilkins
2003, Casterella et al. 2004, Ferguson et al. 2BG#\cis et al. 2005). However, while
the effects of industry specialization on auditsfesudit production costs, and audit
quality have been widely examined, after more tinandecades of research one of the
most fundamental questions — i.e., why do somesineis attract auditor specialization
efforts to a greater degree than others? — haseasot rigorously explored. Unlike prior
studies, we do not examine the effects of indugpcialization, but rather, we explain
why specialization may occur in particular indussrand we investigate this explanation
empirically. Our explanation focuses on differenoethe investment opportunity set
(I0S) between and within industries.

We draw upon the argument that if a set of potenlients can be characterized
on n-dimensions, audit firms will locate in tmedimensional client space at a position
that maximizes their expected profits (Chan e2@01). In equilibrium, audit firms will
choose to differentiate themselves (i.e., spe@galy making an investment in
“technology and human capital that is specific gven set of specializations” (Chan et
al. 2001, p. 9). Our interest lies in determimviyy that specialization is likely to be

industry based, and why it is likely to vary acrosdustries.



Mayhew and Wilkins (2003) suggest that audit fitmase incentives to provide
services that are not easily replicated by othditdums. One way to do that is by
making investments in industry-specific knowleddgdthough acquiring this knowledge
is costly, greater industry-specific knowledge tzad to a more clearly differentiated
product, and the benefits of this specialized kmaolge may not be limited to audit
quality but may also extend to the auditors’ apild provide advice and counsel.
Further, the cost of acquiring the knowledge cieatbarrier to entry by other audit
firms. Because of product differentiation and leasrto entry, specialization can benefit
the auditor by leading to potentially higher feempiums or enhanced growth in audit fee
revenues, as well as potentially lower costs duedeased efficiency, effectiveness, and
economies of scale. Under certain circumstanbeshénefits of industry specialization
will exceed the costs.

We argue that the levels of auditors’ industryesfpe knowledge vary across
industries and that such knowledge is related ® #@ailable to companies in particular
industries. In the vein of Smith and Watts (1992264), we view I0S as composed of
“prospective investment opportunities and assodipsg/off distributions.” While we
recognize that 10S is by no means the only possil@asure of industry-specific
knowledge' 10S affects a wide range of a firm’s corporatéges, including those
related to financing, dividends, and compensat®&mith and Watts 1992, Myers 1977).

These are important policies that are likely topaeross industries and that are likely to

! For example, prior studies (Eichenseher and D4a84, Danos and Eichenseher 1982) provide

arguments that specialization is more likely inugtlies that are subject to extensive regulatcd tape,”
such as healthcare or financial services (banking).



affect audit complexity. For example, expansiaotigh acquisitions introduces
consolidation issues, and investments in high dnarmas raise revenue recognition
issues for the auditor. Thus, we believe that p@&ents a unique combination of
relevant attributes suitable for research intottipéc of industry-specific knowledge and
its relation to specialization.

We also recognize that IOS can vary for firms witiin industry. As Gaver and
Gaver (1993) and Myers (1997) suggest, thereirsradpecific dimension to 10S.
Ceteris paribus, when the firm-specific component of 10S is moagiable within an
industry and firms have heterogeneous investmetitreg we expect that it will be more
difficult for an auditor to specialize becausesihiarder to transfer knowledge and
mitigate the cost per client of knowledge acquesit{e.g., training costs) among clients
in that industry. Thus, we hypothesize that auditdustry specialization is positively
related to the level of industry-specific IOS aradjatively related to the variability of
IOS within a given industry.

We use industry data from COMPUSTAT for the perd@86-2004 to test our
hypotheses. We define industries based on thfesetit classification schemes, i.e., 3-
digit SIC codes, 3-digit NAICS codes, and Fama-Enef1997) industries. In the spirit
of Hogan and Jeter (1999), to measure auditor inglspecialization, we use a two
auditor concentration ratio. Further, we meas@® in two ways using measures based
on Baber et al. (1996) and Gaver and Gaver (1998).use the median I0S in an
industry to measure the level of industry-spedi@S and we use the standard deviation

of IOS in an industry to measure its variabili@verall, we find evidence supporting a



positive relation between industry-specific IOS auoditor industry specialization and a
negative relation between the variability of IOl @uditor industry specialization.
Further, these results are insensitive to the disimof industries that we use.

The rest of this paper is organized as follo®sction 2 provides an overview of
the prior research on industry specialization byitaws. Section 3 develops our
hypotheses, which link auditor specialization te itvestment opportunity set. Section 4
describes the sample and method. Section 5 cenasuilts, and section 6 summarizes

and concludes.

2. Background

Although prior research into industry specializati@as focused on its effects
rather than its causes, there are a few notabkepérns. In this section, we discuss those
studies and provide an overview of the literaturespecialization effects. Recently,
Mayhew and Wilkins (2003) and Casterella et al0O@Quse Porter’s (1985) five forces
framework to explain why auditors pursue speciéitiwastrategies. Under Porter’'s
analysis, firms have incentives to specialize s they can offer a unique or
differentiated product to their clients. Their sjadization provides the audit firms with
competitive advantages. As Casterella et al. (2P0t out, this became particularly
important after the deregulation of the audit mankehe late 1970s and during the price
wars that followed. Mayhew and Wilkins (2003) aghat audit firms specialize along
industry lines because it allows them to offer a uniquelpot to a fairly homogeneous

group. Further, they note that specializing createompetitive advantage for the audit



firm in two ways — first, by decreasing the auditarosts, and second, by providing more
value for the clients. However, Casterella e{2004) and Mayhew and Wilkins (2003)
do not test their conjectures empirically.

Industry specialization can reduce auditors’ cegitser because expertise enables
audits to be conducted more efficiently and effed$i or because of economies of scale.
For example, industry specialists can spread tesad knowledge acquisition and
personnel training across more clients if theiustdy knowledge specialization is
associated with a high number of clients in thdustry. This was recognized early on
by Eischenseher and Danos (1981), who argue tli#bagoncentration should be
higher in industries where the auditor can useeseabnomies to reduce average
production costs. As expected, they find highetlitau concentration in regulated
industries (also see Danos and Eichenseher £982).

In addition, recent experimental research supgbesotion that specialist
auditors can lower audit costs by conducting méfieient and effective audits. For
example, Low (2004) finds that specialist auditoeske better assessments of risk and
develop better audit plans and time budgets. 2004) also finds that specialist
auditors are able to make higher quality changéshterited audit programs, in terms of
procedures, staff, and hours. Similarly, Owhosal ef2002) examine error detection in

industry specialist and non-specialist audit teaifisey find that, within specialist teams,

2 For example, regulated firms are often subjeciuital requirements, which might cause

managers of such firms to manipulate balance straetints to comply with these requirements. An audit
knowledgeable in the industry would be more akectteck for, and identify, any such manipulatidre i
firm is near a cutoff point. Clients in regulatediustries may also count on the audit firm to paevi
assistance in regulated form completion and otbgulatory matters.



audit seniors and managers detect errors in wqukrgan a complementary way (i.e.,
seniors in specialist teams detect more mechaeioads while managers detect more
conceptual errors, a finding not evident in nonesglest teams). Thus, compared to
specialist auditors, non-specialist auditors areegaly more likely to over-audit, which
can lead to excessive fees, or under-audit, leadimgore undetected errors.

Auditors’ differentiation strategies can providauwe to clients in several ways.
First, industry specialists may be able to providgher levels of assurance. As
suggested above, industry specialists are moratajgtecting errors and should conduct
better planned and more effective audits. Sedokdistry specialization can positively
affect the quality of the financial reports. Faample, Balsam et al. (2003) find that
firms employing industry specialist auditors havghler earnings quality where earnings
quality is measured using discretionary accruatktha earnings response coefficient.
Also, Dunn and Mayhew (2004) find that the quatifydisclosures is positively
associated with auditor industry specializatiomird, while not explicitly part of the
audit function, there is evidence that clients tatsr auditors’ ability to help the
company address its concerns (e.g., helping th@aonyngrow, foreseeing problems,
understanding the client’s business) as being edigimportant (Addams and Davis
1994). Carcello et al. (1992) cite a survey whHesgune 1000 controllers identified
industry knowledge and expertise as one of thegmrfactors in assessing audit quality,
and Behn et al. (1997) find that industry specalan can lead to higher client

satisfaction.



Finally, some evidence suggests that clients dl@agvto pay for audit services
that are differentiated based on industry speatbn. While studies based on non-US
data (e.g., Craswell et al. 1995, DeFond et al026@rguson and Stokes 2002) provide
conflicting evidence, two recent studies using W@&dlo find evidence of specialist
premiums in some cases. Mayhew and Wilkins (2@83jnine whether auditor industry
specialization (measured by the audit firm’s madtedre) affects audit fees for IPOs.
They apply the law of diminishing marginal retutosargue that certain stages of an
auditors’ industry market share growth will leacetmnomies of scale and lower fees.
They also argue that a dominant auditor (defined emrket leader with a market share
that is 10 percent greater than the nearest cotopatifers a differentiated good and
therefore can charge a premium. Consistent wéhr girediction, they find a negative
and significant relation between the IPO auditdad auditor market share but a positive
(also significant) relation between the IPO aueé &nd auditor dominance. Casterella et
al. (2004) use a broader sample of listed firmasdgl on Porter (1985), they focus on
client size. They expect that small clients whe islustry specialists will pay fee
premiums because they have little bargaining powtawever, they expect that large
clients who use specialist auditors will pay loviess because large clients will have
more bargaining power. Their evidence supportseipeedictions.

