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Abstract

Why do some firms organize their IT departments as profit centers whereas other firms organize IT as a cost center? These
commonly employed organizational structures are characterized by information asymmetry and decision rights afforded
to the IT department. The complexity of IT and its ongoing rapid evolution lead to information asymmetry where the IT
department has private information about technology and cost, and the consuming departments have private information
about demand. Under the cost center organizational structure, the firm sets the quality and number of IT services offered by
the IT department. Whereas under a profit center structure, the IT department makes decisions on quality, price and variety
of IT services. We find that the quality of IT services under the cost center decreases with greater uncertainty in demand for
IT services. We also find that the cost center structure can offer higher quality IT services than the profit center structure,
and consumption of IT services can be higher under the profit center structure. The preferred organizational structure does
not always provide greater variety of IT services than the alternate structure. The cost center is preferred when the marginal

cost of IT services is sufficiently low, or the fixed cost of quality is sufficiently high.

Keywords Information technology - IT - IT governance - Cost center - Profit center - Chargeback

1 Introduction

We study the most common organizational structures for the
IT department, the profit center and cost center organiza-
tional structures (Acemoglu et al., 2007; Allen, 1987; Gur-
baxani & Kemerer, 1988, 1989; Wang & Barron, 1995). 52%
of the firms are organized as a profit center while the rest
are cost centers (Techworld, 2004). The ideal organizational
structure depends on various factors and sometimes firms
need to change the IT department’s organizational structure
to obtain the optimal benefits from IT. For example, USAA
(United Services Automobile Association), a large insurance
company primarily serving US military families, had organ-
ized the IT department as a cost center under which their
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IT spending was growing much faster than their revenues.
Revenues grew 9% while IT spending grew 19% in 1999.
That year, the CEO changed the organizational structure to
a profit center. This strategy proved successful for USAA as
costs were reduced and the quality of IT service improved
(Overby, 2004). At USAA the significant organizational
change to a profit center structure led to improvements in
IT department customer service, quality of IT services and
efficiency within the IT department. This example illustrates
the significant impact that organizational structure can have
on the benefit to the firm from IT.

The two governance structures are distinguished by differ-
ences in three characteristics: (i) the location of decision rights
regarding quality, price and variety of IT services where under
the cost center, the firm represented by the CEO makes the
decision on quality and variety and offers IT service as a free
corporate service. Under the profit center, the IT department
represented by the CIO makes the decision on price, quality
and variety; (ii) the criteria on which the decisions are made.
Under the cost center structure decisions are made based on max-
imizing the benefits to the firm from IT services, whereas under
the profit center structure the decisions are made on maximizing
internal profits generated from IT services; (iii) the information
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state of the decision maker; and (iv) whether IT services are
offered as a free corporate resource as in the cost center struc-
ture, or whether pricing of IT services is a decision variable
as in the profit center structure.

The importance of IT governance and its relationship to
business architecture, business operations such as outsourc-
ing, and individual behavior has been highlighted by prior
literature (Tonelli et al., 2017; Versteeg and Bouwman, Ali
and Green, 2012; Wiedenhoft et al., 2020). Wu et al. (2015)
state that in extant literature there exists a lack of clarity in
our understanding of the mechanisms that affect IT gov-
ernance which in turn affects organizational performance.
Vejseli and Rossmann (2017) espouse similar concerns
on the lack of understanding of IT governance and perfor-
mance. Furthermore, recent literature provides additional
evidence of the importance and relevance of understanding
organizational structure as a mechanism for IT governance
and its association with benefit or value to the organiza-
tion (Aasi, 2018; Dawson et al., 2016; Larsson, Rusu and
Aasi, 2015). Our research focuses on these stated concerns
by modeling IT organizational structure as a governance
mechanism that affects organizational benefits and therefore,
organizational value.

Prior research has studied the profit center and cost center
structures in the context of pricing. In contrast, this paper
studies these two governance structures in the context of
quality and variety of IT services. Quality of IT services has
been discussed but has not been formally modeled in prior
literature, except in the specific outsourcing case where IT
services are provided through cloud computing (Choudhary
& Vithayathil, 2013). The notion of variety of IT services,
which is characterized by the number of distinct IT services
offered by the IT department, has not been considered in
prior research. This paper addresses this gap and analyzes
quality and variety of IT services in addition to pricing.
Furthermore, our analysis is applicable to each individual
IT service such that each IT services can independently be
governed by its preferred governance structure.

Our research objective is to understand the IT govern-
ance structure that is most beneficial to the firm and the
conditions that determine the choice of organizational struc-
ture, and the effect of this structure on quality, consump-
tion and variety of IT services. These questions are relevant
because rapid technological change denoted today as Social,
Mobile, Analytics and Cloud (SMAC) and the Internet-of-
Things (IoT) are affecting organizational structure (Porter &
Heppelmann, 2015), and a suboptimal organizational struc-
ture could have significant impact on benefits because IT
spending is the largest portion of non-residential spending
amounting to almost 30% in the US (Colecchia & Schreyer,
2002). Practitioners and scholars highlight the importance
of quality, consumption and variety of IT services. Prior
research (Delone & McLean, 2003) has shown that quality
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and variety of IT services affects net benefits to the firm. We
show that organizational structure affects these important
attributes of quality and variety of IT services.

Information asymmetry plays an important role in the
choice of organizational structure as noted prior literature
(Gurbaxani & Kemerer, 1989; Wang & Barron, 1995). For
example, the IT department has significant information
asymmetry with other business functions and departments
whereas other departments such as Human resources (HR)
and Accounting departments that are corporate functions
do not have such information asymmetry. The reason is that
IT requires specialized technical knowledge in software,
networking, mobile communications, social media, analyt-
ics, cloud computing and cyber security (Florentine, 2017)
among others. Such technically specialized information
is the domain of CIOs and IT specialists, and because of
this specialized technical nature, business managers typi-
cally have little understanding or expertise in IT. Even if
the non-IT manager desired to gain IT understanding and
expertise, this is difficult due to the rapidly changing nature
of IT. Whereas, functions such as Accounting and HR are
stable with minimal changes in technical knowledge.

Information asymmetry with regard to IT costs has been
discussed earlier (Wang & Barron, 1995). They note that
the firm is poorly informed about the cost of IT but the IT
department is fully informed of such costs. Similarly, Gur-
baxani and Kemerer (1989) point out that the first best solu-
tion where the firm is fully informed and makes all IT related
decisions is not feasible because of information asymmetry.
Other literature highlights agency problems and information
sharing issues associated with IT governance (Cumbie &
Sankar, 2012; Cumming et al., 2017).

We develop an analytical model to study the organiza-
tional structure that maximizes IT benefits to the firm and
to understand the factors that affect this choice of structure.
While there is significant prior literature in this area, there
are only two analytical papers that have examined IT organi-
zational structure. We show several novel results relating
to IT organizational structure, quality of IT services and
variety of IT services.

Consistent with prior literature (Acemoglu et al., 2007,
Allen, 1987; Gurbaxani & Kemerer, 1988, 1989; Wang &
Barron, 1995), we conceptualize the cost center organiza-
tional structure as one where non-IT executives such as CEO
or CFO retain decision rights for price and quality of IT ser-
vices. These non-IT executives do not have complete infor-
mation about the cost and value of services, but can estimate
them. In contrast, we define the profit center organizational
structure as one where these decision rights reside with IT
executives such as the CIO who is informed about cost and
value of IT services.

We also analyze the impact of organizational structure
on variety of IT services offered under each organizational
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structure. Variety of IT services refers to the number of dis-
tinct IT services that are available. While most firms may
have a core set of IT services that support basic functions
such as accounting and finance, other firms may offer greater
variety of IT services by offering support for social media,
hand-held mobile devices and the ability to generate real-
time business analytics information.

2 Literature

Relevant literature can be grouped into four streams. The
first stream of prior literature is qualitative in nature. Several
qualitative papers in prior literature have provided arguments
in favor of the cost center or the profit center or discussed
the advantages and disadvantages of each organizational
structure for the IT department (Allen, 1987; Gurbaxani
& Kemerer, 1988; Gurbaxani & Kemerer, 1989; Jensen &
Meckling, 1998; Ross et al., 1999). Within this stream of
literature, Gurbaxani and Kemerer (1988, 1989) use econom-
ics-based arguments to discuss the consequences of organ-
izing the IT department as a cost center or as a profit center.
As noted in the Introduction section, they point out that the
first best solution where the firm is fully informed and makes
all IT-related decisions is not feasible because of informa-
tion asymmetry. They argue that the end user is knowledge-
able about the value of IT services consumed while the IT
department is knowledgeable about the cost of such services.
Further, they claim that top management is neither fully
informed about the demand for IT services nor about the
cost of these services. Gurbaxani and Kemerer (1988) argue
that the profit center encourages efficiency but creates a local
monopolist that may not always keep the firm’s benefit as a
priority whereas a cost center structure encourages excessive
consumption while maximizing firm benefits. They also note
that the profit center structure will charge high prices for
IT services, which will constrain consumption. Prior litera-
ture (Jensen & Meckling, 1998) also discusses the impact
of organizational structure on any generalized supplier of
internal services within a firm. The argument made is that
when internal services are free, there is no incentive for the
functional unit using such services to regulate their consump-
tion levels for the overall benefit of firm. Others (Allen, 1987)
argue in favor of a profit center approach to ensure prudent
consumption of IT services. Additionally, the importance
of organizational structure and its role as a mechanism for
resolving information asymmetry is widely discussed in prior
literature (Eccles and White, 1988; Stinchcombe, 1990; Hann
& Weber, 1996; Jensen & Meckling, 1998; Weill and Ross,
2004). More recent IT governance literature emphasizes the
application of agency theory to IT governance and describes
the role of information asymmetry in IT governance (Dawson

et al., 2016; Luo et al., 2016; Sharma & Gupta, 2019; Sta-
blein, 2018).

The second stream of literature employs analytical models
to understand the cost center and the profit center for the IT
department (Choudhary & Vithayathil, 2013; Wang & Bar-
ron, 1995). Wang and Barron (1995) developed an analyti-
cal model that compares the value to the firm from the IT
department organized as a profit center or as a cost center.
They develop a queuing model where users submit comput-
ing jobs to the IT department and users incur a delay cost
based on the waiting time. Such models are best suited for
situations where computing infrastructure is expensive such
as with mainframe computing. Wang and Barron (1995) also
incorporate information asymmetry in their model where the
IT manager has private information on IT costs and maxi-
mizes her private benefits by over-representing IT costs to
the firm. They find that the profit center is never optimal
because the information rent under the profit center is never
less than the loss of value from information asymmetry under
the cost center. This result is surprising given the observable
prevalence of both organizational structures in practice. Our
paper is different from Wang and Barron in several aspects.
Our model includes quality of IT services (Magal, 2015) and
variety of IT services, which are not analyzed in Wang and
Barron. Additionally, our model assumes information asym-
metry with regard to demand for IT services, whereas they
assume the firm and the IT manager are perfectly informed
about demand for IT services. Our results show that either
organizational structure can be beneficial to the firm depend-
ing on the conditions, whereas Wang and Barron find that
the cost center is always the preferred organizational struc-
ture for the IT department. The second paper by Choudhary
and Vithayathil (2013) which employs an analytical model
is solely focused on a special case of outsourcing with cloud
computing. They find that the intensity of competition faced
by the cloud vendor affects the choice of organizational
structure.

