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ABSTRACT
When a firm grows, should it grow where it has dalits or where it has sector opportunities? Welfthat what
capability to focus matters more than what secdotus in determining firm performance. We resdhe two
important puzzles in firm theory (the focus and bleindary of firm) from the perspective of admirasing investment
opportunities. Focus denotes how related a firmiggets are; boundary denotes how many distingepts a firm
manages concurrently. We analyze the tradeoff ltweformational efficiency and option value thdiran’s
relatedness in its investment opportunities geasrd&ur solutions imply, first, a firm's focus dmlindary are
substitutes. Second, the value of a multi-projeot fs a convex function of its focus. Thus, theermediate focus is
the “stuck-in-the-middle situation” of corporateagegy. Third, the optimal hurdle rate for invesiris a function of
focus, but not firm boundary. The higher the foofia firm is, the more serious the errors in vahrabecome. Our
results suggest that the decision to choose betfoees and diversification is not as importanttes decision to
choose between capabilities such as flexibility exfidrmation system. The focus in a capability, tiw focus in the
type of target sector, determines the value ofithewith investment opportunities. Thus, our résudorrespond to
dynamic capabilities (Teece et al. 1997, Helfatle007) and management innovation (Hamel, 2d0@)contrasts
with Porter (1985) and ‘conventional wisdom’ (Kharend Yafeh, 2007). Further, we provide a novelaation for
the Bowman Paradox - without relying on the sanggliection bias argument. Methodologically, combingth the
mechanism design approach in modeling, the resufigest the integration of organizational econoraras capability
literature. We also show that real option and resmallocation perspectives are useful to resdiegouzzles in firm
theory.
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INTRODUCTION

With the firm objective to grow, a firm faces twbaices. One is business strategy to grow its
existing businesses through competitive advanfBlge second is corporate strategy for administenag
projects either related or unrelated. Thereforéeiermines the boundary of a firm whether to usesiness
strategy by advancing existing projects or a cajgostrategy by adding new projects. It determihes
focus of a firm whether to use related or unrelategborate strategy. Hence, we can call the foamehe
problem of firm boundary and the latter as the f@abof firm focus. To rephrase, firm-boundary demis
asks whether to explore a different project ondol@t existing ones, while firm-focus decision askhether
to explore related or unrelated project. Similadyorporate strategy can be related or unrelAtdidn
conducts related (focused) corporate strategy Wssiting in new projects related with its existimgek.
Unrelated (unfocused) corporate strategy investmielated projects.

Both decisions are major issues for the firm thed¥irm theory is to investigate the behavior and
organization of firms (Archibald 1987: The New Ralge: A Dictionary of Economics). Thus, firm theory
issues partly overlap organizational design proklémat deal with firm’s configuration, structure, o
architecture (Burton & Obel 2004). The behavior arghnization of firms have remained poorly undsodt
(Holmstrom & Tirole 1989) although they are theical decisions of the executives (Burton & Obed2D
In particular, prior research has largely ignoredlthe firm makes the firm-focus and firm-boundary
decisions jointly or how organizations jointly dgrsithe amount and type of investment opportunities.

Given the lacuna in firm and investment theories,research question is how firms jointly manage
their boundary and focus, or how firms jointly mgeats boundary and focus, or what the optimaltjoin
decision is. Since this is a too large researclt topcover satisfactorily in one paper, we dedmapproach
the problems from the perspective of internal resmallocation. Similarly, we operationalize theideon
about strategy into the decision about investmigategy (Bower 1970, Bower & Gilbert 2005).

How a firm allocates its resources is an importiaterminant of how a diversified firm performs
(Bower 1970, Scharfstein & Stein 2000, Bower & @ith2005, Khanna & Yafeh 2007). The analysis on
internal resource allocation also leads us to apgalyoption and agency theories. Real optionuisedul

framework to consider generating innovations frorestment opportunities (Grenadier & Weissb 1997).



The process of internal resource allocation isextlip agency problems (Scharfstein & Stein 20@yé&
& Gilbert 2005).

First, we view a firm as a set of investment opyaittes or a portfolio of real options (Myers 1984;
Dixit & Pyndick 1992). We embed the real optionghie process of internal resource allocation that
transforms potential investment opportunities m&alized projects dispersed across divisions. mteznal
resource allocation process includes the procesfurdormation sharing, the rule to relate the ‘ation of a
project with investment and managerial compensalibe headquarters (HQ) exercises the property tigh
design the structural context (Bower 1970) andlarate internal resources. We model these pragsedi
internal resource allocation process. We find thatrelatedness among real options is an impoveidble
to derive the optimal process of the allocation.

Second, we model agency issues. Internal resollooation incorporates agency problems (Bower
1970, Scharfstein & Stein 2000, Bower & Gilbert 2DR0rhe challenges HQ faces are that: (1) the proje
managers have different incentives from that of @ (2) they may have different information about
projects than HQ does. If the agency problemsewvers, resource allocation and firm collapse. We
incorporate into our model the governance mechaboisrasource allocation process about addressing
agency problems and maintaining the boundary ofdfir

We will show that the above setting allows us tecsfy the optimal configuration of firm and
management of investment opportunities expresstatiims of real options. The desired focus and the
boundary of the firms follow from how we configutee optimal resource-allocation process about niagag
investment opportunities. Importantly, we deriveatvimatters in firm value and competitive advantage
neither about which target sector to focus nor aldether to use unrelated diversification vs. ®dWhat
matters isvhat target capability to choos&his is the central finding of this paper.

This paper has several other contributions to iexjsesearch. First, we provide new insights about
the benefits of focus. We show that focus enhatieesfficiency of information system. Second, we
investigate the tradeoffs between unrelated ardeldiversification in order to derive optimal
diversification. The source of tradeoff is the imf@tion efficiency and option values existing iicde and

unrelated diversification respectively. Third, weamine the cost-of-capital in multidivisional firm@ne



interesting question is how HQ applies cost-of-tpo evaluate the projects of multiple divisiohrs.
particular, we can answer how such cost-of-caphiahges as the boundary and focus of firms vargs&h
are interesting questions, but prior research bagmestigated them well. Fourth, we rigorouslyide the
optimal process and organization of internal reseatlocation in multidivisional firms. This framevk can
guide multidivisional firms to efficiently allocaiaternal resource as well as maximize innovatiarteeir
internal resource management. Fifth, we establiahaptions framework as the theory of firm to explthe
two major issues of firm theory, i.e. how the boamydand focus of firms emerge.

Finally, we provide a novel explanation to Bowmama@lox (Bowman 1980). Bowman Paradox
guestions the inverse relationship between riskpamfbrmance, seemingly unintuitive phenomenon. One
popular answer is to argue that the paradox afiegsstatistical misspecification such as the sampl
selection bias (Andersen, Denrell & Bettis 2007k ¥én show that the paradox can emerge even witheut
sample-selection bias. Instead, we link betweearorgition design and the Bowman Paradox or between

firm theory and the paradox.