Hogan and Jeter (1999) provide evidence on how@uzmbncentration has
changed over time. They regress the three-firnt@udoncentration ratio on time,
whether the client’s industry is regulated (O,th§ four-firm concentration ratio for the

client industry, client industry litigation risklient industry size, client industry growth,



and the number of Big 6 audit firms with a selfddeed specialization in the client
industry. They also include an interactive varabétween regulated status and time.
Hogan and Jeter (1999) find significant coefficeefar all their variables. All the
coefficients, except for the coefficients for tlegulation/time interaction and litigation
risk, are positive. The regulation/time interantion conjunction with their regulation
variable, indicates that auditor concentrationeigulated (nonregulated) industries is
unchanged (increasing), in contrast to the findimigdanos and Eichenseher (1982) for
an earlier time period.

This last finding is particularly relevant for parses of the present research
because it suggests that industry-specific knovdedguirements extend to nonregulated
industries as well as to regulated industries. algumportant, Hogan and Jeter's (1999)
finding that audit leaders’ market shares increasest their sample period suggests that
these knowledge requirements intensified duringpitéod 1976 to 1993. The strong
economic growth in the 1980s and early 1990s, alittythe growth in information
technology, served to expand the investment oppibytget for some nonregulated
industries during this time period, allowing auiliins to invest more in industry-specific
knowledge and to increase market shatd@se industries. Further, increases in
globalization result in expanded investment opputies, thus creating a need for more
sophisticated, knowledgeable auditors competeatvitider range of skills. Also, rapid
growth often goes hand in hand with a heightengdlevel. These investment

opportunities and the related risk effects areeptdid in both the levels and variability of



IOS across firms in an industry. In the followisgction, we relate the specialization of

auditors in particular industries to the level aadability of industry-specific I0S.

3. Hypotheses

While industry specialization can provide benetfitshe auditor in the form of
higher revenues and lower costs, auditors do nadrbe specialists in all industries. This
begs the question: Why do some industries draverspecialization efforts by auditors
than others? In other words, what makes an inglastiattractive target for
specialization?

O’Keefe et al(1994) suggest that the provision of audit servioes client
requires investments in general knowledge, induspecific knowledge, and client-
specific knowledge. General knowledge (e.g., kealge of generally accepted
accounting principles or generally accepted auglistandards), while important for
conducting an audit, is not a dimension on whiathitaus would differentiate among
industries because the costs of acquiring and aggpbeneral knowledge are associated
with the auditor’s entire client base. Thus, aiffecences in industry specialization by
auditors across industries will relate to induspgcific or client-specific expertise
(knowledge, tools, etc.). We argue that induspscsalization by auditors relates
positively to the level oindustry-specific knowledge that is needed to audit the industry
and to provide optimal audit and non-audit servig@gel of IOS in the industry). We
also argue that auditors’ industry specializatielates negatively to the level dfent-
specific knowledge necessary to audit an industry and peowepitimal services, measured

as the variability of industry-related knowledg®$ variability within the industry).



Eichenseher and Danos (1981) hypothesize thatimdesstry differences in
specialized industry knowledge may lead to intelustry differences in auditor
concentrations because of economies of scale.r,&mos and Eichenseher (1982) limit
their focus for differentiating between industrsh high and low levels of industry-
specific knowledge to the regulated (or non-regadpstatus of the industry. We extend
their approach to argue thagteris paribus, any client environment with relatively high
growth options, or high I0S, is likely to have cheteristics that make auditing more
complex, regardless of the regulatory status ottieat’s industry.

Myers (1977) contends that the firm’s market valae be broken into: (1) real
assets (assets in place) whose value is indepeaofitrd firm's future investment
opportunities, and (2) real options (growth optjombose value depends upon the firm's
future discretionary investments. Examples of dghoaptions include “capacity
expansion projects, new product introductions, &itijon of other firms, investments in
brand names through advertising, and even maintenamd replacement of existing
assets” (Gaver and Gaver 1993, p. 127). Smithvdatts (1992, p. 264) show that 10S
can explain inter-industry differences in corponaddicy decisions (e.g., financing,
dividend, and compensation decisions).

Specifically, because growth options depend oriithes future discretionary
investments and are largely intangible, auditimfjent firm with high growth options
may require a deep understanding of the idiosyresad the industry that the firm
operates in and specific knowledge about the ask®ciated with the exercise and

measurement of the growth options. This specidlizewledge will help the auditor in

10



planning and executing the audit (Low 2004), datgoerrors (Owhoso et al. 2002), and
being able to identify earnings management attefiaisam et al. 2004). For example,
the auditors’ assessment of sampling sizes, cieatdn of technology-related
expenditures, and revenue recognition timing welbeind upon the auditor’'s assessment
of the possible outcomes from managerial discretiom probabilities of those outcomes,
and managers’ incentives in reporting related @atisns. In addition, the specialized
knowledge will enhance the auditors’ ability to ey assist, and retain clientele since
clients view the advisory facet of auditor servies<ritical (e.g., Behn et al. 1997).
Auditors familiar with the types of expenditurasque to a given industry are
more likely to identify classification errors suah capitalization of items that should be
expensed. Of course, many growth options areaqutalized in the financial statements
(e.g., R&D; internally generated goodwill), and @as may not regard the verification
that such expenditures are value enhancing asnathieir realm of responsibility.
However, at a more fundamental level, it is notgiue to separate the recorded accounts
from the environment in which the firm operategr Example, in establishing industry-
specific benchmarks that can be used to asses®th®lcy of a client’s ratios, those
benchmarks will reflect the industry’s operatingieonment which, in turn, reflects the
industry’s growth opportunities. Moreover, in @idy changing environment, it is more
difficult to determine what is “normal,” but this at least facilitated by increases in
auditors’ industry-specific knowledge. For exami@ given industry embraces a new
technology with the result that ratios are altesgdauditor without industry-specific

knowledge might err by comparing client ratios I or outdated benchmark ratios.
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At the extreme, the accounting system can prowaeings of financial distress,
and is valuable if it facilitates the timely exeeiof an abandonment option. Under these
circumstances, auditing is a particularly valuabknitoring device when there are high
growth options because the auditor reports on¢heumting system's ability to provide
early warnings of financial distreds.

Similarly, Anderson et a[1993) explain that accounting information is used
determine payoffs to the different claimholdersha firms and, further, that the auditor
must assess the appropriateness of the accounétigpds. They note that when
“unanticipated states” occur, the accounting mestene likely to be modified, and the
auditor must determine if the modifications aresistent with GAAP as well as with the
expectations of the various contracting partiescakding to Anderson et al. (1993, p.
357), managers “employ auditors as one mechanigndore that resources directed to
and from production-investment decisions are comsisvith the intent of management
decisions, and to insure that firm wealth is ndibéeately expropriated by claimholders
to an extent greater than the value of their claim.

We contend that auditor specialization is more &fle in industries with high
IOS or growth options because it enables auditbkeetter conduct efficient, effective
audits. Additionally, the fact that rapidly growifirms are likely to seek auditors

capable of assisting in the growth process thrabgh counsel and insight adds to the

3 There is some confusion, expressed by variouspgravithin the business community, about

whether the auditor expresses an opinion aboutehtth of the company or about the health of itaricial
statements. To the extent that the most inforredtipe of audit opinion is viewed as the going-&nc
opinion, one might opt for the former definitionh@reas a recognition that such opinions make wgna v
small fraction of all audit opinions issued wouéér the latter view.
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value of specialization skills in a setting of higtowth options. Although these services
are not related directly to the audit function ytlage nonetheless valued by clients and
thus play a nontrivial role in the cultivation oidustry-specific expertise (Addams and
Allred 2002, Wooten 2003).

Based on the above discussion, we expect thattiydsgsecific knowledge can
create opportunities for product differentiatiorhieh allows less costly audits and/or
higher audit fees. The higher costs of obtainimystry-specific knowledge in high 10S
industries establish barriers to entry by otheritausl Nonetheless, we also recognize
that, while auditors seek to capture growing reeestteams from clients in growing
industries, they also need to guard against audiiient failures as growth bubbles may
burst. On balance, we predict that:

H1  Asindustry-specific IOSincreases, the incidence of auditor specialization in that
industry increases.*

The incidence of industry specialization is alelly to be affected by the level of
client-specific knowledge that is needed to audiividual clients in an industry. We
may think of firms in an industry as being locatea-dimensional space, whemne
represents various client characteristics (e.g.&®an et al. 2001). Similar firms will be
clustered in this-dimensional space while dissimilar firms will beparated by more
distance. At one extreme, where all firms in afustry are identical, or where firms are

located in a single cluster mdimensional space, a single specialist auditoldcoapture

4 While we examine whether an industry speciakgtts, we do not examine which audit firm is

most likely to be the specialist. Based on Port886), there is likely to be a strong advantagetfferfirst
mover. However, we leave this issue for futureaesh.
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the entire industrygeteris paribus. Thus, we expect that where client-specific krexige
is less variable (i.e., industry firms are simiJam audit firm that acquires client-specific
knowledge for one firm will be able to transferttkmowledge to other firms in the same
industry and will be able to obtain a larger shafrthe market. In this setting, auditors
should also be able to benefit from greater scad@@mies or be able to pass fee
reductions to their audit clients as a result afrdasing costs. Further, in this setting, it
is easier for auditors to safeguard themselves frenpotential costs associated with
client or audit failures once they have acquireddbsired level of expertise.