The third stream of literature that analyzes organiza-
tional structure for the IT department is empirical (Acemo-
glu et al., 2007; Bergeron, 1986; Ross et al., 1999). This
literature includes discussions with several firms to study
the effect of pricing internal IT services (Ross et al., 1999)
and concludes that such pricing reduces consumption. They
support earlier conclusions arrived at by using survey data
(Bergeron, 1986). Others (Acemoglu et al., 2007) provide an
empirical study of the effect of organizing the IT department
as a cost center or a profit center on the diffusion of new
technologies. Earlier literature provide frameworks for such
organizational structure analysis (Yadav, 1985).

A fourth stream of literature analyzes pricing of IT ser-
vices in the context of delay costs (Dewan, 1996; Dewan
& Mendelson, 1990; Joe-Wong & Sen, 2018; Mendelson,
1985; Pick & Whinston, 1989). However, this stream does
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Table 1 Conceptual summary of governance structure and prior literature

Location of decision rights
maker

Information state of decision

Decision criteria Decision variables

Cost center  Firm (represented by CEO)

Profit center IT department (represented by

CIO) demand
Qualitative literature Allen (1987)
Eccles and White (1988)

Cost and demand uncertainty

Fully informed about cost and

Maximize firm benefit from IT
services

Quality and variety.
Price nominally set
to zero

Maximize IT department profit  Price, quality and variety

Gurbaxani and Kemerer (1988, 1989)

Stinchcombe (1990)

Hann and Weber (1996)

Jensen and Meckling (1998)

Ross et al. (1999)

Weill and Ross (2004)

Peterson (2004)
Modeling literature

Wang and Barron (1995)

Choudhary and Vithayathil (2013)

Empirical literature Bergeron (1986)

Ross et al. (1999)

Acemoglu et al. (2007)

not address the choice of organizational structure for the
IT department and the consequences that result from the
choice of structure. In this stream, scholars (Mendelson,
1985) have found that the addition of user delay cost in a
queuing model leads to the optimality of excess capacity,
and others have extended this work (Dewan, 1996; Dewan
& Mendelson, 1990). We also note that economic mod-
els such as in Tirole (1988) do not consider information
asymmetry.

We build on this literature by incorporating new fac-
tors such as quality of IT services (Magal, 2015), variety
of IT services and demand information asymmetry that
have not been modeled previously. Quality of IT services
is important to the firm because intuition suggests that
low quality IT services can lead to significant problems.
Following prior literature (Gurbaxani & Kemerer, 1989;
Wang & Barron, 1995), we assume that the IT department
has private information about the cost of IT services. The
business units that consume IT services are knowledgeable
about the value or benefit they obtain from IT services.
The IT department can learn the demand for its services
through regular interactions with the business units. For
example, when USAA switched to a profit center structure
they misestimated demand for the first year but learned it
for subsequent years (Overby, 2004).

We compare analytical models of the cost and profit
center and find the cost center structure can offer higher
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quality IT services than the profit center structure, which
is surprising because prior literature (Allen, 1987) argues
that the IT department organized as a profit center will offer
higher quality of IT services. Hence, it is possible that firms
may be adopting a structure that does not deliver the great-
est quality of IT services and prior literature (Delone &
McLean, 2003) has shown quality to be an important fac-
tor in generating benefits. We also find that the quality of
IT services set by the firm under the cost center structure
is decreasing in the level of uncertainty about the amount
of IT service usage by the internal IT-consuming business
functions. Such uncertainty arises from information asym-
metry between the management of the firm and the IT
department. Another interesting result is that the preferred
organizational structure does not always provide the greatest
variety of services. The cost center can offer greater variety
of IT services compared to the profit center even when the
profit center is the preferred organizational structure.

Table 1 provides a conceptual summary of governance
structure and prior literature.

3 Model

We develop a stylized model to compare the benefits of
organizing the IT department as a cost center or as a profit
center. A conceptual model is described in this section
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followed by an analytical model that builds on the concep-
tual view. The structure of the IT department impacts the
quality, quantity and variety of IT services, and the effect
on benefits the firm derives from IT services. We focus only
on those services that the firm offers through its internal
IT department, therefore functional units that consume IT
services must obtain these services from the IT department.
The amount and nature of IT services demanded by the func-
tional units depends on a variety of factors such as external
market conditions, the nature of the product, the degree of
competition faced by the firm etc. Our model abstracts these
factors, capturing them in an aggregate demand function.

3.1 Conceptual Model of IT Organizational
Structure

Our model considers three players, namely: (i) the IT
department, which provides IT services; (ii) the functional
unit which consumes IT services (for ease of exposition
and without loss of generality, the consuming functional
units are abstracted into a single monolithic unit) and; (iii)
the firm represented by non-IT executives such as the CEO.

There is ample literature that establishes the role of
organizational structure and decision rights as a seminal
topic in IT governance. Stinchcombe (1990) notes that
organizational structure with the associated decision-making
rights is used by firms to resolve information asymmetries.
In consonance with this view, Banker et al. (2011) shows
that reporting structure is associated with firm performance.
Peterson (2004) finds that IT governance itself is the attri-
bution of decision rights to appropriate stakeholders and in
similar vein, Weill and Ross (2004) demonstrate the role
of decision rights in determining the efficacy of generating
IT benefits to the firm. Earlier, Eccles and White (1988)
note that price and authority are dual decision rights that
determine resource allocation. Extending these concepts,
Jensen and Meckling (1998) delineate general knowledge
and specific knowledge and note that firms deal with such
information asymmetry through decision rights embedded
in organizational structure such as the cost center and profit
center. Hann and Weber (1996) use such concepts and apply
them to information systems and note that top management
is not well informed about information systems compared to
the IT manager and this asymmetry of information is dealt
with by allocating decision rights. We build on this prior
literature to develop our model of the cost center and profit
center that make decisions on price and quality. Hence, the
firm can select one of two IT organizational structures: (a) a
cost center or; (b) a profit center.

Under the cost center organizational structure, (i) The
firm determines the quality of IT services to maximize total
benefit to the firm; (ii) IT services are provided at no charge
to the functional units; (iii) The functional unit determines

the amount of IT services to consume based on its demand
function; (iv) The firm incurs the cost for providing such ser-
vices; and (v) The benefit to the firm from IT is determined
by the surplus generated by the functional unit from the
consumption of IT services net of IT costs. It is important
to note that optimal quality determined by the firm under
the cost center organizational structure is not the same as
the social planner’s choice of quality for several reasons.
First, note that under the cost center model, the firm sets
a price for IT services that is normalized to zero so that IT
services are provided as a free corporate resource. This is
consistent with Gurbaxani and Kemerer (1988, 1999) where
they discuss the benefit from offering IT services as a free
corporate resource. Hence, price is not a decision variable
under the cost center model. Second, under the cost center
model, there is information asymmetry with respect to IT
cost and demand for IT services so that the firm/CEO is not
perfectly informed of the cost of IT quality, and the value of
IT quality to the functional unit. The decision rights under
the cost center model rest with the CEO or a non-IT manager
such as the CFO.

Under the profit center organizational structure, (i) the IT
department determines the price and quality of its services to
maximize its profit; (ii) The functional unit determines the
amount of IT services to consume based on its demand func-
tion and the price; (iii) The IT department incurs the cost for
providing IT services; and (iv) The benefit to the firm from
IT is the sum of the surplus generated by the functional unit
from consuming IT services and the profits of the IT depart-
ment. Finally, we analyze an extension that compares the
variety (number) of IT services offered under a cost center
structure to that offered under a profit center structure.

As discussed in the Introduction section, our model incor-
porates information asymmetry with respect to cost and
demand for IT services. We now clarify each player’s infor-
mation set. The functional units are informed about the price
and quality of IT services available from the IT department
and can compute their surplus from using such IT services
and are therefore informed about the demand function but
not the cost of delivering the IT services. The IT depart-
ment is informed about the cost of delivering IT services and
learns the demand function in the course of providing such
IT services. The firm has imperfect information about both
the cost of IT services as well as demand for IT services.

A brief discussion of the marginal costs of IT services
is warranted to clarify the distinction between information
goods and IT services. While packaged software and digital
goods are generally regarded to have zero marginal cost, cor-
porate IT services do not fall in this category. Examples of
IT services are (a) WAN/LAN services which have cost per
megabit; (b) Smart phones which have subscription based
monthly charges; (c) Storage and Backup with cost per GB,
(d) ERP / EDA Software licenses that typically have a fixed
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price component and a variable component based on the
number of users and; (e) technical support which requires
increasing labor costs as a function of the demand. We cap-
ture these characteristics by assuming a marginal cost asso-
ciated with such services. Oi (1962) notes that labor has a
variable component and Allen (1987) provides evidence that
a significant portion of IT cost is marginal cost. Therefore
we treat a portion of IT labor such as the CIO and other man-
agement personnel as fixed costs, while other components
such as technical staff are treated as marginal cost.

Quality of IT services includes the timeliness of the initial
response and the speed of resolution of service requests;
the availability of customized reports; accuracy of reports;
increased software applications functionality and features;
ease of use or intuitive user interface; and other metrics such
as low latency networking, storage, and computing. Increas-
ing the quality along such lines is costly and this cost is
related to the quantity of services consumed. For example,
as more users are added to subscription based services such
as smart phone services, the cost of increasing the quality of
technical support increases because more labor is required
for such quality improvement. Thus, the marginal cost of IT
services has two components, a base level of marginal cost
for providing the base service, and the rate of increase of
marginal cost with increasing quality. Improving the quality
of IT services will also incur a fixed cost. For example, IT
quality metrics such as high levels of redundancy in storage,
computing, or networking will require additional capital for
multiple backup systems or failover systems.