RELATED LITERATURE

We propose the two significant issues in firm tlyedirm boundary and firm focus, are inseparable
from each other. We frame the problem as admimigieeal options in the process of internal reseurc
allocation (Bower 1970, Bower & Gilbert 2005) suahhow many investment opportunities to administer
and what types of investment opportunities to managour approach, two countervailing forces wiork
generate optimal number and type of real optiome force determines the efficiency of informatigatem,
and the other the value of investment option pbogoWe draw intuitions from the literature abdiun
boundary, firm diversification, real option, fleXiby, and information system based on correlated
mechanism. Thus, we integrate the intuitions frathlorganizational economics and capability literat

First, in the theory of the firm, why does a firxist or how does its boundary occur? Since Coase
(1937) posed the question, various theories hapeaapd. Transaction cost economics (Williamson 1975
argues that the efficiency of internal transactiotih respect to market transactions determines firm
boundary. Asset specificity, which results in halgdproblem, is one of important underlying variattie

determine the transaction cost. Resource-based(RBW) suggests that firm boundary changes thrdhgh
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deployment of resource to other projects in ordegenerate superior performance (Barney et al.)2001
Knowledge-based view (Kogut & Zander 1992) propdbasfirms arise because they are better than
markets to handle tacit knowledge. Neoinstitutidhabry (Scott 2007: 3rd edition) views the bougdar
change as the diffusion of organizational formsmBiattempt to build legitimacy by adopting orgatianal
forms. Contractual and property-right views ardgua firms are contractual arrangement to fill the
incompleteness of standard market contracts (Gras#rHart 1986; Hart & Moore 1990).

Second, one of the primary issues in firm theomyhigther diversification creates value or notash
been argued that unrelated diversification destfioysvalues (diversification discount, Rumelt 19.7lore
recently, the results are mixed. After controllthg sample selection biases in the choice of catpor
strategies, some researchers suggest that dicatgifi can generate value (diversification premium)
Villalonga (2004ab) and Martin & Sayrak, (2003) yid® nice reviews for this issue.

We note the tradeoff between related and unrelditesisification. One benefit of unrelated
diversification comes from flexibility option. Tréprgis (1996) analyzes the flexibility option inbet in the
decision about internal resource allocation. Stg@97) models the option as winner picking in insgr
capital market. The lower the relatedness is, theeravident the best project becomes. This incesihse
value of flexibility option. In contrast, one beiteff focus occurs from the superior design of infation
system. This insight is from Vickrey-Clarke-Grou®$ckrey 1961; Clarke 1971; Groves 1973; Cremer &
Mclean 1985, 1988). Vickrey-Clarke-Groves (VCG) im&aism induces the players of a game to reveal thei
types and private information. Hence, VCG mechargssures ex-post efficiency. For instance, under a
VCG auction, the winner of the auction always valthe prize most. Cremer and Mclean (1985, 1988)
investigate the mechanism design problems in detsh the types of agents are related. In thisiiin,
they show that the principal can implement the salloeation as if one has full information abous tigpes.
Such mechanism is well investigated also in McAfdeMillan and Reny (1989), McAfee and Reny (1992).

We understand the value of firms as the aggregdte\of real options that a firm owns (Myers
1984). The structure of a firm, i.e. focus andrmtary, results from how the firm designs the pdidfo
structure of underlying real options. Kumar (2008ys that real option approach well explains tberdary

decision of joint ventures such as acquisition @indstiture. Tong and Reuer (2006) find that the



heterogeneity in the practices of firms to admarisatent real options generates the heterogeimefiym
values. Scherpereel (2008) proposes option-creatstigution (OCI) view of firm in order to incorpate the
manner that firms explore growth opportunities haddle qualitative uncertainties. Grenadier andsglei
(1997) show how to apply real option in assessiwgstment opportunities and innovations.

The intuition of our results is consistent with gignificance of dynamic capabilities (Teece et al.
1997, Helfat et al. 2007) and management (HamebR @t partially contrasts Porter’s (1985) sector
targeting. Teece et al (1997) propose that conipetitdvantages arise from how a firm copes witlidtgp
changing surroundings through administering intleand external competencies. Hamel (2006) proposes
that the innovation in management has determineddmpetitive advantages of various organizatioiws a
institutions. In addition, we extend the Porterigion of ‘stuck in the middle’ in business strateg{cost
leadership vs. differentiation) into corporate &gies. However, in contrast to Porter's recommgada
about sectoral targeting, we emphasize the impoetahcapability targeting. We also disagree with

‘conventional wisdom’ that argues the significaoteectoral focus (Khanna and Yafeh, 2007).

SETTING

Table 1 lists important concepts and behavioralmgsions used in our model. The nominal
definitions of focus and unrelated diversificateme high and low relatedness among projects inma fi
Their operational definitions use average corretatt the ratio between common and idiosyncratockh
to projects in a firm. The operational definitiohfiom boundary is the number of projects in a fide
presume that the events in a multidivisional firocur in the sequence described in Table 2. Initke f
period, process design, signaling, initial invegttrend initial cash flow occur. In the second peyio
reinvestment and firm value realization occur. éihvestment stage, HQ puts all money in the best
project. Table 2 describes only one cycle - witHoas of generality. Any organization of going cent
has series of such cycles that can overlap eaeh.oth

Burgelman (1983, 1991) provides detailed descripdind mechanism about signaling in the first
period and reinvestment in second period. Burgeloadls such processes as internal variation, sefect
and retention mechanisms using the terminologwtifical evolutionary theory. We argue that Burgeima

mechanism implies important tradeoff between themdal of variation and the benefit of retention,



which existing literature has not emphasized. Véeifyl the tradeoff by relating the characterisiits
variation and retention with the benefits of foemsl unrelated diversification. Similarly, Burgelman
(1983) calls for the balance between order andrsiityethat corporate management needs to control,
which we capture with the balance between focusuamnelated diversification. As Burgelman (1983,
1991) shows the importance of this strategic pmoge demonstrate how the organization of internal
resource allocation determines firm value.
*reeeek Insert Table 1 and Table 2 *xxxrex
The settings in Table 1 and Table 2 and someiadédittechnical assumptions yields the optimal

configuration of internal resource-allocation pres@ terms of information system and allocatioocpss

described in Table 3. The optimal process becohebdsis of our computational model. We explain the

proof and computational process in APPENDIX 1.

*kkkkhkk Insert Table 3 *kkkkkk

SIMULATION AND RESULTS

In Table 4, we relate propositions based on ourmgational results. The propositions summarize
our results and guide empirical tests for futuseeech. We will discuss the results and proposition
sequentially in this section.

TRk Insert Table 4 *xxxkxx

We perform Monte Carlo simulation 105 times to pore firm values. Figure 1 presents the
relation between the expected return and the dfietson, measured with both the number of divis@nd
the correlation.

