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In distributed operations with positive externalities between branches, local underin-
vestment occurs because one branch does not account for the impact of its actions on
other branches. Previous work found that an IT-enabled incentive mechanism called ““own-
ership of customers’”” (OoC) reduced the problem of local underinvestment by accounting
for inter-branch transactions. This report examines the impact of including investment by
a central office on the set of previously developed results for local investment by branches.
It shows that ownership of customers can reduce the problem of both central and local
underinvestment. It also demonstrates how central investment can yield second-best levels
of profitability—optimal profits given contracting problems in local investment with
branches. It highlights how charging branches a unit fee to fund the needed level of central
investment is consistent with that second-best solution.
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tomers; Underinvestment; Branch Operations; Franchising)

1. Introduction

The most important impact of information technology
(IT) is how IT can change organizational form. Histor-
ically, organizational form is thought to result from two
competing tensions: coordination and motivation (Mil-
grom and Roberts 1992). This tension is at the root of
choices between centralization and decentralization,
and more generally between markets and hierarchies
(Gurbaxani and Whang 1991, Malone et al., 1987). Un-
recognized until recently is that IT can improve moti-
vation by enabling incentives that reward investments
when there are positive externalities between organi-
zational units. Although IT has historically been used
for monitoring, one of the main points in our prior work
and in the current report is that IT has an important role
in enabling incentives that should not be overlooked
when designing new organization forms.
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We have shown that in certain franchise environ-
ments, when there are positive externalities such as cus-
tomers that purchase from several different franchises,
IT-based transfers between franchises can improve the
performance of each franchise and the franchisor (Nault
and Dexter 1994, Nault 1997). That research is charac-
terized by local investments by franchises and the cou-
pling of exclusive rights to customers and locations:
franchises have exclusive rights to customers that reside
in their territories and for all purchases that are made
in their territories. The role of IT is to match customers
to franchises, to perfectly monitor cross-franchise trans-
actions, and to make transfers based on that matching
and inter-franchise transactions. We call that IT-enabled
mechanism “ownership of customers”, and employ the
abbreviation OoC from Nault (1997). OoC mitigates
franchise underinvestment that occurs because fran-
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chises ignore the effects of their own investment on
other franchises (Katz 1989). As a result, franchisor prof-
its and franchise investments may be increased over lev-
els that are obtained in traditional franchise arrange-
ments.

An example of our model is Pacific Pride Commercial
Fueling Systems. Details of Pacific Pride’s system are
available elsewhere (HBS Case Services 1988, Nault and
Dexter 1994, 1995, Nault 1997), but the essential aspects
are as follows. Pacific Pride is a network of independent
commercial fueling franchises. The network covers sev-
eral regions of the United States, providing gasoline and
diesel fuel for customers in vehicle fleet and trucking
operations over those regions. Each franchise is as-
signed a territory and has exclusive rights to recruit cus-
tomers residing in that territory to adopt the network—
that is, to purchase gasoline and diesel fuel from fran-
chises in the network. Because vehicle fleet and trucking
operations make energy purchases that span different
regions, Pacific Pride has implemented IT that captures
the purchase transactions anywhere in the network,
matches customers to the owning and serving franchise,
and divides profits from the transaction between the
owning and serving franchise. Each franchise bills cus-
tomers residing in its territory for purchases across the
network. Customers value the network because it al-
lows them greater control over costs (Nault and Dexter
1995).

Although Pacific Pride is a franchise structure, we
have argued that our models apply to organizational
forms that are not strictly franchise structures (Nault
1997). However, they do not apply to all franchise struc-
tures. Our models apply to any organizational form
where there is a single central office and many branches,
the central office provides a margin to the branches,
transfers between branches are possible, ownership of
each individual customer can be uniquely established,
and the owner and server of the customer can be ver-
ifably identified.