3.2 Linear Demand Model

We develop a stylized model that simplifies many issues to
focus on key economic parameters for reasons of tractabil-
ity and exposition. The model considers three players: (1)
the IT department; (2) the functional unit that is a consumer
of IT services and; (3) the firm represented by the CEO.
The first player, the IT department provides x quantity of
services at a quality level g to the functional unit. Such ser-
vices have a cost consisting of (i) a marginal cost (c+gq)
which depends on the base marginal cost ¢ and the quality
level g for each unit of service, (ii) a convex fixed cost of
quality denoted by g(g) and; (iii) a general IT fixed cost F.
The second player, the functional unit consumes IT services
to maximize the value of its business. The functional unit
may face external market conditions that affects its demand
for IT services. The functional unit’s demand function for
IT services is D(p, q), whereprepresents the price charged
by the IT department for IT services, and the parameters of
this function reflect external market conditions as well as
the functional unit’s production function. We assume that
D(p, g) is exogenously specified. The firm is interested in
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generating the greatest benefits from the use of IT services
under information asymmetry.

Information asymmetry under the cost center structure
is captured by the introduction of random variables for cost
information asymmetry and demand information asymmetry.
These random variables introduce noise into the cost and
demand functions and we model the firm’s imperfect infor-
mation set using such noisy information. Under the profit
center, the IT department determines price and quality, and
it has perfect information about the cost of information tech-
nology and imperfect information about demand. Whereas
under the cost center, the firm determines price and quality
based on imperfect information about demand and cost. The
total cost of IT services under the two organizational struc-
tures are expressed as follows:

C;r =x(c+q)+g(g) costcenter : cost under information asymmetry

Cip =x(c+q) +g(g) profit center : cost under full information (1

The fixed cost of quality g(g) is observable by the IT
department, whereas the firm and the IT department observe
2(¢). As shown in Eq. 1, C;; is a function g(g). The demand
function under the two organizational structures is expressed
as:

x=D(p,q) demand function under information asymmetry
(@)

Equations 1 and 2 capture the concept that the firm is
imperfectly informed about IT cost from C,; and that the
firm and the IT department is imperfectly informed about
IT demand from D(p, ¢).

The firm’s optimization problem under the cost center organi-
zational structure is to deterxmine quality! to maxi-
mize:Mqax{E[Sf] }, where S, = /(D‘l(x, q))dx — Cyp. The
inverse demand function D~ (x, c;), is the willingness-to-pay

(WTP) for IT services by the consuming functional unit. The IT
department’s optimization problem under the profit center organi-
zational structure is to determine price and quality to maximize
IT proﬁts:l\/p[a‘l]x{SlT }, where Sy = D(p,q) - p — Cpp.

The third player is the firm, which is an aggregation
of the functional unit and the IT department. The firm
chooses the organizational structure that provides
greater benefit to the firm from IT services. The benefit
to the firm from the cost center is Sf, and the benefit to
the fixrm from the profit center is S;7+ Sy, where

Sy = [(D7'(x,q))dx — (D7'(x,9)D(p.q)) is the surplus
0

! Firms may set quality through external benchmarking or by esti-
mating their business needs. See for example Gordon (1994).
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generated by the functional unit from the consumption
of IT services.

3.3 Assumptions

A1. Regularity Conditions Standard mathematical regularity
conditions are assumed. The demand and profit functions are
continuous, and the payoff functions are twice differentiable.
Demand is increasing in quality and decreasing in price:
%;') =D,(p.q) >0, %ﬁ‘) =D, (p,q) < 0. The cost of quality
is increasing with quality:
%@ _ Ps@ _

e = 84,(q) >0, e = 844(q) > 0. Therefore, the cost of
quality function is convex. IT profit and benefit to the firm
are ca(;l}lc(ive functions. The inverse demand function exists
andT = D;l(x, q) > 0.

A2. Consumption Limits For each quality level, there is a
threshold of maximum consumption denoted by D(p=0,q)
when price is zero. Similarly, at a sufficiently high price denoted
by D! (x=0,¢) there will be no consumption of IT services.
The literature in economic modeling commonly employ
linear demand functional forms to derive interesting prop-
erties of complex systems (Alperovich & Weksler, 1996;
Varian, 1992). The linear demand model has been widely
used in prior literature as in Dixit (1979), Banker et al.
(1998), Gal-Or (1985), Gal-Or and Ghose (2005), Vives
(1984), and Singh and Vives (1984). It captures the intui-
tive notion of demand increasing with quality and decreas-
ing with price. Consistent with prior literature we employ a
linear functional form for the internal demand for IT services
to determine equilibrium solutions and develop additional
results. Our linear demand model has the well-used charac-
teristics of increasing demand with quality and decreasing
demand with price. Information asymmetry is captured by
the random variable 7 for demand information asymmetry
and cost information asymmetry. For tractability and ease of
exposition, 7 is characterized by the Uniform distributions
y ~ U(—¢, €). Note that under the profit center structure the
IT department has perfect information about IT cost such that
7 = 0. However, under information asymmetry the firm has
imperfect information about its demand and cost function.
Such imperfection is captured using the random variable 7,
which introduce noise into the firm’s information on demand
and cost and the IT department’s information on demand. The
following demand function is employed in order to analyze
the impact of the organizational structure on (i) quality; (ii)
consumption or quantity; and (iii) variety of IT services.

x=k—ap+B+¥)q 3)

The variables (x, g, p) used in the equation above have been
defined previously in this section. Under the cost center, the

firm does not have full information about the demand param-
eter f but knows the distribution of the random variable that
represents demand, (f + 7). The firm incurs a marginal cost
(c +g(1 +7)), where (c) is the marginal cost independent
of quality and g(1 + 7) is the marginal cost of quality with
embedded noise in the cost information. The firm also incurs
a convex fixed cost of quality denoted by g(g) = ((a +7)- q2)
where the random variable (a + 7) is a scaling parameter for
the fixed cost of quality. Additionally, there is a fixed cost of IT
denoted as (F) that is independent of quality and consumption.
Therefore, the cost of IT services is expressed as:

Cr=xc+q(+P)+@+7)g* +F @

For simplicity and ease of exposition, the minimum
acceptable quality of IT services is normalized to zero. The
intercept of the demand function is denoted by the parameter
k. The inverse demand function D! (x, ¢) specifies the price
p for IT services, where p = (k + (f + 7)g — x)/a provides
the willingness-to-pay (WTP) for such IT services by the
functional unit which is the internal consumer of IT ser-
vices. We integrate WTP to determine the surplus of the
functional unit:

X

sU=/<—k+(ﬂ”)"_x>dx—(p-x> )
0

[04

Under the profit center governance structure, the IT
department is imperfectly informed about demand and has
a noisy estimate of the demand parameter (§ + 7), but under-
stands the true cost and is informed about the cost parameter
(a). Variables and parameters employed in this section are
summarized in Table 2 in Appendix 1.

The two IT organizational models of a cost center and a
profit center are analyzed separately in the following sections
and the results are compared to develop the propositions. The
sections that follow perform a separate analysis of each organ-
ization structure. A theoretical benchmark first-best solution
is considered prior to analyzing the two governance models.

4 First Best Solution

For completeness, we analyze a theoretical first best solution
for the firm where it is perfectly informed about demand and
cost. The first best solution occurs at the quality and price
levels that maximizes firm benefit. This occurs when the
firm prices its services at marginal cost and maximizes qual-
ity M(?x{S,T}’

p=(c+q).y=0
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4.1 Lemma 1: First Best Benchmark Solution
under Perfect Information

When perfectly informed about IT cost and demand,

the firm determines the First Best optimal price and
; . #FB _ 2acar(f-a)k—ch)  «FB _ (f=@)(k—ca)
quality to be: p** = raa—Ga = SeaGa)’

2
the benefit to the firm is: $¥8 = &< __ p and
S 2aa—(f—a)”

the quantity of IT services consumed is:

X*FB — 2aa(k—ca)

2aa—(f—a)*”
Lemma 1 reports the First Best level of consumption,
functional unit surplus, and benefit to the firm when
the firm determines the optimal price and quality. The
firm sets price equal to marginal cost, which eliminates
deadweight loss and generates maximal firm benefit. The

proof is in Appendix 1.

5 IT Department Organized as a Cost Center

Under a cost center governance structure, the firm
determines quality of IT services and does not charge
for these IT services. For tractability and convenience,
the price for IT services is nominally set to zero. The
essence of the analysis and results will not change if
the price is non-zero. The key point to note is that
price is not a decision variable arrived at by a cost or
benefit optimization process. The firm is not perfectly
informed about the IT demand function and the IT cost
function and the expected benefit to the firm from IT
is the expected surplus generated by the functional unit
less the cost of IT, and is expressed as follows:

(k+(B+7)q)

the firm determines the optimal cost center qual-
ity level to be ¢*“C. Firm benefit and consump-
tion are based on the realization of actual demand
because the consuming unit is informed of its own
demand, and now knows quality of IT services.
Because the price for IT services is not a deci-
sion variable and normalized to zero under this
organizational structure, the functional unit will
consume the maximum quantity under its demand
function and therefore, will suffer no deadweight
loss. However this leads to suboptimal consump-
tion where users consume IT services even when
value from the services is less than what could
be generated if the firm were perfectly informed
about demand and cost. Such suboptimal consump-
tion which prior literature refers to as inefficient,
leads to greater reduction in benefit to the firm
when the marginal cost of the service is high.
The marginal cost is higher when the quality of
IT services is higher. Thus, improving quality
of IT services under a cost center structure can
lead to lower benefit to the firm. Therefore, the
firm may prefer to offer lower quality under a
cost center structure. From the expression for
the optimal quantity of IT services consumed
we can observe that when the firm’s estimate of
demand and cost is more noisy, then the level
of consumption of IT services increases. This is
an interesting result and we provide an explana-
tion for this finding following Proposition 1. The
proof is in Appendix 1.

E[sc| = / (k+(ﬂ-;7)q_x)dx — (k+ B+ )+ g +7) + @+ 7 +F) |

0

5.1 Lemma 2: Interior Solution for IT Department
as a Cost Center

Under the cost center organizational structure, the firm

determines the optimal quality to be:
*CC _ 3(k(p—a)—cap) : : F
gt = ety the benefit to the firm is:
36a*cka® + 9a(2cka(3a — 2B)f — 2o B2 + K2 (B2 — a?) )+
12ackaQa — 1)e% + (3([3 —a)k —cp)+ cQa — 1)52)
e (3ap(k — cB) + kQ2a — 1)e2) -
foT 2a(6a(a+F)-3f+2a-1)e>) -

and the quantity of IT services consumed is:
CC = | 4 3B a)—cap)

6a(a+p)-3/2+Qa—1)e?’