*rxxkkk Insert Figure 1 and Figure 2 xxxksx

In Figure 1, the X-axis denotes t, the fractionh&f common factor in the type of a division. It
essentially represents the correlation among dingsii.e. the extent of focus. The Y-axis is thenbar of
divisions that the HQ considers investing in, the boundaries of a firm. The Z-axis is the expcturn
computed with the ratio between expected firm value the initial internal resources. It also siigsif
average Tobin’s g because it is post-investmenketdo-book ratio. It is clear that the number ofisions

and the correlation affect the expected returreny different ways. This shows the importance of
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distinguishing conventional diversification in tegraf correlation from the number of divisions. Thatvhy
we call the first focus/ diversification and thé&éds boundary.

Figure 2 depicts the relationship between firm gadad focus measured with correlation. The
graphs at low place are the returns when the nupftdivisions is smaller; upper graphs are the sfipo
case. As the number of divisions (k) increasesgthph changes from balanced smiles to smirks. Such
patterns arise because the number of divisionstaffem value more when correlation is small tdren it
is large. Thus, the correlation and the numbeid$idns are substitute$3/(6tok)<0) of each other. In
other words, small firms tend to show focus, whalge firms tend to exhibit unrelated diversificati
Therefore, when a firm has many divisions, it itdrefor the firm to reduce the correlation amongn. It is
an intuitive recommendation. As the projects ass later-independent, the flexibility option thatdwns
becomes more valuable. In particular, the valuth@hbest project increases with the increase imtineber
of options. In contrast, when the correlation ghhiadding another correlated division does naterenuch
value because the new project is much alike therathes.

The expected return is a convex function of coti@ta implying that we are likely to observe firms
demonstrating either much focus or much unrelaiegtsification. To rephrase, in equilibrium, we il
observe diversified firms clustered at high and felatedness among divisions. This is an exampleoof
corporate strategy can create value by appropyiatelosing the extent of relatedness among divésion

Porter (1985) argues that:

Interrelationships among business units are theipal means by which a diversified firm creates

value, and thus provide the underpinnings for cafgostrategy (p. 3)

One can argue that high-focus firm would producgdamarginal benefit from adding an unrelated
project instead of adding a highly related projetdiwever, it is important to note that ours is gaikbrium
argument, meaning that firms already optimize thejanization structure. Adding either correlated o
independent task does not help marginally. Whatghper proposes is that in equilibrium we willetve

the clusters of highly related and highly unreladegrsified firms (U-shape clustering).
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In fact, U-shape clustering is partially in linetlwvthe intuition of Porter (1985). Porter definegitk
in the middle’ as the situation in which a firm aggs in each generic strategy, but fails to actaeyeof
them. U-shape clustering occurs when firms avoidgostuck in the middle of narrow or broad targets
through corporate strategies. While Porter stre'ssesk in the middle’ in product market (cost leaship vs.
differentiation), we show that the similar phenom®ian happen in corporate strategy.

In addition, the U-shape result corresponds tdtbader literature about corporate diversification.
The portfolio view about corporate diversificatiomplies that unrelated diversification lowers theat risk
of a firm, so that it can eventually increase #sfprmance (Amit & Livnat 1988, Chang & Thomas 1988
comparison, to overturn the portfolio view, divéirsition can be inefficient since shareholders @amduct
portfolio diversification more easily, or agent plems arise (Brealey, Myers, & Allen 2005, Ross,
Westerfield, & Jaffe 2002). Our results show ttnet two views argalid in the polar cases, but may miss the
bigger picture Ambiguous empirical results strengthen this coojee (Campa & Kedia 2002, Graham,
Lemmon & Wolf 2002; Villalonga 2004ab) in which tier diversification premium nor discount prevails.
In addition, Khanna and Yafeh (2007) list seveegqrs that report U-shape relationship between
diversification and performance.

Our findings recommend a firm to concentrate eithaption value or in information system to
become the organization of eitherrelatedor relateddiversification respectively. Thughat matters in
corporate strategies is not about whether to sgizgan a sector, but about whether to specializa i
capability such as maximizing option values and informatiaiffitiency. Whether to seek in related or
unrelated sector is less relevant than what capatalbuild. Our finding is consistent with thetiiition of
dynamic capabilities (Teece et al. 1997) and mamagé innovation (Hamel, 2006). However, ours cestfra
Porter (1985), which recommends firms to focus devaselected target sectors, '‘conventional wisgom’
which advocates the benefits of corporate focusa(iia and Yafeh, 2007).

Furthermore, our U-shape can explain Bowman Parf8owman 1980) without relying on the
sample-selection bias story (Andersen, Denrell &iB2007). The literature tends to measure tHeais
firm with how its performance fluctuates. The vatda of performance is a natural measurement (e.g.

variance of accounting performance in Bowman’sinabpaper). In our model, focus increases theavae,
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but unrelated diversification decreases it. Fomga, in the limiting case of very large numbepadjects,
the variance converges to the variance of commeinrfanultiplied by the squared fraction of the coamm
factor. This is one in perfect focus, but zeroénfectly unrelated diversification in our normalizeetting.
The law of large numbers is the relevant intuitiSimce the performance is the U-shape functiomaofis,
risk-performance relationship is negative at ttfieHand of the U-shape. This pattern corresponds to
Bowman Paradox.

wrkkkk |nsert Figure 3 s

Figure 3 expresses expected return as a functidreafumber of divisions. The flat graphs describe
the relationship under focus. The peaked ones aglcen the type of divisions are independent. Time fi
value is an increasing function of the number gfsibns. Thus, the HQ wants to consider as manjept®
as possible for potential investment decisions. el@w, if it is costly to acquire a real option (eadixed
cost of maintaining a division or a project), agu@ solution for the optimal number of divisiondlarise.
Since the marginal benefit of adding divisions dases, the increasing or the constant marginabost
adding real options will produce the optimal santiThis is clearly a realistic case. The labotso$ hiring
project managers, which we have been disregardadye material fixed cost. Administrative costsalse
important. Besides such straightforward costsctst of multiple divisions can arise due to moriitgr
(Stein 1997), coordination (Fluck & Lynch 1999)damarket’s discount on free cash-flow due to the
flexibility in cash deployment (Matsusaka & Nand¥2, Inderst & Mueller 2003).