However, at the other extreme, where each firrnimdustry is unique or where
firms are diffused in n-dimensional space, cligreafic knowledge is not transferable,
and no audit firm can gain a comparative advantdgris, in these industries, we expect
to find a more even distribution of market shan@sas audit firms.

Between the hypothetical within-industry extremégayo and complete variation
in client firms’ 10S, there is a region where clighave highly specific investments that
are proprietary in nature, and these firms haveritiges to use an industry specialist
auditor to benefit from specialist advice and aasoe and, potentially, lower audit fees.
On the other hand, these client firms may also Ipa¢ential incentives to avoid the
market leading auditor in their industry becaussy/ttio not want this proprietary
information transferred to their competitors (ekgyon 1996).

Overall, in industries where the 10S variabiliyhiigh and firms’ growth options
are dissimilar, we expect that auditors investmfrm-specific knowledge will be

unable to transfer their investment to other cBertlience, no auditor will be able to
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provide a differentiated product that can be offerest-effectively to all firms in an
industry, and no auditor will be able to domindte industry. As the variability of firms’
IOS decreases within an industry, the ability emsfer industry specific knowledge and
skills cost-effectively increases, and greater tandipecialization is to be expected.
Consequently, we hypothesize:

H2  Asclient-specific IOSin an industry increases, the incidence of auditor

specialization in that industry decreases.

4. Data, variables and method
4.1  Dependent variable

Similar to Hogan and Jeter (1999), we measuresingigpecialization using a
ratio of auditor concentration. However, unlikegda and Jeter who use a three-audit
firm concentration ratio, we use a two-audit firatio (ACR2) because we want a more
restrictive definition of industry specializationdabecause by the end of our study (2004)
there are only four large audit firms. Also, waenthat this measure is consistent in
principle with that used in the Mandated Study ams$blidation and Competition
conducted by the U.S. General Accounting Officduty of 2003 (see GAO 2003,

Appendix IV, Figure 13, for exampl@).

> As an alternative measure of industry specialiratiee repeat our analyses using the market share

for the leading auditor in each industry as theetielent variable. The results are qualitativelyilsiro
those presented in section 5 except significanaedeare somewhat lower.
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4.2  10Svariables

Because there is no single, widely accepted me&sut®S in the literature, we
use two measures — one developed by Baber et986)and the other based on Gaver
and Gaver (1993). Both studies rely on a factaiyans to measure firms’ 10S, but they
include slightly different variables. The Baberét (1996) factor score is based on the
following four variables: (a) prior investment ingty for yeard-2 throught, (b) the
geometric growth in the market value of assets fyearst-2 throught, (c) the ratio of
the market value to book value of assets at theoégdart, and (d) the ratio of research
and development expenditure to book value of asdele end of yedr The Gaver and
Gaver (1993) factor score includes the followingafales: (a) the ratio of the market
value to book value of total assets at the enceafty (b) the ratio of research and
development expenditure to book value of assdtseatnd of yeat, (c) the ratio of the
market value to book value of equity at the englezfrt, and (d) the earnings to price
ratio (EP). Thus, the two measures of 10S thatgesare: (1) a factor score based on all
four of Baber's variables, and (2) a factor scaseda on four (of six) of Gaver and
Gaver's variable§. We use these measures to compute both an inespnjfic 10S
measurel(OS) and our 10S variability measurglQS), and we label the measures using
the suffix “ B” for the Baber et al. based measures a#f for the Gaver and Gaver

based measures. Consequently, we have four measfu@s, i.e., two measures of

6 Gaver and Gaver (1993) use two other measurtdinfactor analysis, specifically the variance

of total returns on the market value of the firnd éime number of growth-oriented mutual funds thath
the firm’s shares in year We exclude these variables for theoretical aiadtiral reasons. Baber et al.
(1996) note that the correlation between the vagaof total returns and future investments is o a
further that the variance cannot be computed fatively new firms. Baker (1993) expresses congern
regarding the use of the mutual fund measure.
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industry 10S [10S B, I10S_G) and two measures of within-industry 10S varidili
(VIOS B, VIOS G).

To measurélOS we use the industry median of the client firn@SI factor
scores based on the Baber et al. (1996) or GaveGaner (1993) variables. Industries
with high average 110S measures are characterigéugh 10S industries. To measure
VIOS we use the within-industry standard deviatiothef IOS variable. When 10S is
extremely variable, this suggests that a large @mapt of I0S is firm-specific. For
example, if two industries have meld@S scores of 2 and one of the industries has two
firms with scores of 3 and 1 while both firms irtbecond industry have scores of 2, the
first industry has more firm-specific (i.e., uniQu®S. Thus, ouVIOSmeasure may be
viewed as being analogous to the measure of fireeiBp risk used in the finance
literature where firm-specific risk is measuredfas standard deviation of the residuals

from a market-model regression.

4.3  Method
We test H1 and H2 using a multivariate model adbfitem Hogan and Jeter
(1999, p. 6, equation 3), i.e.:
ACR2¢ = Bo+ B1ll0S¢ + B MIOSq + B 3TIMEy + B JREG + B sREG* TIME +
B 6CCRA + B7LITRISK; + BsMEANSIZE; + 8 oBIGS; + S 10BIG6; +
B 1BIGS + e 1)
ACR2y is the market share of the two largest auditoredaistryk. 110Sis the
median value of 10S in industkywhere 10S is measured using (a) a factor scoredbas

on Baber et. al. (1996)I0S B) or (b) a factor score based on Gaver and Ga@&2(1
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(NOS_G). VIOSis the standard deviation of IOS in industnyhere I0S is measured
using (a) a factor score based on Baber et. @6)1&10S B) or (b) a factor score based
on Gaver and Gaver (1992)10S G). TIME is a linear time effect variable (time =1, 2,
..., 21). REG is equal to 1 if industri is regulated, and 0 otherwis€CRA4 is the four-
firm industry concentration ratio for industkyn yeart. LITRISK is equal to 1 if industry
kis a high litigation-risk industry, 0 otherwiSeMEANS ZE is the average size,
measured as the square root of total assets (negbisumillions), of all firms in industry
kin yeart. BIG8, BIG6, andBIG5 are indicator variables wheB2G8 equals 1 for 1986-
1989,BIG6 equals 1 for 1990-1996, aBiiG5 equals 1 for 1997-2001 and the measures
are 0 otherwise.

We expect a positive coefficient fdlOSand a negative coefficient fol OS
The remaining independent variables are controhlsbes based on Hogan and Jeter
(1999). Hogan and Jeter find a positive relatietwleenTIME and the three-audit firm
concentration ratio, which indicates that specaian increases over time. They also
control for regulation because regulation may leaelconomies of scale, and find a

positive relation betweelREG and the three-audit firm concentration variabléeif

! Following Hogan and Jeter (1999), we classifyjngrin the following two-digit SIC codes as

regulated: 10 (metal mining), 12 (coal mining),(®8 and gas extraction), 14 (mining and quarryifig
nonmetalic minerals), 20 (food and kindred prodL@8 (petroleum refining and related industrid$),
(railroad transportation), 41 (transit, passengardportation), 42 (motor freight transportatioty,(water
transportation), 45 (air transportation), 46 (pipes$, except natural gas), 48 (communicationsjelxtric,
gas and sanitary services), 60 (depository ingtitg), 61 (nondepository credit institutions), 82¢urity
and commodity brokers, dealers), 63 (insuranceerajr 64 (insurance agents, brokers and servicdpb&
(holding and other investment offices). Also, lthea Hogan and Jeter (1999); Bohn and Choi (19%8);
O’Brien (1997), we classify firms in the followirtgro-digit SIC codes as relatively high litigatioisk
industries: 28 (chemicals and allied products)(iB8ustrial and commercial machinery and computer
equipment), 36 (electronic and other electricaligapent and components, except computer equipnisit),
(measuring, analyzing and controlling instrumer@i§)(depository institutions), 67 (holding and athe
investment offices) and 73 (business services).
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model’s interaction betwedREG andTIME yields a negative coefficient which suggests
that specialization has increased more in non-e¢gdlindustries in their sample.
Further, they find that the three-audit firm cortcation ratio is positively related to
CCR4 andMEANSIZE and is negatively related td TRISK. This suggests that auditor
concentration is higher in industries where induStms are concentrated or large, and is
lower where the industry is more prone to litigatfo

We use théIG indicators to control for the effects of audinfimergers and the
demise of Arthur Andersen, which together redutednumber of large audit firms from
eight to four during our test period. Our marketre measures are sensitive to the
number of auditors serving a market. For exangdsuming equal market shares, in a
market with eight auditors, each auditor would have.5 percent market share, but in a
market with five auditors, each auditor would hav20 percent market share. Thus, our
BIG indicators allow for different intercepts dependorgthe number of large auditors
that were active at the time. Keeping in mind #rabbservation is defined at the
industry rather than firm level, ti1G indicators capture the adjustment to the intefcept
which represents the 2002-2004 period when there oy four large audit firms.
Hence, we expect that each of BI& indicators will have a negative coefficient be@us
more large auditors in the marketplace should beaated with lower market shares on
average, with the coefficient @1G8 being the most negative and the coefficient on

BIG5 being the least negative.