The present report extends our results based on the
OoC mechanism to include central investment by the
central office, where central investment affects branch
profits differently than does local investment. We begin
with our assumptions, which are both parsimonious
and representative of many environments that are en-
countered in practice. We then show how a straightfor-
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ward formulation of central investment, similar to a unit
investment fee, yields “second-best” levels of central
and local investment—that is, investment levels that are
optimal given the different information and incentives
of the central office and branches. We then directly ex-
tend our prior results to show how even the IT-enabled
form yields underinvestment in central and local in-
vestment relative to first-best investments—that is, in-
vestments that would result in a fully informed and
integrated firm. Finally, we show how the application
of the OoC through IT can make the firm more profit-
able with centralized investment.

2. Essentials of the Setting

Our model has one central office and many branches.
Areas covered by branches are territories and a single
branch controls the local decisions in each territory.
Each branch may have multiple outlets in its territory,
but local decision-making authority resides at the
branch. Each branch has exclusive rights to recruit cus-
tomers that reside in its territory to do business with the
organization, meaning that no other branch may recruit
customers from another branch'’s territory. Not all ter-
ritories have the same demand potential. Branches dif-
fer in some dimension that we relate to demand poten-
tial in Assumption 1 below. We refer to that dimension
as “‘size”” and and represent it with the variable xe[x, 7.
x could represent, for example, the population of the
local market. A Pacific Pride territory, for example, may
contain more than one station, and is usually defined
by zip codes.

We model two types of investment: central and local.
Central investment is represented by the variable a,
where 4 is restricted to the interval [a, 7]. As with local
investment defined below, we assume the interval is
compact and convex to ensure the existence of the in-
vestment equilibria. Central investment is organization-
wide investment, for example, improvements in infra-
structure or national advertising. Local investment
made by branch z, e,, ranges over the interval [e,, 7;].
The vector of local investment over all of the branches
is e = (e, e\;), where e, is the vector of local investments
made by branches other than x. Local investment is
branch-specific, for example, effort in new customer re-
cruitment.
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The separation of investments into central and local
is common. Marketing investment, for example, is often
separated into two types—promotion and direct selling.
Promotion such as advertising through different media
and couponing are usually decided nationally. Direct
selling activities such as customer visits and sales calls
are often specified locally. Using our example, Pacific
Pride’s central office makes media promotion decisions,
such as advertising in trade magazines. Local franchise
operators decide which prospective and existing cus-
tomers to visit, how often, and when.

We use the term own customers to refer to those cus-
tomers based in the branch’s territory and foreign cus-
tomers to refer to customers based outside of the terri-
tory. Each branch faces three mutually exclusive de-
mands.

e dp(x, y, a, ¢) = domestic demand: demand from
own customers at own branch,

e di(x, y, a, e) = exported demand: demand from
own customers at foreign branch,

e di(x, y, a, ) = imported demand: demand from
foreign customers at own branch.

The aggregate of the branches that participate in the
incentive mechanism we call the system, and the vari-
able y represents system size and will be formally de-
fined later. We assume the demands are twice contin-
uously differentiable where needed. We require four ba-
sic sets of assumptions for the mechanics of our model.
Three are restrictions on demands, and the fourth ac-
counts for incomplete contracts.

ASSUMPTION 1 (Sizg). Demands from own customers
are increasing in branch size, and demands from foreign cus-
tomers are unaffected by branch size; all demands are increas-
ing in system size:

BdD(x, y, u, e) ad[;‘(xr yr al e)
, >0
ox ox

ddfx,y,a ) o 90 Y.88 o ;ep .

Ox Oy

The reasoning to support the conditions in Assump-
tion 1 that pertain to x follow logically from our inter-
pretation of the variable x as branch size, so that larger
branches have greater domestic and exported demands.
The size of a branch does not affect its imported de-
mand. The condition in Assumption 1 that all the de-
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mands increase in system size follows from interpreting
the number of branches as a positive externality
whereby a system with a greater number of branches is
more attractive to the customer. A Pacific Pride fran-
chise with a larger customer base has larger domestic
and exported demands from those customers, and the
size of its customer base does not affect the magnitude
of imported demand. A larger network provides more
locations outside the territory for the fueling customer
to use, making the network more attractive.