Lemma 2 reports the level of consumption, func-

tional unit surplus, and benefit to the firm when

@ Springer

5.2 Proposition 1: Effect of Information Asymmetry
on Quality and Consumption of IT Services

Under the cost center organizational structure, the optimal
quality of IT services and consumption of IT services are

decreasing in the firm’s uncertainty.
9q°C _ _ _6Qa=D(k(f=a)=caple an d
de (6a(a+p)=32+(2a—1)e?)’ ’
0x*CC - _ 6(2a—1)p(k(f—a)—cap)e
e (6a(a+p)-3p>+(2a—1)e?)’

The results reported in Proposition 1 are interesting because
the firm reduces IT service quality under increasing uncer-
tainty. The intuition behind this result comes from understand-
ing the manner in which the benefits to the firm are generated
from the use of IT services. Higher uncertainty translates to an
increased range of demand possibilities and marginal cost
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possibilities. Increasing quality always costs more and
if demand is insufficient firm benefit is adversely affected.
In contrast, if quality is lowered cost is also lowered and firm
benefit is less affected by lower stochastic draws in demand.
Increasing uncertainty implies that demand has a wider range
of stochastic draws. While demand is linear with respect to
quality, the cost of quality is convex. Hence, the intuition is
that expanding the range of uncertainty in demand forces the
firm to lower quality because the severe cost penalty imposed
when lower occurrences of demand are paired with higher
quality.

An example could be online order placement at an
e-commerce retailer when introducing a product with high
uncertainty in demand and high cost of service quality. The
number of customers placing orders has a wide range on
uncertainty because of the untried and untested nature of
the product introductions. Our finding suggests that the
e-commerce retailer should resource for lower IT quality
by provisioning fewer servers, storage and related hardware
under greater uncertainty. As uncertainty is reduced, the
e-commerce merchant can improve quality of IT services
and consequently consumption would improve alongside
reduced uncertainty.

5.3 Proposition 2: Comparison of the Cost Center
to the First Best Benchmark

(1) Cost center quality is always lower than benchmark quality;
and (ii) Cost center consumption is greater than benchmark
consumption when the fixed cost of quality is sufficiently high,

38— a)(2ch - k)
— 2a — 1)e?

|

92a(f — a)® + 6cQ2a — 1)
+ | af
\ (B — a) k(2 — a) = 2cap)e® + *Qa — 1)20154
12ca?

Proposition 2 compares quality and consumption under
the cost center structure to the benchmark results. The
superior quality of the benchmark solution is intuitive
because the benchmark solution has pricing set to mar-
ginal cost to eliminate deadweight loss. Such pricing
enables improvement in quality. However, it is not read-
ily intuitive that consumption under the cost center can
exceed that of the benchmark solution. We find that when
the fixed cost of quality is sufficiently high, cost center
consumption exceeds benchmark consumption. The rea-
soning is that the benchmark solution, with pricing, is
unable to increase quality sufficiently high to drive con-
sumption whereas the cost center offers its services and
the corresponding IT service quality as a free resource,
which drives up consumption of IT services. Figure 1
illustrates the differences in behavior in consumption
of IT services with respect to the fixed cost of quality
parameter.

a>
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Fig.1 Consumption of IT services with respect to the fixed cost of
quality parameter a

6 IT Department Organized as a Profit
Center

In contrast to the cost center organizational structure,
under the profit center organizational structure the IT
department determines the price and quality of IT services
to maximize its profits under the profit center. Recall from
the Model section that the IT department is perfectly
informed about IT costs but is imperfectly informed about
the demand for IT services. Therefore, the uncertainty
parameter is e =0 for IT costs. The IT department gener-
ates a profit S;;=(x ' p) — C;p, and the surplus generated by
the functional unit is S;. The benefit to the firm is
S;=(Sy+S;p). The cost of providing IT services is
Cir=x(c+q)+a- g*+F. Because price and quality are
determined by the IT department, its optimization problem
is I\QI?IX{SIT}. The IT department’s optimization leads to

the following proposition.

6.1 Lemma 3: Interior Solution for IT Department
as a Profit Center

Under the profit center organizational structure, the IT
department determines the optimal quality and price of IT

; . o #PC _ 2alktca)—(B—a)(cf=k) _«PC _ (k—ca)(f—a)
services to be: p** = yon ﬂ_,;?ﬁ i 6, = taa—p—ar
a(k—ca) ( aa—(ﬂ—;x) ) _ F, and
(4aa—(p-a)*)

«PC _ 2aa(k—ca)
- 4aa—(ﬂ—a)2.

Lemma 3 reports the optimal price and quality that the
IT department will offer under a profit center structure.
The optimal quality and price are non-negative in the inte-
rior. The price for IT services is greater than the marginal
cost of providing the services, therefore there will be some
deadweight loss. The proof is available in Appendix 1.

the benefit to the firm is: S}‘P C =

the consumption of IT services is: x
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6.2 Proposition 3: Comparison of the Profit Center
to the First Best Benchmark

The First Best solution provides: (i) greater firm benefit,
(ii) higher quality of IT services, and (iii) lower price of IT
services, compared to the profit center.

Proposition 3 compares the first best solution to the profit
center and the results support the intuitive notion that the
benchmark solution is superior in firm benefit while providing
lower prices and higher quality. The proof is in Appendix 1.

7 Comparison of Organizational Structures

We compare the two organizational structures developed in
the previous two sections to analyze the differences and under-
stand the conditions when one structure may be preferred over
the other. The firm determines the preferred organizational
structure for the IT department by comparing the net benefits
from IT that the firm expects to realize from each organiza-
tional structure. The preferred organizational structure for the
IT department is the structure that offers greater benefits to the
firm from the consumption and use of IT services.

7.1 Proposition 4: Comparison of Quality of IT
Services between Organizational Structures

The cost center organizational structure supports higher

quality of IT services in the interior if and only if the demand
ca(6aa(a+p)—(f—a)(3ap+Q2a—1)e?))
(B—a)(6aa—3a2+(2a—1)e2)

intercept is sufficiently high, k£ >

The finding in Proposition 4 that the cost center can offer
greater quality than a profit center is interesting because
prior literature (Allen, 1987) has argued that the profit center
offers higher quality. Intuitively, one would expect higher
quality of IT services under profit center because IT services
are priced for profit maximization under the profit center
structure, whereas under the cost center structure IT services
are free and increasing the quality of IT services will lead
to even greater consumption causing further increase in effi-
ciency losses under the cost center structure.

To understand the result in Proposition 2, note that
increasing quality also provides benefit to the consuming
unit and higher levels of consumption under the cost center
structure enable the fixed cost of quality to be spread over
a larger base of consumption of IT services. The lowest
quality viable level is nominally set to zero in the model.
Therefore, in our model, the intercept clearly determines
consumption that would take place at this base level of qual-
ity and when price is zero. Proposition 2 finds that this base
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Fig.2 Comparison of quality of IT services

level of consumption defined by the intercept of the demand
function must be sufficiently large for the cost center to offer
higher quality than the profit center. Intuition suggests that
higher values for a base level of consumption represents
higher levels of demand for IT services at the minimum
level of quality and zero price. Hence, under the cost center
organizational structure, the IT department can offer higher
quality of IT services compared to the profit center structure,
when the base level of demand is sufficiently large.

As an example, consider a new IT service such as a
Business Intelligence (BI) software application that can be
enhanced in quality by providing data science consulting and
analytical services. The base level of quality which is sim-
ply providing access to the BI software with no additional
support or services is expected to have high demand which
is captured by the demand intercept (k). Proposition 2 pre-
dicts that the firm will provide higher quality under the cost
center compared to the profit center, perhaps by providing
the additional support of data science consulting and analyti-
cal services. Figure 2 illustrates the result from Proposition 2
along with the impact of price. The proof is in Appendix 1.

7.2 Proposition 5: Comparison of Consumption of IT
Services between Organizational Structures

When the fixed cost of quality is sufficiently low,
Yi+y/7,
1202 (k+ca)’
of IT services than the cost center structure in the interior,

where Y, and Y, are as defined in Appendix 1.

The result from Proposition 5 is interesting because Gur-
baxani and Kemerer (1989) and Jensen and Meckling (1998)
make the argument that the cost center organizational struc-
ture, where services are provided at no charge to the user,
will lead to higher consumption and that the profit center
structure will lead to lower consumption. Intuitively, con-
sumption of IT services will be higher when such services

a< the profit center generates higher consumption
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Fig.3 Comparison of consumption of IT services

are available for free when compared to demand when IT
services have a price.

We find that in most settings, conventional wisdom and the
findings from prior literature hold such that the cost center
has greater consumption than the profit center. However,
Proposition 3 identifies an interesting region where this result
is reversed so that the profit center organizational structure
has greater consumption than the cost center structure. This
surprising result can be understood by noting that, the profit
center sometimes offers much higher quality of IT services
than the cost center. Such higher quality of IT services will
lead to higher consumption ceteris paribus. Even when price
increases, there may be a net increase in consumption because
the quality of IT services under the profit center structure is
high. When the fixed cost of quality is sufficiently low, the
quality of IT services under the profit center structure is so
much higher than quality under the cost center structure that it
leads to higher consumption of IT services. Figure 3 illustrates
the proposition. The proof is in Appendix 1.

7.3 Proposition 6: The Preferred IT Organizational
Structure

The profit center organizational structure is preferred over
the cost center structure: (i) If and only if the fixed cost of
IT quality is sufficiently low, a <a,, where a, is as defined
in Appendix 1; or (ii) If and only if the marginal cost of IT is
sufficiently high, ¢ > c; where c| is as defined in Appendix 1.

The first part of Proposition 6 reports the role of fixed cost
of quality in determining the preferred organizational structure
for the IT department. The first part shows that low fixed cost
of quality favors the profit center organizational structure for
the IT department. Our result is in contrast with Wang and
Barron (1995) who find that the cost center is always pre-
ferred because the information rent under the profit center
organizational structure is never lower than the loss of value
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Fig.4 Preferred IT organizational structure

from information asymmetry under the cost center structure
in their model. They incorporate information asymmetry with
respect to cost of IT services whereas we include both cost
and demand information asymmetry. Furthermore, we include
quality of IT services as a decision variable in our model
whereas Wang and Barron (1995) do not include quality.

To explain the intuition for our result, we note that the profit
center generally offers higher quality of IT services. When
the fixed cost of quality is sufficiently low under the profit
center organizational structure, the IT department can increase
profits by substantially increasing the quality of IT services.
Such higher quality IT services under the profit center struc-
ture leads to increased surplus for the functional unit. Conse-
quently, both IT profits and functional unit surplus are higher
under the profit center organizational structure. Hence, the
firm determines that the profit center organizational structure
is the preferred structure for the IT department.