8 We omit two of Hogan and Jeter’s (1999) contraiiables. First, we delete their growth measure

because this may be highly correlated WithS. Second, we delete their measure that captueestitiit
firms’ declared specialties because, unlike Hogah Jeter, we are not interested in the declaredalfies
but rather are interested in the auditor’'s speegmtis measured using independent data.
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We believe this approach is superior to the apgrosed by Hogan and Jeter
(1999) for the purposes of this study. By comlgriime two market shares of the two
merged firms in the pre-merger period and usingriheket share of the artificial firm in
their tests, Hogan and Jeter (1999) treat the mddiges as if they had been merged
throughout the test period. However, this masks#al audit market structure. In
particular, it is unlikely in the pre-merger perithdht the two audit firms were acting in

unison; rather, they would have been competingagaine another.

44  Data

We use three different industry classification sobe to identify industry
membership, i.e., 3-digit SIC codes, 3-digit NAIG&les, and Fama-French (1997)
classifications. We use all firms on COMPUSTAT# end of 2004, and we collect
data for the period 1984-2004. Because some o¥amables include lagged measures,
our test period is 1986-2004. We first compute AOR2 measure for each industry-year
that has at least five firm-years with data onltassets and auditor. These computations
involve 170,396 firm-year observations, and wehds separately for each of our three
industry classification schemes.

Next, at the firm level, we compute the six measw®ed in the 10S factor
analyses (i.e., prior investment intensity, geoiogrowth in market value of assets, ratio
of market value to book value of assets, ratio &DRexpenditure to book value of
assets, ratio of market value to book value of tgq&P ratio) for all firm-years with

sufficient data. We then run two factor analyssisg all firm-years with sufficient data.
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First, we factor analyze the firm-level variablegd by Baber et al. (1996), i.e., prior
investment intensity, geometric growth in markdteaof assets, ratio of market value to
book value of assets, and ratio of R&D expenditareook value of assets, using 90,894
firm-year observations. The resulting factor sedfAC_B) are used to computéOS B
at the industry level. Second, we factor analyzefirm-level variables used by Gaver
and Gaver (1993), i.e., the market to book valuetl assets, R&D expenditure to book
value of assets, the market to book value of egaitg EP ratio, using 84,298 firm-year
observations. The resulting factor scofe&¢_G) are used to computeOS G at the
industry levef The difference in the number of firms used intthe factor analyses
arises because not all firms have share pricetdatare needed to compute the EP ratio.
For each industry-year with at least five firmshmHAC_B scores, we compute
I10S B andVIOS B. Likewise, for each industry-year with at leasgeffirms with
FAC_G scores, we computéOS G andVIOS G.'° We do this for each industry-year
with sufficient data for every industry in eachaefr three classification schemes. Since
the number of industries differs across our thitassification schemes and since the
number of firms with 10S data varies dependinglanihdustry definition, the number of

industries used in our tests varies depending dohwdiassification scheme that we use.

9 We use the maximum number of firms to computespecialization measure to get the most

comprehensive measure of audit market structudree computeARC2 using only those firms with 10S
data, we ignore a large part of the market. Thustests assume that the IOS for the firms withdhta to
compute the IOS measures is representative ofaBedr all firms in the same industry. This is papged
by Smith and Watts (1992) who argue that theeesignificant industry component in individual fism
I0S.
10 We repeat our tests with a minimum of 10 firmsipdustry with IOS data. Our results are

gualitatively unchanged.
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Table 1 provides data on the maximum number ofstrgieyears used in our tests
for each classification scheme. Using the 3-dsdfi codes, we have 3430 industry-years
over the 21 year sample period. Using the 3-digitCS codes, we have 1513 industry-
years, and using the Fama-French industry claasifics, we have 889 industry-years.
These numbers reflect the numbers used in theitesttying [10S B andVIOS B.

Because not all firms have share price data forpedimg the EP ratio, the number of
industry-years for the tests involvihidS G andVIOS G are slightly lower. For these
tests, we have (untabulated) 3322 industry-yeagsdan the 3-digit SIC classification,
1479 industry-years based on the 3-digit NAICSsifacsmtion, and 885 industry-years
based on Fama-French classifications.

Insert Table 1

Table 1 also provides the mean and median numienaf within each industry
by year. In all three panels, the mean numbegxaeeds the median which suggests that
a few industries have a large number of firms. Ewsv, the median remains relatively

stable over the sample period for all three inqusiassification schemes.

50 Results
5.1  Descriptive statistics

Table 2 provides descriptive statistics AZR2, the 10S variables, and control
variables. The mean (median) BCR2 is 63.2 percent (62.5 percent) which suggests
that the average market share for the two largedit@s is around 63 percent across all
industry-years. Further, bottOS B andlIOS G have negative means and medians.

However, we note that this does not imply thatdberall economy has negative
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investment opportunities because the means ancaneeit panel A are based on
equally-weighted industries. For example, a laggewing industry with positive 10S is
weighted the same as a small, declining industtly megative 10S, but in reality, the
former is more important to the overall economynttiee latter. Moreover, we view
I1OS B andlIOS G as relative measures of I0OS rather than absolatsures, i.e.,
[10S B andllOS G provide a relative rank of I0S across industteslso, the
variability of HOS B andllOS _G are roughly the same (me¥(lOS B = 0.550, mean
VIOS G = 0.591).

The mean four-firm concentration rati@qGR4) is 49.7 percent, and the mean of
MEANSIZE is 23.387, indicating that the mean of the avefagesize within industries
is 546.95 million (= 23.387. Further, 22.9 percent of the industry-year oketions are
regulated, and 21 percent are from high litigatisk industries.

Insert Table 2

Table 3 provides the correlations between the I@Sthe control variables. First,
the correlation betwedhOS B andlIOS G is 0.721 which suggests that while the two
measures overlap, there still is a unique compatoedch. Second, the correlations
between the four IOS measures and the controlbagare all significant. The highest
correlation is betweeHOS B andLITRISK (r = 0.430) which suggests that growth
opportunities are higher in high litigation induss. Third, the four IOS measures are
negatively correlated wittCR4 andMEANS ZE. This may reflect competition within

an industry. That is, growing industries may attreew entrants that will reduce

1 By construction, the mean of the firm-level factoores used to comput®©S B (i.e., FAC_B)
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available growth options. More concentrated indestand large industries may be more
mature industries where 10S is lower on a reldbasis. Fourth, the correlations
betweerMEANS ZE and the four other control variables are signiftcauggesting that
the mean size of firms in an industry is growin@motime, is higher in regulated
industries, is higher in industries where the firmne more concentrated, and is lower in
industries that have high litigation risk. Fiffirm concentration is higher in regulated
industries, an€€CR4 andLITRISK are negatively and significantly correlated which
indicates that firm concentration is lower in higlgation industries.
Insert Table 3

Table 4 identifies the top, middle, and bottomridustries ranked b)OS B
(left column) and/1OS B (right column). We show the top, middle, and bwttl0
industries for 1986 (the first Big 8 year in oungae), 1989 (the first Big 6 year), 1998
(the first Big 5 year), and 2002 (the first Big day) to give some sense of how IIOS and
VIOS have changed over time.

Insert Table 4

While purely descriptive, the rankings providedrable 4 are not at odds with
our priors. For example, the top 10 based on imgdd®S (1OS B) includes several high
tech and medical related industries, and six adel{ee., communication equipment;
computer and office equipment; drugs; laboratonyaagtus and analytical, optical;
research, development, and testing services; surgnedical, and dental instruments)

appear in at least three of the four years. Furtregs (3-digit SIC 283) is the highest

andIlOS G (l.e.,FAC_G) will be equal to zero across all firms in our gden
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ranked industry based ¢rOS B in all four panels. On the other hand, many ef th
industries ranked in the bottom 10 basedI@$% B are related to financial services,
insurance, natural resources, and transportatithrguh the exact membership is not as
stable over time as for the top 10.

For the rankings based dOS B, the bottom 10 industries appear to be mature,
stable industries (e.g., railroad, water supplyls;grocery stores) whereas the top 10 is
harder to categorize and includes a wider variétgdustries. Finally, whilélOS B and
VIOS B are positively correlated (r = 0.486 in Tablet&®sed on Table 4, the overlap is
not extreme. That is, the industries that appeé#ne bottom (middle) [top] subsamples
based onlOS B generally do not appear in the bottom (middlepJsubsamples based
on VIOS B (drugs which appears in the top 10 based ©8 B andVIOS B in all four

years in an exception).