ASSUMPTION 2 (INVESTMENT). (a) All demands are in-
creasing and concave in central investment:

od,(x,y,a,e) >0, 8d(x,y,a,e) <0
O oa?

(b) Domestic and exported demands are increasing and
concave in own local investment, and are unaffected by other
branches’ own local investment, and imported demand is un-
affected by own local investment and is increasing in other
branches’ own local investment:

od(x,y,a,e) 0%d(x,y,a,e)
e, >0, dex <0

’

od(x,y,a,e) _

, j€{D,E},
86\,, 0 ] { }

odi(x,y,a, e) od(x,y,a, e)
LT g, — >
aex ae\x

(c) Central and local investment are complementary at the
margin: 0°di(x, y, a, e)/ dade, > 0.

0.

Parts (a) and (b) of Assumption 2 reflect standard
conditions of increasing returns with diminishing mar-
ginal returns to both central and local investment, with
the returns to local investment restricted to own cus-
tomers. That latter characterization follows from the fact
that local investment applies to customers residing lo-
cally only. Assumption 2(c) indicates that the two types
of investment are mutually reinforcing rather than sub-
stitutes.

The equalities in Assumption 2(b) can best be under-
stood when local investment is interpreted as direct sell-
ing. Visits or telephone calls are made directly to cus-
tomers residing in a branch’s territory, and are targeted
to having that customer adopt the network and re-
corded as being “owned” by the branch. A franchisee

INFORMATION SYSTEMS RESEARCH
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on Pacific Pride’s network, for example, makes personal
visits to trucking firms in its territory with the purpose
of having those firms sign up with that franchise as part
of the network.

ASSUMPTION 3 (MODELING). (a) Marginal returns from
local investment are increasing in branch size: Bzd](x, v, a,
e)/0e0x > 0.

(b) For the smallest branch on the system, imported de-
mand is greater than exported demand.

Assumption 3 is needed for several of our results, and
we believe that neither condition is unreasonable. As-
sumption 3 (a) follows from the logic that the next dol-
lar of investment yields higher returns in a larger mar-
ket. Assumption 3 (b) is satisfied by any reasonable dis-
tribution of foreign demand as the smallest branch
receives imported demand from all of the remaining
branches, each of which has more own customers.

ASSUMPTION 4 (CONTRACTIBILITY). Local investment is
not contractible.

The final assumption allocates local investment de-
cisions to the branches rather than to the central office.
We argue that incomplete contracts, whereby all the
necessary terms and conditions cannot be specified in a
contract by the central office, is the reason why deci-
sions are often decentralized. There are a variety of rea-
sons why contracts can often not be complete, including
bounded rationality and asymmetric information.
When local investment is direct selling, specific knowl-
edge of customers is private information of the branch.
As long as that information is changing, the central of-
fice cannot construct a contract that reveals and man-
dates the optimum use of that private information. In a
sense, the central office cannot determine with sufficient
precision what it is that it does not know. At Pacific
Pride, for example, a franchisee knows which customers
to visit, how often, and when, because of constant con-
tact with local firms. Pacific Pride’s central office may
know the relationship between local investment and de-
mand but cannot determine how to carry out local in-
vestment as effectively as the franchisee.

In some cases it may be possible for the central office
to determine how a branch should optimally invest a
portion of its local investment and verify that that por-
tion of local investment was made in the optimal way.