The change in the marginal value of adding a divisiomes from the change of the marginal value
of flexibility option, and is the representationtbé law of large numbers. The marginal value ef th
flexibility option is positive because the expectadlie of the best projects increases with thecime of
firm boundary. The best project is the first-orditistic of the sample. The marginal value of eckd
precision is also positive, because adding one maject is analogous to adding one more signahupo
which HQ can estimate the value of a project. @Quukation results demonstrate that the sum of those
marginal values diminishes with firm boundary. Thsult comes from the statistical properties aftforder

statistics and of the accuracy of sample meanldthef large numbers).
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Our results address the issue of Coase (1937)s leritique of Joan Robinson and other economists,
he argues that the upward-sloping cost curve ofrai§ not enough to determine the size of the figcause

the firm can broaden its boundary. Coase (193 #gsiri

But it is clear that a firm may produce more thae product and, therefore, there appears to be no
prima facie reason why this upward slope of the cosve in the case of perfect competition or the
fact that marginal cost will not always be belowrgiaal revenue in the case of imperfect

competition should limit the size of the firm. (Geal937)

Coase proposes that firm boundary arises fronréueoff between the cost of using price
mechanisms (marketing costs) and the cost of azgandifferent projects in the firm. Neverthelessch a
transaction cost story is silent as to why the imatdyenefit of internalization decreases or maajaost
increases in order to produce the solution for fawandary. This paper answers those questions loastu:
statistical properties of the flexibility option dimformation system on related signals. Thus, are c
conjecture that if it is costly to attain an invasnt opportunity, our model provides the interigiugon for
the optimal number of divisions. This conjecturéifine with Coase’s argument to determine theefien

and the limit of integration via firm instead of rkat transaction.

... factor of production (or the owner thereof) does have to make a series of contracts with the
factors with whom he is co-operating within thexfjras would be necessary, of course, if this co-
operation were as a direct result of the workinthefprice mechanism. For this series of contracts

is substituted one (Coase 1937: 336)

... a firm will tend to expand until the costs of igémg out the same transaction by means of an

exchange on the open market or the costs of origarniiz another firm (Coase 1937: 341)

11
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Figure 4 presents the relationship between thengptiurdle rate and the corporate strategies in
terms of focus and boundary. To remind, a firm gtve a project only when the expected return fthen
project exceeds a hurdle rate. We find that, wtileelation affects optimal hurdle rate, firm boanddoes
not.

wkkrrk Ingert Figure 4 Hoksmes

Although we conduct Monte Carlo simulation 10"6dsnwe could not achieve a smooth shape
when relatedness between divisions is close toxisteat. This implies that the sensitivity of fivalue to
the change of hurdle rate is high when a multidivial firm exhibits focus. Therefore, the focusathé
with related diversification should pay close aitemto hurdle rates. The Figure 5 and Figure Gastieese
patterns more clearly.

*rxxkkk Insert Figure 5 and Figure 6 xxxsx

In Figure 5, the X-axis denotes correlation, aredYhkaxis displays optimal cost of capital, creating
U-shaped curve similar to the relation between fiatue and focus, but more skewed. In Figure 6hickv
no clear relationship is visible, the X-axis indesnumber of divisions, and the Y-axis denotesy@itcost
of capital. In conclusion, optimal hurdle rate ibfct to the focus, but less to the boundaryraidi

Figure 7 integrate our propositions in line withblea4. Valuation accuracy influences the
performance of focus much. Hurdle rate is a fumctibfocus, not of boundary. Focus and boundary are
substitute such that the firms with related diviezation tend to have narrow boundary. Focus dea®the
value of flexibility option, but enhances inforn@tisystem. The expansion in firm boundary incretses
benefits of both flexibility option and informati@ystem, but at decreasing rate. The expansiarstb/c
because HQ should purchase and administer largebeof real options. A firm tends to specialize in
exploiting either flexibility option or informatiosystem resulting in either focus or unrelated-diification
entity respectively. The specialization and costxgfansion determines the organizational desigmof
optimized firm.

*reeekkk Insert Figure 7 and Figure 8 *rxkkx
Figure 8 summarizes managerial implications. Marmfgently decide whether to maximize option

value and whether to maximize the benefit of infation system. The joint decision generates fousibes

12



combinations of organization. We call {high infortiea system, high option value} as bog, {high inlimyw
option} as knowledge, {low info, high option} as pimlio, and {low info, low option} as inaction.

At bog, an organization attempts maximizing theaugalof both flexibility option and information
system. This involves moderate diversification, le/aillowing flexible application of cost of capital
However, such effort leads to stuck-in-the-midddeduise it cannot achieve specializing in any céipalt
knowledge, an organization chooses to specialitliedrtapability of managing information system.sThi
involves focus and allows applying cost of cadikibly. At portfolio, an organization opts toesgalize in
the capability of managing real-option portfolichi§ involves unrelated diversification and requires
applying cost of capital accurately. At inaction,@ganization does not utilize either real-opfpantfolio or
information system. This cannot accomplish any bdipya This behavior implies ineffective managerhen
and moderate diversification. We believe both kremlge and portfolio fine, but neither bog nor inati

desirable.

REMARKS
Why we apply mechanism design approach to organiziain design

Mechanism design investigates how to elicit infatioraand how social decisions can respond to
information constraints. It is a special case araxy theory research (Mas-Colell et al, 1995). Agaheory
has relation with information theories, has seviinb to mainstream organization perspectivesranlles
novel contributions to organization design (Eisedh&a989). Hence, mechanism design is valuablesigd
organizations considering information structure eadflicting interests as a subset of larger agehegry.
This relation motivates us to utilize mechanismiglespproach in order to investigate the optimal
organization design such as focus and boundaryno$fIn addition, we follow the recommendation of
Eisenhardt (1989), and Burton and Obel (2004) torére information systems, uncertainties and risks.

To apply the standard approach of mechanism désgarson 1981, Fudenberg & Tirole 1996), we
set the game between HQ and division such thag tireHQ announces the organization/ mechanism
design, it should not change it during the game HIR’s ability to commit to a mechanism arisesanious
situations. Intuitively, the optimal static alloiat remains optimal in a dynamic context with cortmant.

Explanations that are more elaborate also exist.

13



#

First, our model may represent a repeated gameebetthe HQ and its divisions. Then, by the Folk
theorem (Fudenberg & Maskin 1986), we can achieye@asible and individually rational payoffs, ith
HQs and divisions are patient enough. In this cdeeiating from the commitment is not optimal.

Second, if HQ and divisions have identical timefg@mences, non-cooperative bargaining produces
Bayesian equilibrium in which a mechanism exist$ produces the same allocation (Fudenberg & Tirole,
1996).

Third, if HQ commits to outside investors about ¢tlnganization structure that specifies internal-
resource allocation rule, the HQ can change tlheation rule only upon the approval of a board imeget
However, such change is undesirable to all paitip of this game.

Fourth, the notion of mechanism design and the HQfsmitment to it correspond to the
‘constitution writing’ (Bower 1970, Bower & Gilbe&005), which argues that the primary role of top

management team is to define and manage the oag@mm’s structural context.

The comparison with external financing

One can argue why our model is more appropriagxpdain internal capital market than external
capital markets, such as bank lending and equstying. We can address the argument in several ways.