5.2  Multivariate tests

Table 5 summarizes the results from estimatingegu (1) using the two
alternative measures of I0S and using the threenaltive industry classification
schemes. Panel A contains the results for then®&sures based on Baber et al. (1996).
Where industries are based on the 3-digit SIC catiesmodel has an adjusted &t 47.1
percent. This is considerably higher than the @@ent R reported by Hogan and Jeter
(1999) who use ACR3, no IOS variables,Bi& indicators, and data from the 1976-1993
period. Based on an a F-test, the two 10S vargaptevide incremental explanatory
power relative to a base model that which excludeswo variables (F-statistic = 7.89, p

< 0.01). Consistent with our first hypothesis,@gakst auditors appear to be capturing a
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bigger share of those industries with higher leeélmdustry 10S, as evidenced by
I10S B being positively related tACR2. Also, we find a negative relation between
VIOS B andACR2, which suggests that as firm specific I0S increagee market share
of the two leading auditors decreases. This suppt2 and is consistent with the view
that it is more difficult for a single auditor téfer specialized services when 10S is
variable within an industry and client firm growdpportunities are more unique to the
specific firms.

Insert Table 5

In addition, all of the control variable coeffinits are significant and signed as
expected except fANME andLITRISK. Consistent with Hogan and Jeter (1999), auditor
specialization increases with the regulatory stafuitbe industry, firm concentration in
the industry, and the mean size of firms in thaustdy. In our model[IME is not
significant because o@1G indicators subsume its explanatory powetowever, also
consistent with Hogan and Jeter (199BG* TIME is significant with a negative
coefficient which suggests that industry specisiiimahas increased faster in non-
regulated industries over time.

For our models using the 3-digit NAICS and Famearkh industry definitions,
we also find support for both H1 and H2. In eaabed|OS B andVIOS B coefficients
are correctly signed and significant at the 0.@3%&l. For the model using the 3-digit
NAICS codes, th&I TRIK coefficient is significant and negative, whictcansistent

with Hogan and Jeter’s (1999) finding and suggstsindustry specialization is lower

We ran our models without tiB#G indicators included an@ilME was consistently significant.
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in high litigation risk industries. For the modsling the Fama-French industry
definitions, the main differences are that the sigid R is higher (64.4 percent) afREG
is not significant. Also, as in the 3-digit SICdeomodel LITRISK is not significant.

Table 5, panel B contains the results using tH& hi@asures based on Gaver and
Gaver (1993). The sample sizes are slightly smb#eause some firms did not have the
share price data needed to compute the EP ratipaoent of the Gaver and Gaver I0S
measure. The results are consistent with thosetexpin Table 4, panel A except that in
the Fama-French modelOS G is not significant. Between the two panels in[€dh
we find that 110S is significant in five of the smodels and VIOS is significant in all six
models. Together, this provides strong supporb@ith H1 and H2.

We conduct several sensitivity tests. First,risuge that our results are not being
driven by any particular Big N subperiod, we refaste equation (1) separately for each
subperiod. Table 6 provides these results in atdexl form, and panels A, B, C, and D
show the results fdtOS B andVIOS B for the Big 8, Big 6, Big 5, and Big 4
subperiods, respectively (untabulated results usiagsaver and Gaver (1993) measures
are qualitatively similar). To conserve spacedoaot present the results for the various
control variables, which are generally consisteitlh Whose in Table 5. The signs for
I10S B andVIOS B are remarkably robust across subperiods, butfgignce levels
vary, possibly because of the smaller sampledl, 8& generally find support for H1 and

H2 across the Big 8, Big 5, and Big 4 subperidésr the Big 6 subperiod, we find
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support for H2 but not for H1. Taken together, msults do not appear to be driven by
any of the four subperiods in our sample.
Insert Table 6

Second, since the number of firms in industriesinsample varies widely, we
also introduce a control for the number of industigmbers. Other things equal, we
expect it would be easier for an auditor to captud®ominant market share in industries
with few firms than in industries with many firm3hat is, in the former, an auditor may
only need one or two large clients to capture somsfjare of the market. Consequently,
we include a variable representing the numberrofdiin industryk in yeart (NFIRMS)
in equation (1). We expect a negative relationveenNFIRMS andACR2. While
NFIRMSis insignificant (based on one-tailed tests) Irtted models that we estimate, our
results (untabulated) for our 110S and VIOS measare qualitatively unchanged from
Table 5 whether we use the Baber et al. (1996)aneGGand Gaver (1993) measures.
Thus, our results are not affected by the numbérrot in an industry.

Third, we estimate equation (1) withdD€R4. Becaus€CR4 has by far the
most incremental explanatory power (e.g., t-siaisange from 21.74 to 41.86 in Table
5), CCR4 may be sapping power from the other explanatorylites including our I10S
and VIOS measures. This would be a concern if I#@& VIOS also affect the industry

structure as represented ®¢R4. Since 10S affects a firm’s investment and finagc

13 We are not surprised that our results are wefakeéhe subperiods than in aggregate as it takes

time for auditors’ client portfolios to adjust teenger influences such as client incompatibilitieswer-
reliance on a particular industry. Thus, the suiope may be too short to capture the equilibrium
portfolios. In contrast, data aggregated oversthtgperiods as in Table 5 are more likely to capgereeral,
enduring associations.
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decisions, it is not unreasonable to expect th& il affect the growth and distribution
of firms in an industry. Indeed, based on TablallXour IOS measures are negatively
and significantly related tGCR4. This suggests that firms with high levels ofustty
IOS and high variability in industry IOS are lessicentrated. Thus, by includi@R4,
we may be obscuring the explanatory power of 1@& ¥lOS which are more primitive
constructs of industry structure.

Table 7 provides the estimation results whie@R4 is omitted from our model.
We estimate models with (panel A) and without (p&)eNFIRMS usingllOS B and
VIOS B. The results using Gaver and Gaver (1993) messueequalitatively identical.
As expected, the t-statistics idOS B andVIOS B for the three models in Table 7,
panel A generally increase relative to the modelEable 5, panel A. FurthddFIRMS
has a negative coefficient and is highly signiftcanall three models. WhebCR4 and
NFIRMS are excluded (i.e., Table 7, panel B), the tstias forllOS B andVIOS B
increase relative to Table 5, panel A in all bue caseé’ Overall, the results in Table 7,
panels A and B suggest that the explanatory powd®©& and VIOS increase when
CCR4 is excluded.

Insert Table 7

6.0 Conclusion
While auditor industry specialization has attrdoteédespread interest in the
academic literature, one of the most fundamentastons remains unanswered.

Specifically, it is not clear why some industri¢gact greater auditor specialization than
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others. In this study, we posit that IOS playsmaportant role in determining whether an
industry is an attractive target for auditor spkzaion.

We argue that when industry-specific 10S is hagiditors have to make industry-
specific investments that allow them to offer dediéntiated product and create entry
barriers for other audit firms. However, when @écomponent of IOS is unique to
specific firms within an industry (i.e., I0S is hig variable within the industry), it is
more difficult to transfer knowledge between clgint that industry because each firm
faces a unique set of investment opportunitiesthisdcreates unique knowledge
requirements for the firm’s auditor. Under thesewmstances, knowledge cannot be
easily transferred to other firms in the indusaémyd the costs of acquiring the knowledge
cannot be spread across those firms. Thus, weeapmsitive relation between industry
IOS and auditor specialization but a negative i@hdbetween [0S variability within
industry and auditor specialization.

We use industry level data collected from COMPUSTVEr the period 1986-
2004. Our two measures of 10S are derived froactof analysis of variables used by
Baber et al. (1996) and variables used by GavelGawer (1993). Within each industry,
we use the median factor score to represent indl@8 and the standard deviation of the
factor scores to represent 10S variability. We alse a two-audit firm concentration
ratio to measure industry specialization. Our ltequrovide strong evidence that auditor
specialization is increasing in industry 10S levahsl that auditor specialization is

decreasing in within-industry IOS variability. Tdeeresults are robust to the industry

14 The exception is foHOS B in the model using 3-digit SIC codes wh#®@S B is not significant.

30



classification scheme (i.e., 3-digit SIC codesj@tdNAICS codes, Fama-French
classifications) and the IOS measures (i.e., Babal. 1996, Gaver and Gaver 1993) that
are used.