The second part of proposition 4 considers the marginal
cost of IT. When the IT department is organized as a cost
center, IT services are offered at no charge to the IT-consum-
ing functional unit and these services are consumed even when
the marginal cost exceeds the benefit to the firm. Consequently,
the firm incurs a loss on each unit from such inefficient con-
sumption. The magnitude of the loss from inefficient consump-
tion is greater when marginal costs are higher. In contrast,
the profit center is able to restrain consumption by pricing IT
services such that the profit center organizational structure is
the preferred structure when marginal costs are high. This is
illustrated in Fig. 4. The proof is in Appendix 1.

7.4 Corollary 1: Demand Uncertainty and Preferred
Structure

The difference in firm benefits between the profit center and
the cost center increases with increasing information asym-

6S*PC as*CC
metry: ,’,; - ()fs > 0.
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Fig.5 Variety of IT service example

Corollary 1 suggests that when there is increasing infor-
mation asymmetry captured through the uncertainty of
demand and cost under the cost center structure, the profit
center is likely to be the preferred governance structure for
the firm. This result stems from Proposition 1 which shows
that increasing information asymmetry decreases benefits to
the firm under the cost center structure and quality is simul-
taneously decreasing. Note that the profit center uncertainty
is only in demand for IT services because the IT department
knows its IT costs. The proof is in Appendix 1.

8 Effect of Organizational Structure
on Variety of Services

Up to this point, we have assumed that the IT department
provides only one service. As noted in the introduction, this
paper introduces a novel feature of variety of IT services. In
this section, we develop an extension to analyze the number
of IT services that would be offered under each organiza-
tional structure. Interestingly, we find that sometimes the
organizational structure that is not preferred by the firm may
offer more IT services than the preferred structure (Proposi-
tion 6). This non-intuitive result is explained by examining
the difference in the optimization decisions under the two
organizational structures. Under the cost center, the firm
maximizes expected benefit to the firm from IT services.
Whereas, under the profit center structure, the IT department
maximizes its own profits. However, the preferred organiza-
tional structure for the IT department is always chosen such
as to maximize benefit to the firm from IT services.

We extend the model to consider the set of IT services
that could be offered by the IT department. We characterize
this set by a maximum of y IT services that could be offered
under either organizational structure. We make simplifying
assumptions on the nature of the IT services in order to
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keep the analysis mathematically tractable. Each IT service
i €[1,y] provides surplus to the IT-consuming functional
unit and each IT service is subject to the same demand and
cost characteristics described in the model section. To sim-
plify analysis we assume the services are differentiated only
in their fixed cost F;, i=1, 2, ..., w. Therefore, y IT ser-
vices can be ordered such that Sﬁ(') > Sﬁ+ 1), i=1,2, ..,
and S;7;(1)>S;7;,,(), i=1,2, ..., win the feasible region.

Under the cost center organizational structure, the firm
n

maximizes benefits from IT services <Z Sffc(-)> by provid-
i=1
ing only those services that yield positive net benefits to the
firm. Therefore the optimal number of services n under the
cost center structure must be such that S;(-)>0 and
Spu41(1) <0. Under the profit center organizational structure,
the IT department offers only those services that yield posi-
tive profit to the IT department. Therefore the optimal num-
ber of services m under the profit center structure must be
such that S;,,(-)>0 and S, ,(-) <0, and the maximum

m
profit for the IT department is| >, S7j(+) ). The benefit to
=1

Jj=
m

the firm under the profit center will be | Y SJf.;C(-) .
=i

The organizational structure for the IT department that
provides greater total net benefit to the firm (sum of net ben-
efit from each IT service) from IT services is the preferred
organizational structure. In this section, we examine whether
the preferred organizational structure for the IT department
provides a greater number of IT services. We begin with a
illustrative example of two different IT services as shown
in Fig. 5, that meet the ordering condition. These services
are denoted as IT Service 1, and IT service 2. We determine
the preferred organizational structure and the optimal num-
ber of services that will be offered using a marginal cost of
¢=0.9. This case (¢c=0.9) is interesting because the cost
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center organizational structure will offer greater number of IT
services even though the profit center is the preferred structure.

We begin by determining the services offered under each
organizational structure. Under the profit center structure,
the IT department will only offer IT Service 1 (Fig. 5A),
which generates positive IT profit (S;;,(-)=4.39>0,i=1),
whereas IT Service 2 generates negative profit to the IT
department (S;;;(*)= —0.11<0,i=2) as shown in Fig. 5B.
It is interesting to note that IT Service 2 generates positive
benefit to the firm (Sjgc(-) =333>0,i= 2), yet IT Service

2 will not be offered by the IT department under the profit
center governance structure.

The firm would offer both IT services under the cost
center organizational structure, as seen from Fig. 5SA and B
because each of these services provides net positive benefit

to the ﬁrm(SfClC(-) =7.83>0,5() =3.33 > o). To deter-

mine the preferred organizational structure we compare the
total benefit to the firm from all offered services under each
organizational structure. The profit center structure offers
one less IT service than the cost center structure, and gener-
ates a benefit of 7.83, whereas the cost center structure offers
both IT services, generating a total benefit of 5.16. Hence,
the profit center is the preferred governance struc-
1 2
ture| Y S;;C(-) =7.83> Y SﬁCC(-) =4.834033=5.16 ),
j=1 i=1
but it offers fewer IT services than the cost center structure.
This condition can occur when the net benefit to the firm
from each service under the profit center is sufficiently larger
than the net benefit under the cost center structure. Note that
the converse, where a cost center organizational structure is
preferred, but offers fewer IT services than a profit center
structure, cannot occur.

8.1 Proposition 7: Preferred IT Organizational
Structure and Variety of IT Services

When the profit center is the preferred organizational struc-
ture, and the marginal cost is: ¢ <c,, then the cost center
structure offers a greater variety of IT services than the profit
center structure, where c, is as defined in Appendix 1. When
the cost center is the preferred organizational structure, the
profit center will never offer greater number of IT services
than the cost center.

Proposition 7 is the formal statement of this interesting
result that when the profit center is the preferred structure
that generates greater benefits to the firm from IT ser-
vices, this structure may not offer the greatest variety of IT
services.

The intuition behind this result can be understood by
examining the difference in the decision maker and the
decision rule under each organizational structure. Under
the cost center structure, the IT department decides which

IT services will be offered, whereas under the profit center,
the firm decides which IT services will be offered. The IT
department uses positive IT profits as the decision rule for
offering an IT service whereas the firm uses net benefit as
the decision rule for offering an IT service. It is possible that
under the profit center structure, the IT department will not
offer an IT service even when that IT service offers a posi-
tive net benefit to the firm because IT profit from that service
is negative. In such a situation, under the profit center struc-
ture, the IT department will offer fewer services than offered
under the cost center structure. However, the profit center
can still be the preferred organizational structure because
each service offered by the profit center generates greater
net benefit to the firm compared to the benefit that would
be generated under the cost center structure. Therefore, the
cumulative benefit to the firm from IT services generated
under the profit center structure can be greater than that gen-
erated under the cost center structure, even when there are
fewer services offered by the IT department under the profit
center structure. Hence, the profit center can be the preferred
organizational structure for the IT department, and yet offers
fewer services than under a cost center structure.

On the other hand, when the cost center organizational
structure is preferred for the IT department, the profit center
structure will not offer greater number of IT services. The
intuition behind this result is that under the profit center
structure, the IT department will not offer a service even
when there is benefit to the firm from offering that service
because IT department profit from that service is negative. In
contrast under the cost center structure an IT service will be
offered as long as there is a benefit to the firm. Under our IT
service ordering assumption, for any given marginal cost, all
services are ordered in terms of decreasing benefits. When
the cost center is the preferred structure, the benefit to the
firm under the cost center structure must be greater than IT
department profit under the profit center structure. Hence,
any IT service offered under the profit center structure will
also be offered under the cost center structure. Therefore,
the profit center structure can never offer greater number of
services when the preferred organizational structure is the
cost center. The proof is provided in Appendix 1.

8.2 Proposition 8: Uncertainty and Variety
under the Profit Center

The marginal cost threshold for variety from proposition 8,
c,is decreasing with uncertainty, % <0.

Proposition 8 finds that increasing uncertainty drives the
marginal cost ¢, lower. When this result is applied to the
result from Proposition 7 the consequence is that when the
profit center is the preferred governance structure, the likeli-
hood of the cost center offering more services will decrease
with uncertainty. Hence, increasing uncertainty increases
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the likelihood that the preferred structure will offer greater
variety of IT services. The practical implication is that new
and emerging complex IT services with high levels of sup-
port such as business intelligence, analytics services, or
machine learning applications are likely to come with high
uncertainty in demand and cost. Furthermore, such services
that arise from new technological developments are likely
to be accompanied by high marginal costs at least in early
incarnations. This in turn increase the likelihood that the
marginal cost of the new service is greater than the threshold
¢, and Proposition 8 would suggest that such new services
are more likely to be offered under the profit center structure.

9 Discussion

Our paper provides a model and framework to analyze
whether the IT department should be organized as a cost
center or as a profit center. Prior literature has made qualita-
tive arguments regarding the benefits to the firm from the
choice of organization structure. We build on this literature
by developing an analytical model to compare the perfor-
mance of the cost center and the profit center structure for
the IT department, and to identify conditions that are suited
for each structure. Our analysis examines the impact of IT
service quality, consumption and variety of IT services to
generate several interesting results.

DeLone and McLean (2003) highlight the importance of
quality of IT services as an important factor for generating
benefits to the firm. Prior literature (Allen, 1987) has argued
that the profit center will offer higher quality of IT services.
Therefore, some firms may adopt the profit center structure
under the belief that it provides higher quality services than
the cost center structure. However, our new finding shows
that under certain conditions the cost center structure will
provide higher quality of IT services. Thus, firms need to
give careful consideration to the IT organizational structure
instead of relying on commonly held beliefs. Weinzimer
(2015) provides examples such as Valspar and Synopsys who
improved the quality of IT services and thereby improved
business value and business performance by the use of met-
rics, dashboards, and by communicating value to the users.

DeLone and McLean (2003) have also highlighted the
importance of variety of IT services as another important
factor. An intuitive notion that has not been previously ana-
lyzed is that the preferred organization structure will offer
a greater variety of IT services. However, we show that the
cost center organizational structure provides a greater vari-
ety of IT services even when it is not the preferred struc-
ture. This occurs because under the profit center structure,
the IT department may not offer certain services even when
these IT services benefit the firm because they are unprofit-
able to the IT department. In contrast, under the cost center
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structure, all services that generate net benefit to the firm are
offered. Weinzimer (2015) also notes that the IT department
which is a cost center at Synopsys was able to create better
products and services which implies more variety.