First, as for bank lending, since banks do not ltaveership over the projects financed, they cannot
increase investment in profitable projects fre&lye banks can only relax their credit constraiktste
seriously, if the project performs poorly, the baak only sell assets in the project to recoujmitsstment.
These banks may have to dispose of illiquid assat$) as firm specific capitals, at significantigambunted
prices. Thus, banks have difficulty in exercisifexibility option. In contrast, the HQ can simpldeploy
asset to other divisions.

Second, banks have less incentive to monitor piojean HQs, in order to identify winning and
losing projects. The presence of property righedeines such incentives. Gertner, Scharfstein &eid S
(1994) provide detailed comparison between HQ amk$® based monitoring.

Third, as for stock issuance, minor stockholdersalchave controlling rights over assets. They have
neither right to sell assets in an unprofitablggmbnor the authority to increase investment prcitable

project. Stockholders can trade stock, but sudtirtgpdoes not mean the rearrangement of assetgtsatch
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increases investment in profitable projects andidigtes unprofitable projects. Shareholder activissmot
much helpful either. The decentralized stockholdiersot have much incentive to monitor projects ue
the cost of activism.

Fourth, stocks normally represent the claims oratlerage assets in a firm, rather than those for

specific projects. Indeed, project-specific stoakes infrequently traded.

CONCLUSION

Our research question starts from how a firm mgiaes decision about boundary and focus. In
order to solve the problem, we combine the gamerétie approach in organizational economics and the
strategic intuition of capability literature. Weadl capability targeting is more important than eeadt
targeting to determine the value of a firm. Thisulecorresponds to dynamic capability (Teece.€1207)
and management innovation (Hamel 2006). We alsneixiPorter’s intuition about stuck-in-the-middle in
business strategy to corporate strategy while astgPorter’'s recommendation about targeting sector
(Porter 1985). In addition, we resolve two impottamzzles in firm theory -- the boundary and foofiirm
-- with the framework about real option and intémesource allocation.

Our propositions guide managers to implement cateastrategies and organization design jointly.
First, when considering focus or unrelated divaratfon, firms need to think them in terms of targe
capability rather than target sectors. We recomnsgedialization in either maximizing the value @#lr
option portfolio or designing superior informatisystem. The unrelated diversification or focusdotsrs
follows depending on which capability a firm chogs€he failure to specialize in capability may tegu
costly stuck-in-the-middle status in corporatetstyg.

Second, a multidivisional firm with a large numioédivisions may seek further unrelated
diversification in order to attain independence agits divisions. A related diversification in whithe
projects are highly correlated needs to have alsmalber of divisions. The marginal values of aifs
focus and boundary exhibit negative correlatiorusimanagers should consider the tradeoff betwamrsf
and boundary during decision-making.

Third, the optimal hurdle rate for investment ifsiaction of focus, but not firm boundary. The

optimal hurdle rate is highly skewed and convexcfiam, in which either related or unrelated diviesition
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firms require higher rates than the moderatelymdified ones. Errors in determining optimal hurdite are
particularly costly to the focused firms with redtdiversification. This result suggests additicret of
focused firms since the optimality in hurdle ratBiiences the value of related diversification mutie
managers in related diversification should be paldirly careful about resource allocation. Theistakes
potentially have large ramification. In relatione werive the optimal structure of internal resotattecation
process.

Fourth, a corporate strategy needs to balanceotngervailing forces in option value and
information system to determine focus and boundHnis tradeoff is novel in literature and suggests
solution to the puzzle about when related or utedldiversification arises. The relatedness ambag t
information of managers conceptualizes the exterglatedness in a firm. High relatedness reduoes t
option value of the HQ's flexibility. On the othlkand, it makes the internal resource-allocatioegss
more efficient informationally. The value of a nidivisional firm is subject to such double aspeiits
correlation.

Fifth, the tendency of decreasing marginal valuef#irin boundary results from the real option
approach of ours. This result informs managers tatb@uimit of expanding firm boundary. Given the
decreasing marginal benefit of boundary, if a fixedt exists to obtain investment opportunitiesngéarior
solution is present for the optimal number of diuis. This demonstrates how the theory of reabopti
becomes a theory of firm.

Sixth, multidivisional firms may need to seek, kpectation, either much related or unrelated
diversification at optimum. The value of a multigional firm is a convex function of its focus. The
intermediate focus is the stuck-in-the-middle dituaof corporate strategy.

Many next steps are possible. First, empirical nwdey test the predictions made in this paper.
Second, we can reexamine diversification premiusafint with the theories developed in this paper. W
propose that diversification literature should mdte decision of focus and bounddwointly during
empirical analysis in order to avoid misspecifioatiThird, while we derived the desired organizzio

configuration, we can include the cost of such imétion in order to generalize our results furthe
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APPENDIX 1: OPTIMAL PROCESS OF INTERNAL RESOURCE AL LOCATION

The HQ and its divisions play a typical signalirgrge in which the HQ designs a mechanism and the
divisions send messages about their types. Weddgigardesigned mechanism as the process for ihterna
resource allocation.

Managers want to maximize their respective prdjecigets. Project managers derive private
benefits that increase with the resources undérdhatrol (Stein, 1997). They make signaling (neima)
decisions in line with these objectives. Thereiafiaite ways of signaling. However, we can redtthe
message space to the true space, and imposedtirig-tonditions, for the appropriate equilibrivioncept
of our model is Bayesian Nash equilibrium. An inidegtcompatible direct mechanism can represent any
Bayesian Nash equilibrium of any Bayesian game ¢Réon Principle; Myerson 1981).

Suppose there are N projects (divisions). The tfeproject, which the manager of the project
identifies, is the return on investment. The refuom a project ‘i’ is specified with factor modas$ follows:

=1+t +(1-t)z @

& is the same to all projects, a common factor stesyatic shock to a firm; s an idiosyncratic
shock so that it is different across all projeetand z are distributed independently and idengicakxists
between zero and one in order to specify corredaimong divisions. If t is one, the types of alljpcts are
the same to define perfect focus. If t is zeroygpeoject is independent to indicate perfectlyalated
diversification.

If we normalize the risk-free rate as one withasts| of generalitygt + (1-t)z terms are excess
returns. For simplicity, both systematic and idiswatic shocks are drawn from standard normalibligion.
Thus, first, the unconditional expected return fraroject is the same as the risk-free returnoiBtahe
risk premium of all projects is set to zero.