We recognize several limitations with our studfyrst, auditor specialization can
be measured in numerous ways (e.g., Neal and R@6%). While the measures we use
— based on the auditor’'s market share as measwyrénip clients’ total assets — are
consistent with Hogan and Jeter (1999) and muc¢heoprior literature, Neal and Riley
(2004) note that different measures of auditor igfieation can produce different results.
Second, and similarly, I0S can be measured inréifteways (e.g., Adam and Goyal
2003). While our results are highly consistent wiketve use measures based on Baber
et al. (1996) or Gaver and Gaver (1993), it is fmbsghat both measures might be
incomplete. Third, while we use three differerdustry classification schemes to
categorize industries, these classifications nmightalign perfectly with the way that
auditors define different industries, and as Fesguet al. (2003) and Francis et al. (2005)
suggest, industry specialization may be a loc#herathan national, phenomenon.
Fourth, the audit market has changed drasticaltiierpast twenty years. Over that
period the number of larger firms decreased froghteio four. As a result, it is not clear
that being a specialist auditor in 1986 is the sambeing a specialist auditor in 2002.
For example, differentiation may be more imporiard market with eight auditors than
with four auditors. While we control for this thretical concern to some extent by using
BIG auditor designations afddME as control variables in our regressions, this oann

completely control for changing perceptions.
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Future research could provide valuable insightsefiping the measures of
specialization and 10S, and by investigating thenogl industry classification scheme to
relate it most aptly to industry 10S levels andiahitity. Other avenues for future
research include the causes of variation in inglU€16 levels and variability; the precise
nature of the knowledge and skills necessary tecéffely and efficiently audit high 10S,
or high-variance I0S firms; and how auditors careag the costs of acquiring that

knowledge and skill base across their client-ptid$o
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Table 1
Number of industries and firm observations per stduby year

Panel A. 3-digit SC codes
Median # of firms per

# of 3-digit SIC Mean # of firms per industry industry used to

industries with 5 or used to calculate auditor calculate auditor

Year more firms specialization measures specialization measures
1986 162 41.40 23.5
1987 168 40.57 23.5
1988 170 39.59 23.5
1989 171 38.51 22
1990 166 39.61 23
1991 174 39.20 23
1992 169 41.04 24
1993 177 42.28 25
1994 175 46.12 25
1995 185 49.09 25
1996 187 49.50 24
1997 195 46.75 23
1998 200 47.13 22
1999 196 47.53 22
2000 193 46.20 21
2001 197 42.85 19
2002 190 42.17 19
2003 188 40.03 19
2004 167 36.12 17
All years 3430 43.10 23

Panel B. 3-digit NAICS codes
Median # of firms per

# of 3-digit NAICS Mean # of firms per industry industry used to

industries with 5 or used to calculate auditor calculate auditor
Year more firms specialization measures specialization measures
1986 75 95.07 55
1987 80 90.48 51
1988 80 88.41 51
1989 81 85.58 48
1990 82 85.05 44.5
1991 81 87.84 45
1992 81 90.05 50
1993 81 96.68 53
1994 81 104.93 56
1995 81 115.78 61
1996 82 116.94 66
1997 81 115.32 63
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1998 82 116.93 56.5

1999 82 116.02 54.5
2000 81 112.61 57
2001 81 106.00 50
2002 75 109.16 49
2003 75 102.44 45
2004 71 88.13 39
All years 1513 101.34 53

Panel C. Fama-French industries
Median # of firms per

# of Fama-French Mean # of firms per industry industry used to
industries with 5 or used to calculate auditor calculate auditor
Year more firms specialization measures specialization measures
1986 46 157.57 115.5
1987 46 158.87 123
1988 45 158.22 128
1989 46 151.78 119
1990 46 152.46 117
1991 47 152.77 112
1992 47 156.30 121
1993 47 167.94 133
1994 47 182.06 135
1995 47 201.09 143
1996 46 209.24 147.5
1997 46 204.13 144.5
1998 47 205.11 133
1999 47 203.40 135
2000 47 195.32 127
2001 48 180.25 119
2002 48 172.00 115
2003 48 161.52 108
2004 48 131.96 78.5
All years 889 173.78 124

Note:

The numbers above reflect the number of industars/éor tests where the Baber et al.
(1996) measures of I0S are used. The correspondimipers for tests using the Gaver and
Gaver (1993) IOS measures are 3322 based on 3ad@itode industries, 1479 based on 3-digit
NAICS industries, and 885 based on Fama-Frenchrjlifflustries.
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Table 2

Descriptive statistics specialization, 10S, andtoarvariables

Variable Mean Std.Dev. Minimum Median Maximum
Panel A. Specialization measure

ACR2 0.632 0.147 0.241 0.625 1.000
Panel B. IOSmeasures

[10S B -0.323 0.257 -0.910 -0.385 1.840
VIOS B 0.550 0.429 0.017 0.422 3.948
I10S G -0.221 0.301 -0.823 -0.293 1.468
VIOS G 0.591 0.517 0.008 0.457 7.587
Panel C. Control variables

REG 0.229 0.420 0.000 0.000 1.000
CCR4 0.497 0.202 0.052 0.494 0.992
LITRIK 0.210 0.408 0.000 0.000 1.000
MEANS ZE 23.387 20.145 2.782 17.348 236.648
Notes:

Variable definitions. ACR2, = market share of two largest auditors in indukffyOS B (110S_G) = median value of IOS in
industryk where 10S is measured using a factor score bas&dber et. al. (1996) (Gaver and Gaver 1998)S B (VIOS G) =
standard deviation of IOS in industtywhere 10S is measured using a factor score bas@&aber et. al. (1996) (Gaver and Gaver 1993);
REG, = 1 if industryk is regulated, and 0 otherwieCR4,, = the four-firm industry concentration ratio fodimstryk in yeart; LITRISK
=1 if industryk is a high litigation-risk industry, O otherwiddEANS ZE,; = the average size, measured by square root dftssats

(measured in millions) of all firms in industkyin yeart.

Sample size is 3430 industry years where industriedased on 3-digit SIC codes. Descriptive siegibased on the other industry
classifications (i.e., 3-digit NAICS, Fama-Frenaing similar and are not tabulated.
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Table 3

Pairwise correlations for IOS and control variables

I10S B VIOS B I10S G VIOS G TIME REG CCR4 LITRIK

VIOS B 0.486***

I10S G 0.721*** 0.354*=*

VIOS G 0.328*** 0.362*** 0.392%**

TIME -0.106*** -0.102%** -0.052*** -0.122%**

REG -0.121%** -0.053*** -0.168*** -0.122%** 0.027*

CCR4 -0.166*** -0.163*** -0.111** -0.093*** 0.054*** -0.164***

LITRIK 0.430*** 0.268*** 0.268*** 0.195*** 0.005 -0.240%** -0.093***

MEANS ZE -0.212%** -0.248** -0.248** -0.228*** 0.294*** 0. 386*** -0.050%** -0.112%**
Notes:

Variable definitions: 110S B (110S_G) = median value of 10S in industkywhere 10S is measured using a factor score bas&aber
et. al. (1996) (Gaver and Gaver 1993)0S B (VIOS G) = standard deviation of I0S in industyvhere 10S is measured using a factor
score based on Baber et. al. (1996) (Gaver andrG2@8); TIME = a linear time effect variable (time =1, 2, 21); REG, = 1 if industryk is
regulated, and 0 otherwiSECR4,; = the four-firm industry concentration ratio fodimstryk in yeart; LITRISK, =1 if industryk is a high
litigation-risk industry, 0 otherwis&/EANS ZE,; = the average size, measured by square root dbsgats (measured in millions) of all
firms in industryk in yeart.

Sample size is 3430 industry years where indusainiedased on 3-digit SIC codes. Pairwise cormiatbased on the other industry
classifications (i.e., 3-digit NAICS, Fama-Frenan® similar and are not tabulated.

* ** and *** indicate significance at 0.10, 0.0&nd 0.01 level based on one-tailed tests, reispct
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Table 4

Top, middle, and bottom 10 3-digit SIC industrigsli®S B and VIOS B in 1986 (Big 8), 1989 (Big @998 (Big 5), and 2002 (Big 4)

SIC

Ranked by [I0S_B
Industry

Ranked by VIOS B

SIC Industry

Panel A. 1986 (first Big 8 year in sample)

138
440
162
160
131
505
470
346
122
331

345
807
451
209
571
507
251
541
394
521

271
565
484
562
495
870
384
632
483
283

Bottom 10
Oil and gas field services
Water transportation
Heavy construction, except highway and street
Heavy construction other than building congtamccontractors
Crude petroleum and natural gas
Metals and minerals, except petroleum
Transportation services
Metal forgings and stampings
Bituminous coal and lignite mining
Steel works, blast furnaces, and rolling
Middle 10
Screw machine products, and bolts, nuts, scmévets, and washers
Medical and dental Laboratories
Air transportation, scheduled, and air courier
Miscellaneous food preparations and kindred
Home furniture and furnishings stores
Hardware, and plumbing and heating equipment
Household furniture
Grocery stores
Dolls, toys, games and sporting and athletic
Lumber and other building materials dealers
Top 10
Newspapers: publishing, or publishing and print
Family clothing stores
Cable and other pay television services
Women's clothing stores
Sanitary services
Engineering, accounting, research, managemedtelated services
Surgical, medical, and dental instruments
Accident and health insurance and medical
Radio and television broadcasting stations
Drugs

40

401 Railroads
511 Paper and paper products
35 3Roalling, drawing, and extruding of nonferrous
122 Bituminous coal and lignitenimg
291 Petroleum refining
493 Coatinn electric and gas, and other utility
531 Department stores
252  Office furniture
566 Shoe stores
220 xtileemill products

251 Household furniture
308 Miscellaneous plastics products
344  Fabricated structural metal products
20Aeat products
353 Qaetbn, mining, and materials handling
6 3Babricated rubber products, not elsewhere
506 Electrical goods
508 Machinery, equipment, and supplies
3 S¥ariety stores
28Aastics materials and synthetic resins, synthetic