INFORMATION SYSTEMS RESEARCH
Vol. 8, No. 2, June 1997

If the latter is true, then local investment is partially
contractible, and should be partially contracted. Then
the contractible portion of local investment should be
mandated through a contract, penalizing the branch if
those investments were not made as contracted. The re-
maining noncontractible portion of local investment
would follow as in our analysis. In practice, penalties
take the form of fixed payments or discrete actions like
personnel replacements or shutting down the branch.
Pacific Pride, for example, mandates safety and display
standards at each franchise’s stations, with the option
of terminating the franchise’s relationship with the net-
work if it does not comply.

3. Model

Ownership of customers (OoC) consists of the follow-
ing mechanism. When the customer makes a purchase,
the purchase is recorded along with the customer’s
identity. The customer is matched with the branch that
owns the customer. If the customer made the purchase
at its owning branch (domestic demand), then that
branch receives a unit margin on the purchase. If the
customer made the purchase at another branch (foreign
demand), then the owning branch receives a unit mar-
gin on the purchase and transfers part of that margin to
the serving branch. In that way, both the owning and
serving branches are rewarded for foreign purchases.
The role of IT is critical in being able to employ that
mechanism. An application of IT is necessary to deter-
mine which branch owns the customer being served so
that on foreign demand the owning branch can be re-
warded for its local investment through the transfer.

We model the problem of central and local invest-
ment in two steps. In chronological order, the central
office sets central investment, the margin, and the trans-
fer. Then, branches react to the setting of those three
variables in their local investments. In setting central
investment, the margin, and the transfer, the central of-
fice accounts for branches’ local investment. We solve
the branch'’s investment problem first, and then incor-
porate the resulting local investments in the central of-
fice’s problem.

3.1. Branch Profits
Each branch makes a single decision: its local invest-
ment. The branch’s profit function is

199
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n(x,y,a,e) =mdp(x,y,a,e)+[m—tlde(x, y, a, e)
+ tdi(x,y,a, e) —e..

m is the margin, which is the price less a royalty, p — 7,
and is collected on domestic demand. The owning
branch receives m — ¢ on exported demands." ¢ is the
transfer paid on exported demand and received on im-
ported demand.”

We consider transfers that are less than the margin, ¢
< m. Branches maximize profits by choosing their own
local investment, e,. Their first-order condition is

on(x,y,a,€) _ . 0dp(x,y,4,€)
de, - Oe,

adE(xl yr a, e) _

de. 1=0. (1)

+[m—1t]
The second-order condition is satisfied from Assump-
tion 2(b). The set of first-order conditions (1), one for
each branch, defines the equilibrium local investment
across branches as a function of the margin, the transfer,
and central investment, e,(m, t, 4). Using the implicit
function rule and employing Assumptions 2(b) and (c)
along with Assumption 3(a), it is straightforward to
show that local investments are increasing in branch
size, the margin, and central investment, and are de-
creasing in the transfer.

We define the smallest branch that participates in the
system as a function of the margin, the transfer, central
investment, and the vector of equilibrium local invest-
ments, in the following manner:

#(m, t,a,e(m,t,a)) = min{x|m(x,y,a,e(m,t,a)) =0}

Using that condition, the implicit function rule can
again be used together with Assumptions 1, 2, and
3 to show that the smallest branch that participates
in the system is smaller if any of the margin, the
transfer, central investment, and other branches’ local
investment are higher. To save on space, we refer to

' Although we treat price as exogenous, the qualitative results are
identical if price is an increasing function of network size. Those re-
sults also extend to investment costs that are an increasing and convex
function of local investment.

21n our Pacific Pride example, the royalty is taken on the foreign de-
mand only. Although all of our results apply directly to the Pacific
Pride example, the above formulation is more general.

200

#(m, t, a, e(m, t, a)) as &(-). Because each branch is al-
ready choosing its own local investment optimally,
there is no impact from a change in own investment.

We are now able to define the system size, y, as a
function of that smallest branch: y(£(-)) = [ :( , f(x) dx.
It is straightforward to show that system size is increas-
ing in the margin and in central investment. The effect
of the transfer on system size is inconclusive because
the positive effect on the indifferent branch’s size is off-
set by the negative effect of local investment.