Let us denote; &s the signal about the typeln addition, aindicates internal resource allocation to
division i. The strategy of division i is plain: &manager reportsabout rin order to maximize;a

The HQ's allocation strategy

Once the HQ receives messages from the divisibaipcates internal resources based upon the
pre-specified capital-budgeting routine. Let usalerM as the total internal resource that the HQ@owhe
optimal capital-budgeting process solves the fdlhgwproblem:

Maximize firm value (2)
with respect to capital-budgeting process,

Subject to:
Incentive compatibility (truth-telling condition):

a(ry, .. e i) > a(ry, .., S,... Iy) foralliand s (2.2)
Limited liability: a(e)> 0 for all i. (2.2)
Resource constraintsa < M. (2.3)

The objective of the HQ is firm-value maximizatidrhe design of resource allocation process is atcaint
optimization problem with three constraints. Thetfis an incentive compatibility condition to enstruth
telling by division managers upon Revelation PpieiMyerson 1981). The divisions aim to maximize
budget. They will signal their types truthfully gnhen lying does not bring more internal resoufide
incentive compatibility requires that the trutHited be Nash equilibrium in which unilateral devoat
(lying) does not bring about higher budgets. Itiportant to remind that we can apply truth-telling
condition without any loss of generality. In reglibf course, managers may lie. However, we carstoam
all such disclosure strategies into truth-tellimgng upon Revelation Principle.

The second condition stipulates that the HQ cabhooibw money from divisions. The HQ has
property rights over all assets that the divisiows. Hence, the total internal resource M is tha sfiall the
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resources that either the HQ or its divisions oWhus, by definition, the divisions do not have aesources
to lend to HQ.

The third condition requires that the HQ cannaiadte more internal resources than what it
possesses. The solution to the above problem detfireeoptimal resource-allocation process. Thevatig
theorem describes the optimal resource-allocationgss.

Theorem: The optimal process to allocate interrslaurces is as follows. (1) The HQ selects N
projects out of NO projects with the same probaptl form a firm (define firm boundary). (2) The
HQ estimates the expected return of a project dmrl on the signal from the other N-1 divisions.
(3) If the estimated expected return of a divisgogreater than a cost-of-capital the division
receives M/N. Else it receives nothing. Fourth, @@ stores the remaining internal resource at a
risk-free rate

We describe the intuitive proof as follows:

PROOF: The HQ should not use the information frodivésion to evaluate that division. If a divisiknows
that its signal can affect its budget, it has indento manipulate the signal. Such an argumenteshthe
same intuition with the VCG mechanism. Given rishtrality, the best way to assess the investment
opportunity of a division is to compute its expdateturn conditional on a signal from the otheridigns.
The HQ will invest in a division as far as the ewtie is greater than a pre-specified cost of capBance we
consider only symmetric equilibrium without losgyeherality, the cost of capital should be the sémnaill
projects. It is possible that the estimates opatijects are above the cost-of-capital. Thus, astn can
receive at most M/N in expectation in which M talttternal resource and N is the number of prtgao
which the HQ considers investing. On the other hémel allocation should not be less that M/N beeahe
HQ is risk-neutral. Indeed, the risk-neutral HQ w&ito increase investment as far as the expectadres
higher than cost-of-capital. With a similar intuiti, the HQ should select N out of ptojects in such a way
that all divisions should have equal chance ofc@a. Upon Myerson’s terminology (Myerson 1981),
virtual valuation and incentive compatibility moiveopposite directions in our model. Thus, the HiQuid
compensate every division equally in expectatichisfresult. Hence, the cost-of-capital and thiec&on
probability should be fain

The proof is not complete because it does not §pte cost-of-capital and the firm boundary. This
will be done in a later section. To combine thewdst process of optimal internal resource allogatidth
the sequence of events, we can derive the dettilecture of resource-allocation process as TahlehZh
the following sections explain in detail.

Firm boundary and project managers

We will relate the N selected projects wiithm boundary Once the HQ chooses N projects, it
assigns one project manager per project. The tale atnanagers is to investigate the type of ptejand to
report them to the HQ. Later, the HQ uses the médion to select K projects out of the N projecineest.

Learning and information asymmetry

The HQ and the project managers share common kdgelabout the data generating process of r
The project manager of project i can identjfijout cannot identify; (systematic shock) and@iosyncratic
shock) separately. This means that managers haegtese only on their own projects. The HQ does not
even know
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Signaling

The project manager reporfsabout 1. They are willing to lie to maximize resource al¢ion to
their divisions.

Indexing, project selection and the benefit of focus & many divisions

The HQ performs valuation for projects based omrsp The valuation for project i is indexed with
conditional expectation,

I id(i) = E(il{s1, S ---, $1, S+1.S))- (3

Given the truth-telling condition; squals to;r Lett; be predetermined cost of capital for project i.
The HQ select projects i if id(i) is greater tharBecause all projects are same ex-ante in thipsgishould
be the same.

As the correlation t increases, the conditionaleexgtion id(i) becomes a better estimate ftnat
createghe benefit of focud his benefit is in line with the efficiency of \@mechanism. As the number of
project increases, id(i) also becomes a more arrestimate due to the law of large numbers. This
generateshe benefit of having large number of divisions

I nvestment

If id(i)>1;, then project i receives M/N in which N denotemfboundary and M does total internal
resource. If id(i)<, then project i receives nothing.

If id(i) > 1;, then a= M/N; Else, a= 0. (4)

Therefore, to indicate K = #{i| id(i)&}, the HQ invests K*M/N in projects and stores (N*KI/N in
safe assets. Our simulation normalizes both risk-fate and M as one. This setting is close thange
call-option. Hence, we frame the investment behranidirm in the literature about real option theaf
firms (e.g. Dixit & Pindyck 1994 for comprehensingview).

One can argue that it would be better to allocati€ #d the projects over the hurdle rate. However,
such allocation would induce project managers ttenmeport their signals. If project managers usréeort,
it lowers id(i) and K. With lower K, the managergect to receive more resources (M/K). Therefarees
the allocation should be independent of the sigrla¢sallocation should be M/N.

First cash flow, learning and the trade-off in cost of capital

At the end of the first period, the HQ collecEs;\(M/N) from projects in which jis in {i| id(i)=}. It
also recoups (N-K)M/N from risk-free storage. Thilre first period cash flow is in totalr)(M/N) + (N-
K)M/N. If the first period cash flow is less thaarp, the HQ declares bankruptcy.

The HQ learns the type of projects after it invéstgrojects. If the HQ had lowered the cost-of-
capital, the HQ would have invested more and heamked more project types. For instance, if weuse!
the possibility of project managers stealing céshHQ can learn the types of projects just by nliisg the
output.

Exercising the flexibility option at second period

The HQ now knows which project is the best amomngéht has financed. It invests cash flow from
the first period in the best project of the secpadod if the type of the best project is greatantthe risk-
free rate. If the best one is less than the risk-fate, the HQ stores its internal resource kafree
technology.
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Such practice demonstrates managerial flexibilitye option value of flexibility increases with
focus and firm boundary. If HQ had lowered the aifstapital at the first stage, it could have expdc
higher value of the best type because the valtieeobest type increases with the size of population
addition, if the correlation (t) had been lower #xpected value of the best type could have bigheth
because its value increases with the dispersidimegbopulation. This presents the benefit of uneela
diversification and large firm boundary.