632 Accident and health insurance and medical
283 Drugs
329 adibe, asbestos, and miscellaneous
470 Transportation services
233 Women's, misses', and juniors' outerwear
781 Motion picture productind allied services
679iscéllaneous investing
616ortddge bankers and brokers
388iscellaneous manufacturing industries
343 Heating equipment, except electric and warm air



SIC

Ranked by [I0S_B
Industry

Ranked by VIOS B
SIC Industry

Panel B. 1989 (first Big 6 year)

616
615
501
245
314
122
614
621
571
633

596
735
738
452
562
363
160
267
421
731

382
366
104
873
384
357
302
807
499
283

Bottom 10
Mortgage bankers and brokers
Business credit institutions
Motor vehicles and motor vehicle parts
Wood buildings and mobile homes
Footwear, except rubber
Bituminous coal and lignite mining
Personal credit institutions
Security brokers, dealers, and flotation
Home furniture and furnishings stores
Fire, marine, and casualty insurance
Middle 10
Nonstore retailers
Miscellaneous equipment rental and leasing
Miscellaneous business services
Air transportation, nonscheduled
Women's clothing stores
Household appliances
Heavy construction other than building congtonccontractors
Converted paper and paperboard products
Trucking and courier Services, except air
Advertising
Top 10
Laboratory apparatus and analytical, optical
Communications equipment
Gold and silver ores
Research, development, and testing services
Surgical, medical, and dental instruments
Computer and office equipment
Rubber and plastics footwear
Medical and dental laboratories
Electric, gas, and sanitary services
Drugs

41

505 Metals and minerals, except petroleum

493 Combination electric and gas, and other utility
491 fhleservices

614 Personal credit institutions

333 Primary smelting and refining of nonferrous

633 Fire, marine, and casualty insurance

494  Water supply
243 lividrk, veneer, plywood, and structural wood
263 Rageed mills
327 Ctmaggpsum, and plaster products

289 Miscellaneous chemical products

3&4bricated structural metal products
550 Automotive dealers and gasoline service station
495 Sanitary services
332 Iron and steel foundries
720 Personal services

267 Converted paper and paperhmadlicts

820 caHdnal services

565mify clothing stores
399 Miscellaneous manufacturing industries

9 9Nonclassifiable establishments
359 Miscellaneous industrial and commercial
358 Refrigeration and service industry machinery

439mmunications services
807edilval and dental laboratories

873 Research, development, and testing services
283 Drugs
100 Metal mining
287  Agricultural chemicals
512 Drugs, drug proprietaries, and druggists' seadr



Ranked by [IOS_B Ranked by VIOS B
SIC Industry SIC Industry

Panel C. 1998 (first Big 5 year)

Bottom 10
521 Lumber and other building materials dealers 4% ater supply
154 General building contractors-nonresidential 5Mome furniture and furnishings stores
501 Motor vehicles and motor vehicle parts 493 Cioatipn electric and gas, and other utility
221 Broadwoven fabric mills, cotton 263 Paperboard mills
631 Life insurance 162 Heavy construction, except highway and street
162 Heavy construction, except highway and street 91 4Electric services
152 General building contractors-residential 332onland steel foundries
314 Footwear, except rubber 272 Periodicals: publishing, or publishing and tinig
615 Business credit institutions 566 Shoe stores
633 Fire, marine, and casualty insurance 347 Cgatingraving, and allied services
Middle 10
335 Rolling, drawing, and extruding of nonferrous 022 Dairy products
327 Concrete, gypsum, and plaster products 499 trielegas, and sanitary services
506 Electrical goods 503 Lumber and other construction materials
750 Automotive repair, services, and parking 599 taRstores, not elsewhere classified
628 Services allied with the exchange of securities 308 Miscellaneous plastics products
201 Meat products 531 Department stores
352 Farm and garden machinery and equipment 874 adtement and public relations services
138 OQil and gas field services 870 Engineering, accounting, research, managemedtelated services
517 Petroleum and petroleum products 285 Paints, varnishes, lacquers, enamels, and allie
245 Wood buildings and mobile homes 353 Construction, mining, and materials handling
Top 10
873 Research, development, and testing services Jigdegraph and other message communications
366 Communications equipment 100 Metal mining
355 Special industry machinery, except metalworking 140 Mining and quarrying of nonmetallic minerascept fuels
382 Laboratory apparatus and analytical, optical 3 8Research, development, and testing services
482 Telegraph and other message communications &3Hd subdividers and developers
357 Computer and office equipment 281 Industrial inorganic chemicals
384 Surgical, medical, and dental instruments 1%2eneral building contractors-residential
737 Computer programming, and data processing 288ugdD
830 Social services 732 Consumer credit reporting agencies, mercantile
283 Drugs 358 Refrigeration and service industry machinery

42



Ranked by [IOS_B Ranked by VIOS B
SIC Industry SIC Industry

Panel D. 2002 (first Big 4 year)

Bottom 10
104 Gold and silver ores 204  Grain mill products
616 Mortgage bankers and brokers 750 Automotive repair, services, and parking
153 Operative builders 493 Combination electric and gas, and other utility
635 Surety insurance 401 Railroads
783 Motion picture theatres 655 Land subdividers and developers
501 Motor vehicles and motor vehicle parts 265 PRagmrd containers and boxes
499 Electric, gas, and sanitary services 221 Broadwoven fabric mills, cotton
633 Fire, marine, and casualty insurance 352 Fadrgarden machinery and equipment
452  Air transportation, nonscheduled 541 Grocery stores
614 Personal credit institutions 451  Air transportation, scheduled, and air courier
Middle 10
329 Abrasive, asbestos, and miscellaneous 138 n@igas field services
267 Converted paper and paperboard products 122umBibus coal and lignite mining
363 Household appliances 734  Services to dwellings and other buildings
160 Heavy construction other than building congtamccontractors 517 Petroleum and petroleum prsduc
531 Department stores 731 Advertising
371 Motor vehicles and motor vehicle equipment 80fealth services
504 Professional and commercial equipment 621 8gduokers, dealers, and flotation
232 Men's and boys' furnishings, work clothing 59Retail stores, not elsewhere classified
376 Guided missiles and space vehicles and parts 9 ™Miscellaneous amusement and recreation
302 Rubber and plastics footwear 208 Beverages
Top 10
355 Special industry machinery, except metalworking 782 Motion picture distribution and allied sensce
361 Electric transmission and distribution equiptmen 366 Communications equipment
873 Research, development, and testing services Miscellaneous publishing
367 Electronic components and accessories 873 Rbsemvelopment, and testing services
382 Laboratory apparatus and analytical, optical 1 3%Engines and turbines
737 Computer programming, data processing 283 Drugs
366 Communications equipment 202 Dairy products
357 Computer and office equipment 359 Miscellaneous industrial and commercial
351 Engines and turbines 365 Household audio and video equipment, and audio
283 Drugs 874 Management and public relations services
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Table 5

Summary statistics from regression of ACR2 on ihgu®©S, within-industry 10S variability, and conotrvariables

3-digit SC 3-digit NAICS Fama-French

Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic
Panel A. Baber et al. (1996)
measures
Constant 0.492 27.88*** 0.563 23.62%** 0.543 20467
[0S B + 0.021 2.75%** 0.037 3.08*** 0.031 2.76%**
VIOS B - -0.016 -3.68*** -0.038 -5.42%** -0.032 -3.81***
TIME + -0.000 -0.29 0.001 -0.69 -0.001 -0.73
REG + 0.037 4,39%** 0.070 6.76%** 0.006 0.50
REG*TIME - -0.002 -2.63%%* -0.004 -4 427 -0.003 -3.07***
CCR4 + 0.352 41.86%** 0.329 24, 77*** 0.320 22.56%**
LITRIK - 0.005 1.16 -0.020 -2.71%** -0.006 -0.73
MEANS ZE + 0.001 12.06*** 0.001 3.63%** 0.002 10.43***
BIG8 - -0.139 -0.35%%* -0.185 -9.47%** -0.190 -8.67***
BIG6 - -0.085 -8.80*** -0.112 -8.60%*** -0.117 -8.13***
BIG5 - -0.041 -6.81*** -0.066 -7.95%** -0.059 -6.49
Adj. R 0.471 0.497 0.644
F-statistic 278.67*** 136.95%** 146.74***
No. of obs. 3430 1513 889
F-stat. forllOS B 7.89%** 15.16%** 7.73%%*

andVvIOS B
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Panel B. Gaver and Gaver
(1993) measures

Constant 0.502 28.53*** 0.558 24.11%** 0.518 19'81
I10S G + 0.018 2.73%** 0.024 2.56%** 0.012 1.11
VIOS G - -0.019 -5.42%** -0.034 -6.59%** -0.021 -3.07***
TIME + 0.000 0.05 0.001 -0.68 -0.008 -0.61
REG + 0.049 5.74*** 0.069 6.73*** -0.005 -0.46
REG*TIME - -0.003 -3.65%** -0.004 -4, 70%** -0.003 -2.87%*
CCR4 + 0.353 40.26*** 0.334 23.86*** 0.325 21.74%**
LITRIK - 0.002 0.33 -0.018 -2.54%%* -0.003 -0.39
MEANS ZE + 0.001 10.57*** 0.001 3.50*** 0.002 11.83***
BIGS8 - -0.143 -9.44*** -0.189 -9.65%** -0.179 -8.06***
BIG6 - -0.089 -9.02%** -0.114 -8.79%** -0.112 -7.69%**
BIG5 - -0.047 -7.24%** -0.069 -8.18*** -0.058 -6.26***
Adj. R 0.460 0.489 0.629
F-statistic 258.43*** 129.57*** 137.41*%*