We show that the notion from prior literature that “free”
IT services drive higher consumption under the cost center
structure does not always hold. Gurbaxani and Kemerer
(1989) point out that the cost center organizational struc-
ture leads to overconsumption of IT services. While this
paper lends analytical support to this propensity, we find
that there are conditions when the converse is true: the profit
center structure generates higher consumption of IT services
compared to the cost center structure. This can be explained
by the quality differential in IT services between the profit
center structure and the cost center structure. When the
profit center service quality is sufficiently larger than the cost
center quality, it leads to higher consumption of IT services
under the profit center structure.

We find that there is no universally dominant organi-
zational structure such as suggested in Wang and Barron
(1995) where the cost center structure is always preferred.
Our results show that the profit center is the preferred struc-
ture when the fixed cost of quality for IT services is low, and
the cost center is the preferred structure when marginal cost
for IT services is low.

The results have several managerial implications. Our
findings suggest that the IT department should offer lower
quality services when demand and correspondingly, IT cost
has high uncertainty, such as when offering a new IT ser-
vice to its internal functional units. Social media market-
ing is a new phenomenon and many firms are just entering
this realm of customer interaction. For example HootSuite
offers a social media dashboard and TweetDeck (acquired
by Twitter) offers a real-time Twitter tool to help firms track
and evaluate customer engagement. When such services are
offered by the IT department under the cost center organiza-
tional structure the demand and cost for these new services
may be characterized by high uncertainty. Our results sug-
gest that the firm should err on the side of offering lower
quality, at least until the uncertainties are mitigated. Quality
in this example may be characterized by limited availability
or limited training and support for the deployment of these
services for customer engagement and targeted marketing.

Our results suggest that firms should consider the cost
center organizational structure for IT services that are char-
acterized by low marginal cost. For example, ubiquitous
office PC maintenance and software upgrades or updates
would fit this characterization. Similarly, office productiv-
ity applications software and related support would also
fit this characterization. Another example could be pri-
vate computer networks, where the marginal cost of net-
work communication is low after the network has been
commissioned.
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Complex IT services that require a high level of sup-
port from IT personnel will incur high marginal cost. For
example, frequent executive requirements for custom-
ized business reports may require SQL generation tools
and personnel for database and data warehouse support.
Our results suggest that such services should be offered
under the profit center organizational structure. As a sec-
ond example, a product division may require customized
IT services for training field personnel on a new product
where such training will improve the productivity of the
sales team. Such, customized IT services are characterized
by high marginal cost because of customization and per-
sonnel support. Our analysis suggests that these services
should be offered under the profit center organizational
structure.

Our result on variety suggest that a firm may need to offer
or fund some services as a corporate service even when the
IT department is operated as a profit center. This implies a
hybrid structure where IT services with certain characteris-
tics such as high marginal cost are offered under the profit
center whereas others are offered under the cost center struc-
ture. Under the profit center structure, the IT department will
not offer unprofitable IT services that are beneficial to the
firm. Examples of such services could include maintenance
and support for specialized workstations or peripherals that
are not widely used within the firm. Therefore, the IT depart-
ment may find it unprofitable to offer these services even
though they generate benefit to the firm.

The analytical modeling methodology employed abstracts
key elements of benefits to business from organizational struc-
ture. Hence, the model and analysis are limited by the vari-
ables and constructs employed in such an abstraction and is
therefore imperfect and limited, and will not capture every
possible state or contingency that a firm encounters, which are
theoretically infinite. Nevertheless, models ae useful to cap-
ture, explain and analyze observed phenomena even though
they are limited and imprecise replications (Box, 1976).

Our research questions analyzed are relevant because
rapid technological change is a defining characteristic of IT.
Today we are witnessing the emergence of Social, Mobile,
Analytics and Cloud (SMAC) and the Internet-of-Things
(IoT) which can affect organizational structure (Porter &
Heppelmann, 2015). Based on our results, firms may need
to consider a transition in the organization structure of the
IT department or for individual IT services, when faced
with significant change in the cost or demand for such
IT services. A suboptimal organizational structure could
have significant impact on the benefits derived from IT
particularly because IT spending is the largest portion of
non-residential spending (Colecchia & Schreyer, 2002).
The importance of quality, consumption and variety of IT
services has been shown to be important in generating ben-
efits to the firm (Delone & McLean, 2003). We show that

organizational structure affects these important attributes
of quality and variety.

Appendix 1

List of variables and parameters
Proofs

List of variables and parameters

Proofs

Proof of Lemma 1: First Best benchmark solution
under perfect information

In the first best solution, the firm is perfectly informed about
demand and cost. Hence, the firm sets the price equal to
marginal cost, and optimizes quality to generate the optimal
surplus without any deadweight loss.

Max{sFB} = Max{SF® 4 55
g f P { U T

= Max { (4220 ) 4 (p(k = pa + gp) = (¢ + )k = pa + gP) — aq?
pa 2a

)} (6)

The solution to the firm’s optimization problem results in
the following optimal First Best price and quality:

SFB _ k—=ca)(p—a) “FB _ 2aca + (f — a)(k — cp)
2aa — (a — f)* 2aa — (a — p)>

)
It is readily seen that price is set to marginal cost. Substituting
the expressions in (7) into the respective functions, we obtain:

S*FB — 2 a(k—ca) 2
U Zaa—(ﬂ—a)z

®)

«FB _ _atk—ca)* «FB _ 2aa(k—ca)
Sf - 2aa—(ﬂ—w)Z F’ X - 2aa—(ﬂ—a)z’

Concavity Condition Concavity requires the determinant of
the Hessian of the objective function (6) to be positive and we
have 2aa— (i —a)*> 0. We also require the first element of the
Hessian matrix to be negative and we have /% —2a(a+f8) <0.

Positive Price Setting price in (7) to be positive results in the
requirement k> c(ff —2aa/(f — a)),

Positive Quality Setting quality in (7) to be positive results

in the requirement k> ca and (> a).
This completes the proof.

@ Springer



2068

Information Systems Frontiers (2022) 24:2053-2076

Table 2 List of variable and

R Symbol
parameters under the linear

Description

demand model

X R MY O rT

m

price for IT services from the inverse demand function

quantity of IT service consumed by functional unit

quality of IT service

marginal cost of IT services

fixed cost of quality of IT services parameter

fixed cost of IT services independent of quality and consumption
marginal effect of price on demand for IT services

marginal value of quality of IT service to functional unit
demand intercept: quantity consumed at zero price and base quality
random variable representing demand and cost uncertainty
distribution parameter for uncertainty

maximum variety of IT services offered

cost of IT services

functional unit surplus from use of IT services

IT department profit

surplus to the firm, or firm benefit from the use of IT services by
functional unit

Proof of Lemma 2: Interior solution for IT department
as a cost center

Because of information asymmetry, the firm is imper-
fectly informed of the demand and cost parameters and
observes (f + 7) and (a + 7)where ¥ has a Uniform dis-
tribution U(—¢, €). For notational simplicity we define
f=(Bp+7) anda = (a+7). Therefore f ~ U(f — ¢, B + €)
and @ ~ U(a — €,a + €). The firm incurs a marginal cost
(c + g(1 +7)). Price of IT services is not a decision varia-
ble and nominally set to zero. The firm computes expected
surplus generated by the functional unit when it sets qual-

ity of IT services to be ¢*“C as follows:
(k+pq <€) . A 2
k+ ﬂ *CC —x k + ﬂ *CC
S5 = / kP =), K0
a 2a

0

The firm’s net benefit from IT services is the surplus
in (9) less the cost of IT. The firm maximizes the
expected net benefit from IT. which is
E[5€| = E[SSC - (sMCpr + FC)]

E[s¢€] = E[(SE° - )| = £ {7(“@“)2 - (x€C e+ g +p) +alg ) + F)}

xCC = k + fg*cc

10)

We generate expected firm benefit by applying the
probability density function (pdf) of the random variables
f.a,7, and integrating (10) as follows:

@ Springer

e [ate(f+e
els| = [| | ] (5) (52 Jab (52 aafar
—e \a—e\ ¢

Substituting (10) in (11), the firm’s problem can be stated
as follows:

e fatefp+e

ot [ |/ (5) G| (5 Jeagr o

—& \a—e\f—¢
Solving the first order condition generated by (12) we
obtain optimal quality:

CC _ 3(k(f — a) — cap)
6a(a+ B) — 3%+ Qa — 1)&2

13)
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Substituting optimal quality into the demand function,
into the functional unit surplus, and into the firm benefit
expression, we obtain the following results:

6aca® + (B — a)(k(3a® + 2a — 1)e?) — ca(3af + 2a — 1)e?))
(2aa — (B — @)*) (6a(a + ) — 3B2 + 2a — 1)e?)

ds)

36acka® + 9a(20ka(3a —2P)f - a*p* + kz(ﬁ2 - az) )+

12ackaRa — 1)e* + (3(/3 —a)k—cpf)+ cQa— 1)62)

(3aﬂ(k —cf) + kQa — 1)62)

(14)

S*CC —
f 2a(6a(a+f)-3F+Q2a—1)e2)’
2
«CC __ 6uka+3aﬂ(k—cﬂ)+k(2a—1)52 +*CC _
SU - ( 6a(a+p)—-3p2+(2a—1)e2 ) /2a, X =k+

—F,

3Bk(B—a)—cap)
6a(a+p)—352+Q2a—1)e2

Concavity Condition The second derivative of the objec-
tive function (12) is —(6a(a+ p) —3p*+ Qa—1)e»)/3a
and concavity requires that the determinant is negative.
Therefore, the denominator of (13) for the optimal quality,
6a(a+p)— B +€) is positive. This in turn requires a > (3
2, 2 2 . 3p(f—2a)—(2a—1)e>
p+e)2(3(a+p)+¢°), or alternatively a > e
Additionally, if there is no bound placed on ¢, it is necessary

that o> 1/2.

Positive Quality Setting (13) to be positive results in the
requirement f> ka/(k—ca), k> capl(f—a), or a<kp/

(k+cp).
This completes the proof.

Proof of Proposition 1: Effect of information asymmetry
on quality and consumption of IT services

Taking the partial derivative of (13) with respect to € which
is dg*C/oe, %icmplifying and rearranging terms, we obtain

the result 24— = — S@a=D&P=w)—caP)c  The denominator
23 (6a(a+p)-3p2+(2a—1)e?)

is always positive, and from the feasibility requirements in
the Proof of Lemma 2 it is readily seen that the numerator is
also positive and we have % <0.