Firm value realization and dividend payout

At the end of the second period, the HQ obtainstw®nd period cash flow -- max{L.g*(first

period cash flow). (o is max{r| id(i)>t;}. In the model without iteration, the HQ pays alltthe cash to
investors, and the situation is over at this point.
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Table 1: Concept Table

Concepts

Nominal definition/ assumptions

Operalination

Benefit of focus

Cost of unrelated diversification; benefi
of related diversification

t The efficiency of VCG mechanism;
mechanism design under correlated signal

Cost of focus

Benefit of unrelated diversificatidime
opportunity cost of related diversificatio

The presence of the flexibility option to
nreallocate resources to superior opportuni

Divisions Unit to conduct a project -- an inditikd | Real options: one real option per division
unit of investment opportunities (real
options)
Divisions Maximization of the benefit of divisions| Behaviors in order to receive as much
objective not the benefit of firm internal resource as possible

Firm boundary

The range of activities of a firm; the
number of divisions

The numbenof divisions in a firm

]

[72)

ies

Firm focus The extent of relatedness of business | The average correlatiaamong projects in a
units, projects or businesses in a firm; | firm: the ratio between common and
diversification; the extent of related idiosyncratic components of projects
diversification

Firm The realized returns to the stakeholders lofjuidation value at the end of business

performance a firm; The object that a firm should activity
maximize

Headquarters | The decision maker and organizational| Design of structural contexts of internal

(HQ) designer of a firm resource market such as how to design

information system, how to allocate intern
resource, and how to compensate division

HQ objective Firm value maximization; Shareholder| Maximization of the returns given
value maximization investment, which we normalize as one

Hurdle rate A capital budgeting rule; The required| The required rate for a binary decision: A
rate of return that a project should satisfyproject receives investment if its expected
in order for a firm to undertake return is greater than hurdle rate. Otherwise,
investment in the project the project is discarded

Project Real option; Indivisible unit of A random variable that transform given

investment opportunities; It transforms
input to valuable outputs under
quantitative or qualitative uncertainties

aimputs to random outputs; The return of
project exhibit normal distribution

This table summarizes the core concepts in thismpae first describe nominal definition in linetwiour
research subject and related literature. Secondiewelop operational definitions in order to depetoodels
to generate novel predictions. We shade partigulambortant two concepts -- firm boundary and focus
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Table 2: Sequence of events

Stages Events

First Period

Resource Investors endow the HQ with the certain amounntdrinal resource

accumulation

Information Nature endows PMs with investment opportunitiesgctvlare drawn from a known
asymmetry probability distribution. While PMs observe the wes, the HQ does not observe them.

HQ just knows the probability distributions. Thirfprmation asymmetry occurs.

Process design

HQ announces structural conteetsulbs and procedures of capital budgeting

Signaling Project managers (PM) assess the typeinfprojects and report them to HQ. PMs
compete for limited internal resources (Burgelm@@1l, Stein 1997)

Initial The HQ invests internal resource to projects baseithe reports of PMs (Internal

investment experimentation and selection process, Burgelm8i)19

Initial cash The HQ observes the outcome of the first periogstiment and learns the types of

flow projects it financed.

Second Period

Reinvestment

The HQ reallocates the cash flow fitoerfirst period investment to make the second
period investment (Internal variation, selectiod agtention mechanism, Burgelman
1991)

Firm value
realization

Everyone observes the second period cash flow,hwkiterminal firm value

HQ denotes headquarters, and PM does project managéehe first period, process design, signalinigial
investment and initial cash flow occur. Reinvesttrard firm value realization happen in the secoeribpgl.
Burgelman (1983, 1991) provides detailed descnipdind mechanism about signaling in the first peaind
reinvestment in second period. Burgelman calls sucbhesses as internal variation, selection arahtiein
mechanism using the terminology of cultural evaodiry theory. We offer the implicit conflict in the
Burgelman mechanism between the potential of variatnd the benefit of retention by relating theithw
focus and diversification respectively. Burgelmafg3, 1991) shows the importance of this strategic

process.
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Table 3: The Optimal Process of Internal Resouilte@cAtion and operationalization

Stages Optimal Process (nominal description) Optpracess (operationalization for modeling)
First period

Resource Investors endow the HQ with the certain amount The amount of internal resource is normalized into
accumulation | of internal resource one without loss of generality.

Information Nature endows PMs with investment PM observes project return, but HQ cannot. The
asymmetry opportunities, drawn from a known probability | return from a project ‘i’ is specified with factor

distribution. While PMs observe the values, the
HQ does not observe them. HQ just knows the
probability distributions. Thus, information
asymmetry occurs.

model as follows:;r=r; + tg; + (1-t)z. &; and z are
independently and identically distributed (stand
normal). Without loss of generality, the riskless
rate fis set to one.

ard

Organization
design about

(1) The HQ designs organization and makes
announcement about the organization structure

HQ maximizes firm value with respect to capital
dmadgeting process subject to incentive

information the rules of internal resource allocation. (2) The| compatibility condition, limited liability conditio

system and HQ determines how many projects it will include and resource constraints.

real option in its boundary. The projects in the boundary have

portfolio positive chance to receive internal resource.

Reporting PMs report the type of projects to the. Hiey The project manager reportsabout 1. They are
are willing to lie in order to receive as much willing to lie to maximize resource allocation to
investment as possible. their divisions.

Indexing The HQ assigns indexes to the projects. Th To define conditional expectation as id(i) =
indexes are the estimates of the type of project.| E(ril{s1, S ..., $1, S+1,S}). id(i) becomes the
The estimate of a project is the unbiased estimatealuation about investment opportunities.
of its mean based on the report from the other
projects.

Flexibility The HQ selects the projects whose indexes are| The initial investment is: If id(i) x;, then a=

option (1) greater than the pre-announced hurdle rate. Them/N; Else, a= 0 in which M and N are total

the HQ allocates the pre-announced amount of
investment to the projects over the hurdle rate
HQ saves the remaining resource in a risk-free
asset.

internal resource and firm boundary respectivel
rh

Second periog

| 15T cash flow

The HQ collects the cash flow from thistfperiod
investment. HQ declares bankruptcy if the first
period cash flow is negative in aggregate.

HQ collects Er;)(M/N) from projects in which j is
in {i] id(i)>t;}. It also recoups (N-K)M/N from
risk-free storage. If the total value is negatii€
declares bankruptcy.

Learning and
flexibility
option (2)

The HQ identifies the type of projects, so that it
knows the best project. The HQ reinvests the ca
flow from the first period in the best project tlitat
has identified.

HQ invests cash flow from the first period in the

dbest project of the second period if the type ef t
best project is greater than the risk-free rate.
Otherwise, it stores its internal resource in risk-
free technology.

2" cash flow

The HQ collects the cash flow from teeand
period investment. This cash flow is the realizeg
firm value.

max{1, mag*(first period cash flow). kaxis
max{r;| id(i)>t;}.

Cash dividend

The HQ pays out the cash flow to investors. In

END of one round of simulation. We conduct

case of repeated game, we return to the first stg

1gEO5 simulation.