We define the total system volume as the aggregate
of domestic and exported demand:

q(%(-), a, e(m, t, a))

= f )[dD(x, y(x(-)), a, e(m, t, a))

(

+ de(x, y(£(-)), a, e(m, t, a)1f(x)dx.

To conserve space, we represent 4((-), 4, e(m, t, a)) by
4(-). With that definition, it is simple to show that sys-
tem volume is increasing in the margin and in central
investment. The impact of the transfer on system vol-
ume cannot be determined for the same reason that its
impact on system size is inconclusive: the positive effect
on the system’s smallest branch is offset by a reduced
incentive for local investment.

3.2. The Central Office: System Profits
At the system level the central office sets the margin,
transfer, and central investment. The central office max-
imizes the system’s profit function,

max y(m, t, a) = max[[p — m] q(-) — al.

m,ta m,ta
The first-order conditions necessary for an interior so-
lution are

dqg(- dg(-
o+ p-mAD o, om0,
and i‘Z%—1=0. V)]

The optimization yields central and local investments
that are “‘second-best”’, in the sense that having non-
contractible local investment and having restricted the
margin and transfer to being non-discriminatory (lin-

INFORMATION SYSTEMS RESEARCH
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ear), profits could not be increased by a different im-
plementation of central investment.

Straightforward manipulation of the objective func-
tion gives y(m, t, a) = [p — m — w] q(-) where w = a/
gq(-) is defined as a unit fee for central investment. That
provides the central office with two distinct ways to
present the funding of central investment. In the first
way the central office declares that it will provide the
lump-sum central investment out of its profits. In the
second way the central office charges a unit fee for cen-
tral investment to the branches, with the ability to com-
mit to this use of the proceeds of the fee. The latter ap-
proach is commonly seen in franchise contracts
whereby the franchise provides the franchisor with a
royalty and a unit advertising fee that the franchisor
commits to using for national advertising. What is im-
portant to recognize is that those two treatments of cen-
tral investment are isomorphic. Thus, rather than being
restrictive, a unit fee for central investment set in this
way is “second-best”’. Pacific Pride, for example, builds
a unit advertising fee into its royalty and commits to
using the funds generated by that fee for system-wide
advertising.

3.3. Comparison to First-Best

In the first-best solution, the solution that would be ob-
tained in a fully integrated and informed firm, the cen-
tral office chooses the levels of 2 and e directly and si-
multaneously. In that case, the central office expands
the organization so all of the units are included. There
is no loss of generality as some of the local investments
could be set to zero. With universal adoption, y = 1 so
that the demand elements are d,(x, 1, 4, e), giving g(x,
4, ¢). In addition, there is no margin, transfer or central
investment fee. The profit function to be maximized is

¢(a/ e) = pq(xl a/ e) —a — e.

The necessary first-order conditions are

pdq(x,a,e)_l 0 and pdq(x,u,e)_

da de, 1=0, )

where for the second equation in (3) there is a first-order
condition for each e,. We can compare local investment
using the second equation in (3) and (1). From As-
sumption 1 and the definijtion of total system volume,
at each branch the first-order condition (3) is satisfied

INFORMATION SYSTEMS RESEARCH
Vol. 8, No. 2, June 1997

at a higher level of local investment, given the same
central investment, than (1). Again using Assumption
1, comparing the first term in (3) with the last term in
(2), the first-order condition is satisfied at a higher level
of central investment, given the same local investments.
From the investment complementarities in Assumption
2(c), all levels of investment are higher under first-best.
Therefore, the underinvestment problem extends to
central investment.

3.4. Comparison to the Traditional Mechanism
Given the same number of branches, our model always
yields higher profits than the traditional approach with-
out IT-enabled transfers between branches. Profits in a
traditional organization are

7(x,y,a,e) =mldp(x,y,a,e) +dix,y,a, el —e,.