Similarly, taking the partial derivative of SZCC from (14)
with respect to € which is OSZCC /0¢, simplifying rearranging
terms and substituting the expression for x*“€ from (14) we

) 05+<C _ N
obtain the result —¢— = —_S2a=DAkF-a)—cap)e
oe (6a(a+p)-3p2+Q2a—1)e?)

(t)(s)*rccand denominator are always positive and we have
-— <0.
This completes the proof.

>. The numera-

Proof of Proposition 2: Comparison of the cost center
to the First Best benchmark

(i) We compare quality by taking the difference between
the first best quality and cost center quality of IT
services (¢*'% — ¢*“©) which results in the following
expression:

Imposing the feasibility conditions from the proof of
Lemma 2 on (15) requires that the difference is positive and
we have (¢*72 — ¢g*¢©)> 0.

(il)) We compare consumption by taking the difference
between the cost center and first best consumption
of IT services (x*¢C —x*'®). Solving this difference
for the fixed cost of quality parameter (a) we generate
two quadratic roots:

| —=(3(8 — )k — 2¢B) — c(2a — 1)e? )+
(m) \/( (ﬂ—a)(9k2a(ﬂ—a)—6c(ao(lk+2<7ﬁ)—2kﬂ)(2a—|)52) +2Qa — 1)264>
(16)

Testing the negative root of (16) for a positive value

. . 3cap? . .
results in the requirement that k < Sehre e which requires

that k < ca, which is a contradiction. Therefore, we have

a7

[ (12aca +3(f — a)(k — 2cp) + cRa — 1)e?) ]
a>

+ \/ka(ﬂ —a+ 6ea- (-0 k2p-a)-2cap)a-De? | 2Qa - 1)%et

a

Directionality can readily be checked numerically and we
have (x*¢¢ —x**B)> 0 when (17) is true.
This completes the proof.

Proof of Lemma 3: Interior solution for IT department
as a profit center

The IT department sets optimal price and quality where
expected profit is expressed as follows:

Sip =x(p - cq) —aq® — F, Elx]=E[k—ap+(f+7)4
(18)

The IT department’s maximization problem and first
order conditions are as follows:

l\ggx{E[sn] b= hggx{Ekk —ap+ B+ 9P —cq) —ag* — F|}
k+alc=2p+q)+pqg=0

pla+p)—(k+chp+2ga+p)=0
19)

Solving the first order conditions for optimal price and
quality generates the following solution:
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q**¢ = (k- ca)(f — )/ (4aa — (B — a)?) (20)

p*¢ = Qatk + ca) - (B — a)(cp — k))/ (4aa — (B — a)?)
21

Substituting (20) and (21) into the expressions for IT sur-
plus, business unit surplus, and quantity from the demand
function, and simplifying, we obtain the following:

2a%a(k — cot)2 we _ 2aa(k —ca)

(4aa — (B - 01)2)2 T da- B -ay (22)

2
wpe _ alk—ca) “PC _

m _4aa—(ﬂ—a)2’

U

The firm benefit is the sum of IT profit and business unit
surplus, S}k;) ¢+ S*Z‘JP Cwhich can be simplified and expressed
as follows:

S}‘PC =a(k — ca)2(6aa —-p- a)z)/(4aa - (B - 0‘)2)2
(23)

Concavity Condition The Hessian matrix of the objective
function (18) is given below:

2@—=p) (@-p

@-p -2 @Y

The determinant is as follows: 4aa — (a — ) and concav-
ity requires that the determinant 4aa — (a — §)*> 0 because
the first principal minor is negative. This in turn requires
a>(a—p)*la.

Positive Quality, Quantity and Price Note that concavity will
ensure that the denominator for the expressions for optimal
quantity and price is always positive and always negative
for optimal quality. Setting (20) to be positive results in the
requirement a < f and a <k/c or k> ca for non-negative
quality. This will also ensure positive numerators for opti-
mal quantity and price. Note that this becomes a necessary
condition for price. Hence, we require a < Min {f,k/c}. A
sufficient condition for positive price is ¢ff >k which is read-
ily obtained by setting (21) to be positive.
This completes the proof.

Proof of Proposition 3: Comparison of the profit center
to the First Best benchmark

(i) We compare firm benefit by taking the difference
between the First Best benefit and profit center benefit
from IT services: (S;F B _ S}‘P c ), which results in the

following expression:

@ Springer

4a3a(k — ca)?

(2aa — (B — @)?) (4aa — (f — @)*)’

(25)

Applying the feasibility conditions from lemmas 1, 2
and 3, the difference is readily seen to be positive we have
(S*FB _ S*PC) S0

! ! ’

(i1)) We compare quality by taking the difference between
the First Best quality and profit center quality of IT
services: (¢*® — ¢*F'C). which results in the following
expression:

2aa(k — ca)(f — a)
(2aa — (B — @)*) (4aa — (B — a)?)

(26)

Applying the feasibility conditions from lemmas 1, 2
and 3, the difference is readily seen to be positive and we
have (¢*72 — g*7¢) > 0.

(iii) We compare price by taking the difference between
the profit center price and First Best price of IT ser-
vices: (p*F€ — p*®), which results in the following
expression:

2a(k — ca)(2aa — (B — a)p)
(2aa — (B - a)z) (4aa — (B - 0‘)2)

@7

Applying the feasibility conditions from lemmas 1, 2 and
3, the difference is readily seen to be positive and we have
(p*PC _p*FB) >0.

This completes the proof.

Proof of Proposition 4: Comparison of quality of IT services
between organizational structures

The difference in optimal quality in the interior for the two
governance structures is expressed as (g*¢¢ —¢*F©). Solv-
ing this difference for the demand intercept k we obtain the
result:

ca(6aa(f+a) — (B — a)(3ap — 2a — 1)e?))

k>
(B — a)(6aa — 3a> + (2a — 1)e2)

(28)

(i) From the feasibility conditions for Lemmas 2 and 3,
we have > a and we also have k>0 because k> ca.
When k>ca we generate the condition

2
a> =2 5 0. The weaker condition is k>0 which

4a 2
. —a)(3ap—(2a—-1
reqUIreS a > w
6(1(a+2ﬂ) N
a> =2 S (b-a)(Baf~(Za=D)e*)
4a 6a(a+p)
that this condition ensures that the numerator of (28)
is positive. Which in turn requires the denominator

. Therefore, we have

> 0. It is readily seen
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to be positive and results in the necessary condition
3a2—Qa—1)e?

a> .
6a +CC
.. oq _ 3(f—a)
(in :‘ifc alsoﬁ have =5- = 6aa+6af—3p2—(2a—1)e and
q _ —

= —+~— . The denominators are positive
ok 4aa—(f—a)’ p

from Lemmas 2 and 3 and we have f>a from
Lemma 2. To compare the change in optimal quality
with respect to k we check the difference
(%) - <a§ZC> which can be simplified and
(B—a)(6aa—3a>+€?)

expressed as (4aa—(a—p)*)(6aa+6af—3f2—€?)
the difference (a‘g:S ‘)‘g;kpc to be positive we
must have (6aa —3a” + %) >0, because all the other
terms are positive, which implies that a > 3"’2_(2—“_1)82,
which is the same condition as in part (i). ‘

. Hence, for

This completes the proof.

Proof of proposition 5: Comparison of consumption of IT
services

The difference in quantity of IT services consumed under the
two governance structures, from (22) and (14) is expressed
as:

(X*PC _ ey = 2aa(k —ca) (

3Pk(p — a) — caP) )
4aa — (B — a)?

6a(a+ ) — 3%+ a — 1)e2

29)

Setting the difference ( x*¢—x*¢©)=0 has the form of
a quadratic. Solving this quadratic for fixed cost of quality
parameter @ we generate two solutions as follows:
a= 121/:»{3)
Y, = 3a(ka — 28(k + ca) + 3cp?) — (k + ca)2a — 1)e2
v, = 9a(af* (58 — 4a) — 2ckp? (262 — o®) + K* (a® — 4af® +44°) )+
6(k + ca)(cap(3p — 2a) — k(26> = 2ap + a®)) Qe — 1)e + (k + ca)’(2a — 1)°¢*

(30)
Y, +yY,
The two roots are denoted as a; = ————, and
12a(k+ca)
_ h-Vr
a4 = Ra(k+ca)”

First, one of the two solutions from (30) is eliminated as
it is shown to be infeasible. Note that the denominator of
the two solutions is positive. The following steps lead to the
elimination of a, as a solution.

Step 1: Compare terms between Y, and Y,. Note that the
last term in Y,is (k+ ca)(2a — 1)e? and the last term in Y,
is (k+ ca)*Qa— 1),

Step 2: Note that the fourth term in Y, is 9caf*and the
first term in Y, is a*(452a*pY).

Step 3: For a, to have a positive value we must have
Y, > \/72 Steps 1 and 2 show that two terms in Y are
dominated by two terms in \/72 . Therefore, it is neces-
sary for the remaining term in Y, to be positive in order

for a, to be positive. This requirement is checked in the
next step.

Step 4: From Step 3, a necessary condition for a, to
be positive is that ka —2(k+ ca) >0 which yields the
condition that f < ka/2(k+ ca). However this contra-
dicts the requirement in Lemma 2 for positive qual-
ity under the cost center f<ka/(k— ca) because
kal2(k — ca) > kal2(k + ca). Therefore, a, >0 is outside
of the interior space and hence in the interior we have
have a, <0 which is infeasible.

Step 5: Because Y| > 0 is outside the interior space for the
second root a,, we must have Y| <0 which eliminates the
second solution a, as it is negative, i.e. a, <0.

Step 5: We now establish a verification of directionality,
i.e. that when the fixed cost of quality a <a, the profit
center generates greater consumption of IT services, and
when a > a, the cost center generates greater consump-
tion of IT services. Using the following values: k=10,
c=0.1,e=2, a=5, =9 we obtain the fixed cost of qual-
ity threshold a; =1.19032.

Setting a =(a, —0.1)we have x*’¢=25.6754 and
x*€€=18.8201, and we have x*7€ > x*¢C,

Setting a = (a; +0.1)we have x*¢=15.0957 and
x*€€=18.4043, and we have x*7€ <x*C.

Furthermore, note that x*7¢ =k — ap*F¢ + pg**¢ and
x*C =k + pg*FC. Hence, it can be readily seen that
x*FC> x*CCif and only if (¢*F€ — ¢*“©) > (alp)p*FF.

This completes the proof.