HQ is the headquarters, and PM is project manddpes.figure combines the sequence of events with th
optimal internal resource allocation process desidoy the HQ. We derive the optimal process as Agipe
1. Appendix 1 also provides detailed explanatiooualthe computational operationalization in linehadur

derived optimal process of internal resource atiooca

25



Table 4: Computational Results and Correspondingdiitions

Results

Corresponding Propositions

Figure 2

(1) The focus and the number of divisiionag multidivisional firm are substitutes of
each other to determine the value of the firm. Eagjeintly, the firm boundary and
diversification are complementary. (2) A multidigisal firm with many divisions tend
to seek further diversification. (3) The focusad® with related diversification, in
which divisions are highly correlated, tend to haweall number of divisions. The less
focused firms with unrelated diversification ateelly to have more divisions. (4) In
equilibrium, multidivisional firms show either higinrelated or related diversification.

Figure 3

If it is costly to acquire an investmepportunity, our model provides the interior
solution for the optimal number of divisidns

Figure 4

The deviation from optimal hurdle ratetsaslated diversification more than unrelate
diversification.

Figure 5

Multidivisional firms with either high @led or unrelated diversification use higher

hurdle rates to assess investment opportunitiesttitse with moderate diversification|

Figure 6

Firm boundary does not affect optimal huretes but the correlation among projects

does.

We generate predictions from our computationalyaigl For readers, we first summarize our resduils w
appropriate figures and then describe our progwsiti accordance to the figures. We drop Figuredabse
Figure 2 and Figure 3 jointly cover it.

! Intuitively, it is far from being costless to adgunew investment opportunities.
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Figure 1: Firm value, boundary and diversification

Total internal resource (M) is set to one. The Xsabenotes t, the fraction of common factor intijpe of a
division. It essentially represents the informagibrelatedness among divisions (focus). The Y-axis
represents the number of divisions in which thedé@siders investing. The Z-axis displays the exqubct
return such that it is the ratio between expedred ¥alue and the initial internal resource. Itoassgnifies
average Tobin’s g because it is a post-investmamnket-to-book ratio. We normalized all random vbles
to standard normal and performed Monte Carlo sitimrgl 0"5 times to compute firm values. We divided
firm value by initial internal resource to calc@atxpected return.

erpected return

# of divisions

correlation
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Figure 2: Firm value and Focus

X-axis denotes correlation, and Y-axis does exgetturn. Total internal resource (M) is set to.ofiee
correlation essentially represents the informatioglatedness among divisions (focus). The Y-aispldys
the expected return such that it is the ratio betwexpected firm value and the initial internabrese. It
also signifies average Tobin's g because it isst-pvestment market-to-book ratio. We normalizkd a
random variables to standard normal and performedt&Carlo simulation 1075 times to compute firm
values. We divided firm value by initial internasource to calculate expected return.

edpected return

correlation
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Figure 3. Marginally decreasing firm value and tluenber of divisions (boundary)

The X-axis indicates the number of divisions aral Yhaxis displays expected return. Total intereaburce
(M) is set to one. The number of divisions ességtiapresents the boundary of a firm. The Y-axipthys
the expected return such that it is the ratio betwexpected firm value and the initial internabrase. It
also signifies average Tobin's g because it isst-pvestment market-to-book ratio. We normalizkd a
random variables to standard normal and performedt®&Carlo simulation 1075 times to compute firm
values. We divided firm value by initial internasource to calculate expected return.

erpected return

1.6 1 1 1
a 5 10 15 20

# of divisions
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Figure 4. Optimal Hurdle Rate and Corporate stiateg

Total internal resource (M) is set to one. The Ysabenotes correlation among divisions. The X-&xibe
number of divisions. The Z-axis is the optimal cafstapital to maximize firm values. The correlatio
represents the informational relatedness amongiding (focus). The number of divisions stands ifon f
boundary. The optimal cost of capital ensures thgimum value of firm. We conduct 1076 simulation to
obtain the optimal cost of capital. HQ allocategiinal resources to a division only when its expeceturn
is greater than the predetermined cost of cafitals, the cost of capital is hurdle rate.

3.004
2.580

2.004
1.604

1.00

optimal cost of capital

0.504

000+ 5
o4 L # of divisions

correlation
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Figure 5: Optimal Hurdle Rate and Focus

The X-axis denotes correlation, and the Y-axisldigpoptimal cost of capital. Total internal reszifM) is
set to one. The X-axis denotes correlation amowigidns. The Y-axis is the optimal cost of capital
maximize firm values. The correlation represengsitiiormational relatedness among divisions (foctlkg
number of divisions stands for firm boundary. Tipéirnal cost of capital ensures the maximum value of
firm. We conduct 10”6 simulation to obtain the ol cost of capital. HQ allocates internal resositoea
division only when its expected return is greatamntthe predetermined cost of capital. Thus, tisé ao
capital is hurdle rate.
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optimal cost of capital

1.00

0.50

0.00
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Figure 6. Optimal Hurdle Rate and the Number ofiflons

The X-axis indicates the number of divisions arelYhaxis represents optimal cost of capital. Toternal
resource (M) is set to one. The X-axis is the nunabelivisions. The Y-axis is the optimal cost aifpital to
maximize firm values. The correlation represengsitiiormational relatedness among divisions (foctlieg
number of divisions stands for firm boundary. Tipéirnal cost of capital ensures the maximum value of
firm. We conduct 10”6 simulation to obtain the ol cost of capital. HQ allocates internal resositoea
division only when its expected return is greatantthe predetermined cost of capital. Thus, tisé @o
capital is hurdle rate.
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Figure 7: Summary of Propositions
The figure describes the structure of our propmsgti + and — denote positive and negative reldtipns
respectively. Two variable x and y are substitfithéy determine a value function @/0xdy>0.

Valuation + Flexibility option
Focus
accuracy value
7 Y +
U-shape
No effet on substitute _ specialization
hurdle rate A{ decreasing
h"-\_ A 4 Q +
\ Boundar Information + -
y system efficiency Optimized
firm value

Cost per project

Figure 8: Summary of managerial implication

Figure 8 summarizes managerial implications. Marmjpéntly decide whether to maximize option value
and whether to maximize the benefit of informatéystem. The joint decision generates four possible
combinations of organization. We call {high infortiea system, high option value} as bog, {high inlimyw
option} as knowledge, {low info, high option} as imlio, and {low info, low option} as inaction.

TO DO

HIGH OPTION VALUE

LOW OPTION VALUE

HIGH INFO SYSTEM

BOG

stuck in the middle
Moderate diversification
Flexible cost of capital

Focus

KNOWLEDGE

Specialization in information system
Flexible cost of capital

LOW INFO SYSTEM

PORTFOLIO

Unrelated diversification
Specialization in flexibility
Accurate cost of capital

INACTION

Ineffective management
Moderate diversification
Accurate cost of capital
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