Branch local investments result from the first-order con-
ditions

or(x,y,a,e) _ 0dp(x,y.a,e)
Oe, De,

1=0, @

one for each branch. The concavity condition is satisfied
by Assumption 2(b). Comparing the first-order condi-
tion (4) to (1), if the margins are equal in both cases,
then the traditional model yields lower levels of local
investment, lower central investment because of invest-
ment complementarities, and, thus, lower levels of prof-
itability because of the underinvestment problem. Al-
though we cannot show that investment increases be-
cause the margins are not necessarily the same in the
two cases, the central office with the IT-enabled mech-
anism could always set the margin equal to that which
maximizes profits in the traditional case and be more
profitable. Therefore, the IT-enabled mechanism is al-
ways more profitable, whether or not there is central
investment.

In our two mechanisms (OoC and traditional) there
are conditions under which it is optimal to have no cen-
tral investment. Those correspond to corner solutions of
the optimization problems faced by the central office. It
is not possible to determine that in general one mecha-
nism is more likely to maximize profits with zero central
investment than another. That occurs for the same rea-
son that it is not possible to rank the magnitude of in-
vestments obtained from each mechanism. A specific
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parameterization of the problem is needed to determine
interpretable conditions for that ranking. As is often the
case with economic analyses, idiosyncratic characteris-
tics of the problem determine whether it is better to take
additional profits on price (i.e., the royalty), on in-
creased volume (i.e., system volume), or on both.

3.5. Summary of Results
The following bullets summarize the novel results con-
tained in this report:

e The IT-enabled OoC mechanism can increase central
and local investment through the use of incentives. OoC
reduces the dual problems of central and local underin-
vestment that occur when there are positive externalities,
problems that are compounded when there are comple-
mentarities between the two types of investment.

¢ For investment from the central office, a lump-sum
investment from system profits is the same as invest-
ment generated from a unit fee added to the royalty.
The central office can credibly commit to the use of that
administratively simple unit fee for central investment,
and the fee can be integrated into the OoC mechanism.
This explains why unit fees are seen so often in practice.

» Compared to the traditional approach, OoC makes
organizations with the same number of branches more
profitable, extending our previous results by adding
central investment to the formulation. OoC can increase
both central and local investment, although that may
not be necessary for the organization to increase profit.

4. Conclusions

One of the fundamental problems in situations where
there are positive externalities between contributors is
that these contributors underinvest relative to first-best
because they do not receive the full rewards from their
investment. In this report, we extended our previously
developed incentive mechanism, OoC, to include cen-
tral investment by a central office. We showed that OoC
reduces the problem of central, as well as local, under-
investment. Our underlying theme is that IT enables in-
centives that were not feasible before—incentives that
take advantage of transfers between contributors when
there are positive externalities. Our models demonstrate
that new incentive mechanisms enabled by IT have im-

portant implications for generating additional profits
within and between organizational units. We believe
they open up new areas of organizational design based
on different forms of alliances and networks. They are
representative of a new era where IT is used to separate
and reward individual contributions to group benefits,
mitigating individual underinvestment and raising the
levels of individual and group performance.

We used the commercial fueling industry as a real-
world example from which our model was abstracted,
and of where our model is applied. The abstraction from,
and application to, the same example validates the mod-
elling process. Little was lost in abstracting from reality to
the model—a goal that is desired but not always achieved.
Other industries with similar structure as commercial fu-
eling include certain car dealerships such as Saturn for
repairs when breakdowns occur away from home, con-
sulting with professional service firms to multinationals,
and distributors of bulk fuel’

% Helpful comments have been provided by the participants in the
workshop “Information Technology and the Changing Boundaries of
the Firm’* at Wharton’s SEI Center for Advanced Studies in Manage-
ment and by the participants in the MIS Seminar series at the Center
for Research on Information Technology and Organizations (CRITO)
at the University of California, Irvine.
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