No. of obs. 3322 1479 885

F-stat. forllOS G 7.87%* 22.20%** 4.,75%**
andVIOS G

Notes:

AC2R¢ = fo + B 1110S¢ + B VOS¢ + B5TIME + 8 4REGy + B sREG* TIME + 8 CCR4 + LI TRISK, + S MEANSI ZE,, + 3 4BIGS,

+ﬂloBIGGI +ﬁllB|65[ +e

Variable definitions; ACR2,= market share of two largest auditors in indukffyOS= median value of IOS in industkywhere 10S
is measured using (a) a factor score based on Babalr (1996)1(OS B) or (b) a factor score based on Gaver and Ga@&2(1
(I1OS_G); VIOS= standard deviation of I0OS in industtyhere 10S is measured using (a) a factor scoredbais Baber et. al. (1996)
(VIOS B) or (b) a factor score based on Gaver and Ga@&2)1VIOS G); TIME = a linear time effect variable (time =1, 2, 21); REG
=1 if industryk is regulated, and 0 otherwigeCR4,, = the four-firm industry concentration ratio fodimstryk in yeart; LITRISK, =1 if
industryk is a high litigation-risk industry, 0 otherwiddEANS ZE,; = the average size, measured by square root dfsgats (measured
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in millions) of all firms in industrk in yeart; BIG8 = 1 if year is 1986-1988, 0 otherwiddG6 = 1 if year is 1989-1997, 0 otherwise;
BIG5 = 1 if year is 1998-2001, 0 otherwise.

Industries are based on 3-digit SIC codes, 3-gIlICS codes, or Fama-French (1997) industry clesgibns.

* ** and *** indicate significance at 0.10, 0.08nd 0.01 level. Tests are one-tailed where aisigredicted, two-tailed otherwise.
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Table 6

Summary statistics from regression of ACR2 on igu©S, within-industry 10S variability, and contrvariables by subperiod using
Baber et al. (1996) IOS measures

3-digit SC 3-digit NAICS Fama-French

Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic
Panel A. Big 8 subperiod
I10S B + 0.023 1.27 0.084 2.61 %+ 0.044 1.46*
VIOS B - -0.020 -2.24** -0.039 -2.24** -0.020 -1.09
N 500 235 137
Panel B. Big 6 subperiod
I10S B + 0.004 0.41 0.014 0.88 0.000 0.01
VIOS B - -0.027 -3.12%** -0.033 -3.51%** -0.013 -1.01
N 1589 731 419
Panel C. Big 5 subperiod
[0S B + 0.045 2.50%** 0.042 1.55* 0.095 4.20%**
VIOS B - -0.002 -0.21 -0.040 -2.33%** -0.079 -4.63***
N 786 326 189
Panel D. Big 4 subperiod
I10S B + 0.042 2.01%* -0.008 -0.22 0.050 1.59*
VIOS B - -0.000 -0.04 -0.031 -1.42* -0.039 -1.80**
N 545 221 144
Notes:

AC2R¢ = fo+ S1l110S By + B,VIOS By + S 3TIMEy; + 8 REGk + S sREG* TIME + 8¢CCR4y + B /LITRIK, + S MEANS ZE, +
oBIG8; + 1BIGE; + 5 1.BIG5; + &

Variable definitions. ACR2,= market share of two largest auditors in indukffyOS B = median value of IOS in industkywhere
IOS is measured using a factor score based on Babar (1996)I(OS B); VIOS B = standard deviation of IOS in induskyhere 10S



is measured using a factor score based on Babar €1996) YIOS B); TIME = a linear time effect variable (time =1, 2, 21); REG, =
1 if industryk is regulated, and 0 otherwigeCR4,, = the four-firm industry concentration ratio fodumstryk in yeart; LITRISK, =1 if
industryk is a high litigation-risk industry, 0 otherwiddEANS ZE,; = the average size, measured by square root dftegats (measured
in millions) of all firms in industrik in yeart. For economy, only the coefficients id©S B andVIOS B are reported.

The model is estimated for the Big 8 (1986-198%), B(1989-1997), Big 5 (1998-2001), Big 4 (20022psubperiods.

Industries are based on 3-digit SIC codes, 3-8i4ilCS codes, or Fama-French (1997) industry clasgibns.
* ** and *** indicate significance at 0.10, 0.08nd 0.01 level. Tests are one-tailed.
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Table 7
Summary statistics from regression of ACR2 on ingu©S, within-industry 10S variability, and contrvariables with CCR4 excluded
using Baber et al. (1996) IOS measures

3-digit SC 3-digit NAICS Fama-French

Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic
Panel A. NFIRMS
included
Constant 0.737 37.46%** 0.747 28.28%** 0.658 2194
[0S B + 0.046 4.77%* 0.072 5.09%** 0.052 3.84%x*
VIOS B - -0.022 -4, 24%* -0.048 -5.81%** -0.032 -3.17%**
TIME + -0.001 -0.70 -0.002 -1.41* -0.002 -1.02
REG + 0.020 2.02%+* 0.060 4,93%** 0.004 0.32
REG*TIME - -0.002 -2.33%* -0.004 -3.99%** -0.004 -3.01%**
LITRIK - 0.005 0.90 -0.053 -5.69*** -0.017 -1.65**
MEANS ZE + 0.001 8.32%** 0.000 1.52* 0.003 12.61***
NFIRMS - -0.001 -18.28*** 0.000 -6.53*** 0.000 -8.66***
BIG8 - -0.175 -10.11%** -0.217 -9.47%** -0.206 -7.76%%*
BIG6 - -0.115 -10.20%*** -0.137 -9.01%** -0.126 -7.24%%%
BIG5 - -0.056 -7.91%* -0.079 -8.14%* -0.064 -5.86***
Adj. R 0.272 0.338 0.481
F-statistic 117.02%** 69.50*** 75.83%**
No. of obs. 3430 1479 885
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Panel B. NFIRMS

excluded
Constant 0.724 35.13%** 0.752 28.06*** 0.676 21702
IIOS B + -0.008 -0.81 0.057 4,07%** 0.065 4.66***
VIOS B - -0.031 -5.71%* -0.051 -6.14%** -0.041 -3.88***
TIME + -0.002 -1.44 -0.002 -1.74 -0.003 -1.65
REG + 0.004 0.38 0.058 4, 72%** -0.011 -0.73
REG*TIME - -0.002 -2.07* -0.004 -3.96%** -0.004 -3.11%**
LITRIK - -0.010 -1.86** -0.084 -10.34*** -0.060 -6.52%**
MEANS ZE + 0.001 8.03%** 0.000 0.25 0.003 11.98***
BIG8 - -0.184 -10.10%*** -0.226 -9, 71%** -0.223 -8.11%**
BIG6 - -0.123 -10.39%+* -0.144 -9.36*** -0.141 -7.79%%*
BIG5 - -0.063 -8.51*** -0.084 -8.55%** -0.075 -6.63***
Adj. R 0.200 0.292 0.437
F-statistic 86.84*** 63.41%** 70.02%**
No. of obs. 3430 1479 885
Notes:
ACR2 = fo+ f1l10S By + 8,VIOS By + B3TIMEy + B /REG, + S sREG* TIME + B 6LITRIK, + ;MEANS ZE,; + S sNFIRMS +
L BIG8, + ,BIG6, + 5 1,BIG5; + e (panel A)
ACR2 = Bo+B1l10S By + S ,VIOS By + B 3TIME + S ,REG, + S sREG* TIME + B 6LITRIK, + 5 ,MEANSI ZE,; + 3 :BIG8, +
S BIGE; + 5 1BIG5; + € (panel B)

Variable definitions. ACR2,= market share of two largest auditors in indukffyOS B = median value of IOS in industkywhere
IOS is measured using a factor score based on Babar (1996)I(OS B); VIOS B = standard deviation of IOS in induskyhere 10S
is measured using a factor score based on Baledr €4996) VIOS B); TIME = a linear time effect variable (time =1, 2, 21); REG, =
1 if industryk is regulated, and 0 otherwiddEANS ZE,; = the average size, measured by square root dBgats (measured in
millions) of all firms in industnk in yeart; NFIRMS = number of firms in industrg, BIG8 = 1 if year is 1986-1988, 0 otherwiddG6 =
1 if year is 1989-1997, 0 otherwid®,G5 = 1 if year is 1998-2001, O otherwise.

Industries are based on 3-digit SIC codes, 3-8i4ilCS codes, or Fama-French (1997) industry clasgibns.

* ** and *** indicate significance at 0.10, 0.08nd 0.01 level. Tests are one-tailed where aisigredicted, two-tailed otherwise.
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