Proof of Proposition 6: The preferred IT organizational
structure

The expression for benefit to the firm from IT under the cost
center organizational structure, for any realization of quality
setting g€ under the cost center can be written as follows:
2
(k + ﬂqcc) q*€? 2
cC cC cC
141 k - -F
S g~ (e+d™) (k+pa%) —a(d”)
€29

Where ¢ in (31) is any positive quality of IT service
from the set of all possible quality values under the cost
center {g°C>0}. Next, from Lemma 3 we have the expres-
sion for the benefit to the firm under a profit center for any
realization of quality and price:

CcC _
Sf. =

S7C= (P = (c+ ) (k- ap™ +pg") - a(q")* - F

(32)

(i) For the first part of Proposition 4, we consider the
impact of fixed cost of quality on the choice of organi-
zational structure.
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Step 1: Directionality

Clearly, the first partial derivatives with respect to the
fixed cost of quality a for (31) and (32) can be seen to be
negative. Increasing the cost of quality will reduce IT profits,
and reduce the benefit to the firm from IT. The difference
in the first derivative with respect to fixed cost of quality
parameter a in (31) and (32) is as follows:

cC PC
as o as J

(k=B -a)\ o2
da da _< > —(q )

daa — (B — a)?

gPC=g+FC
(33)

The expression in (33) must also hold when ¢ =¢*€.
From (33) we can see that when the right hand side is posi-
tive, the benefit to the firm under the profit center is declin-
ing faster than the decline in benefit under the cost center,
with increasing fixed cost of quality. Note that both as;CC /da
and 6S;:P C /da are negative. Therefore, when the right hand
side of (33) is positive, the decline in profit center benefit is
greater than the decline in cost center benefit when fixed cost
of quality parameter a increases. A positive Vazlue on the
right hand side of (33) requires thata < (pa)(kcay +q"®(f—a)

4a_q*CC
This is a positive threshold because Lemma 2 requires 5> a

in the interior and we have q*CC> 0. Hence, directionally,
the fixed cost of quality a needs to be sufficiently low for the
profit center to be the preferred governance structure.

Step 2: Fixed cost of quality threshold

Solving the identity <S;P ¢ - S}‘CC> = 0 with respect to a

the fixed cost of quality parameter generates only one real
valued solution which is represented as follows in compact
notation:

As in part (i), it is clear that the first partial derivatives
with respect to the marginal cost ¢ for (31) and (32) are
negative since increasing marginal cost will reduce profits,
and reduce the benefit to the firm from IT. The difference
in the first derivative with respect to marginal cost between
(31) and (32) is as follows:

PC
de
dc

3 anCC . 2aa(ca — k)

dc daa — (B — a)?

+ ﬁ(qCC)

(34)

The expression in (29) must also hold when ¢“¢=¢*C.
From (34) we can see that when the right hand side is posi-
tive, the benefit to the firm under the cost center is declining
faster than the decline in benefit under the profit center, with
increasing marginal cost ¢. Note that both as;:P € /ocand

gPC=g*PC

dS}"CC /dc are negative. Therefore when the righf hand side
of (34) is positive, the decline in cost center benefits is more
negative than the decline in profit center benefits when mar-
ginal cost ¢ is increasing. A positive value on the right hand

. . (B—a)*(k+Bq*C)
side of (34) requires that ¢ > Sa(rear2pg )"

tive threshold because we require that g*¢ > 0. Therefore,
marginal cost ¢ needs to be sufficiently high for the profit
center to be the preferred organizational structure for the IT
department.

This is a posi-

Step 2: Marginal cost threshold

_3a2(p*PC)2 +6a2p*PCq*PC +6k(q*PC _q*CC)(ﬁ_ a) _ 6a/3<(q*PC)2 _ (q*CC)2>
+ 3ﬂ2<(q*FC)2 _ ﬂZ(q*CC)2> +6ca(ap*PC +ﬂq*CC _ ﬂq*FC) _ (2a _ 1)82(6]*CC)2

a<

6a<(q*PC)2 _ (q*cc)2>

Where p*¢= Qa(k + ca) — (f — a)(cp —k))/

(4aa—(P—-a)?), "=k - ca)(p—a)l(4aa— (f —a)?), and
«CC — __ 3(k(f—a)—cap)
q 6a(a+p)—-3p2+(2a—1)e?

(i1)) For the second part of Proposition 4, we consider the
impact of marginal cost ¢ on the preferred organiza-
tional structure for the IT department.

Step 1: Directionality
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Solving the identity (S;P C— S;TCC> = 0 with respect to
marginal quality cgenerates two quadratic roots as follows:
~Y,+Y,\/Y;
c> (T) = ¢, where
4
144a*a* + 6aa(f — a)2(3aﬂ(3a2 —1lap + 5/32)
+4a’a*(9a(a® — 12a%f + 20ap*

Proof of Corollary 1: Demand uncertainty and preferred
structure

Taking the derivative of the difference <S;‘P ¢ - S}‘CC )from

—2a(4f — a)Qa — ez — Qa — 1)264)
— Sﬁ%) + 6a(4p —3a)2a — 1)52 +Qa— 1)284)

T 4B — ) (9aa — BB + 6Q2a — 1)e? + (2 — 1)%e*)

—24a%a® (902 — 18af + 36% — 2(2a — 1)&?)
Y, =k(4aa — (b — a)*)(6a (a+b) — 30>+ (2a — 1)é?)
Y. = a3 a?Qaa + Qa — p)f) + 48a%a>Qa — 1)e?
3T < +(4a*a® - 6aa(f — a)* + (B — a)*)(2a — 1)%e* >
38 — ) p?(6af — 3% — 2% + 4ae® — 432a%a* )+
Y, = 12a%a*(3p(4a® — 2602 + 36ap* —

+72a3a3(a2 +11p% 4+ 2% - 2a(7ﬂ + 262))

1343) +2(a® — 8ap + 86%) 2 —
+2aa(B — a)* (98%(5a% — 14ap + 682) + 6(2a — 1)(2a — 5p)fe* + Qo — 1)°¢*)

De? — 2a — 1)°€*)

Directionality has been established in step 1 above. From the
requirements for an interior solution from Lemmas 2 and 3, we
have ¥,>0 and therefore Y, \/73 > (. There are four possibilities
for signs: (¥,>0,Y,>0), (¥,>0,Y,<0), (¥,<0,Y,<0),
(Y,<0,Y,>0) Clearly, when Y,>0, Y,>0, the solution

—Y,-Y.

s g .
c> + is eliminated because the marginal cost threshold
4

is negative. Similarly, whenY; <0, Y, <0, the solution
V4107, . - .
c> % is also eliminated because the marginal cost
4

threshold is negative. In the two other cases, only one solution
from the pair will be valid because directionality has been
established. Hence, only one solution from the pair can provide
the required directionality in the feasible region. A numerical
example is used to generate the feasible solution and is provided
below:

Using the following parameter values: {k— 10,a—4,p

— 10, e > 1,a— 4} it is readily seen that
Y, <0, Y,4/Y; >0, Y, >0.Only one SOluthH#\/YT

4
generates positive quality as required for and interior solu-

tion with these parameter values. We compute the marginal
cost threshold ¢;=0.700797 as the marginal cost above
which the profit center is predicted to generate greater firm
benefits. Directionality is verified using values for marginal
cost above and below the threshold c=¢; =0.700797 +0.1

to check for the difference in firm benefit < S;P c_ S}‘CC> and

we obtain (s;PC - S;;CC) = 171766 > 0
: =¢,=0.700797+0.1

when the marginal cost is above ¢, which confirms that the
profit center provides greater firm benefit. We also obtain

(877 - 57) = —1.9442<0 when the
=¢,=0.700797-0.1

marginal cost is below ¢; which confirms that the cost center

—Y,+Y,/Y;

v,

provides greater firm benefit. Hence, we have ¢, =

This completes the proof.

Lemmas 2 and 3, we obtain the following:
6(2a — D*(caf — k(B — a))’e3
a(6a(a+ B) — 687 + 2a — 1)e?)’

*PC «CC
057 95N _
de de
(35)

The requirements for an interior solution from Lemmas 1
and 2 show that the difference in (35) is positive.
This completes the proof.

>0

Proof of Proposition 7: Preferred IT organizational structure
and variety of IT services

Proposition 4 specifies the marginal cost ¢, at which the firm
is indifferent between the profit center and the cost center
structure. All exogenous parameters are identical for all ser-
vices except for the fixed cost F;, i=1, 2, ..., y which does not
play a role in the optimization undertaken by the firm or by
the IT department. Hence, the indifference point ¢, reported
in Lemma 3 is identical for all services. Furthermore, the IT
services are ordered in their benefit to the firm and IT profit.

First, we show that when ¢ < ¢, the cost center is always
the preferred structure and the profit center will never offer
greater number of services. Proposition 5 reports that when
¢ < cthe cost center is the preferred organizational structure

for each service, because ijc SP C> S i=1,2,....,yp.
m

Therefore, we have z SCC > z SPC and 2 SCC > Z SPC

We also know that the number of services offered by the cost
center is n and therefore we know that Sfygrl < 0. However,

we also have S{C>S7C> Sy, i=12...

implies that 0 >

,w which
Sfc €, > Sy Therefore, the greatest pos-

sible value for the number of services offered by the profit
. . . CC

center is n because n <m will result in Sy, ,; > 0> anJrl

which is a contradiction. Therefore, we have the result n > m.
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Second, we derive the marginal cost threshold ¢, such that
when c=c, the cost center benefit to the firm is zero for
service m+ 1 such that Sffnil =0, and when ¢ > c, the cost

center benefit to the firm for service m+ 1 is negative such

that Sgnil < 0. The threshold ¢, is obtained by solving for
marginal cost when S;ffl =0, where S}‘CC is as reported in

Lemma 1 as follows, for service m+1:

Siri +Si¢ > Sﬁc, i=1,2,....,y which in turn implies
S/I;C > Sffc, i=1,2,....,y and the cost center will never be
the preferred structure. Hence, when the cost center is the

preferred structure, it can never be that
Sm>Sj€C,i=1,2,....,u/, and it must be that
Sipy < Sﬁcc,i =1,2,....,y. We also know from that the cost

n m
center will offer m services and we have ¥’ Sfc >y Sf: c,
= =

36a>cka’® + 9a(2cka(3a — 2p)B — [ + K2 (f* — o?) )+

12ackaRa — 1)e* + (3(/3 —a)k—cp)+ cQa— 1)62)

(30(/3(/( —cf) + kQa — 1)£2)

(36)

§HCC ==
! 2a(6a(a+ f) - 32 + 2 — )e2)’

m+1

The solution to (36) generates two roots for marginal
cost and one root is readily eliminated by substituting
the two roots for cost center quality ¢*“ and only the
following solution generates positive cost center quality.
The other root is outside the feasible region and we have..

and we have S;il < 0.If m>n then we will have S;7,,, ;>0

(9a2a + p)aa + 2a — p)B) + 6a(2a + p)(2a — D)e® + Qa — 1)°¢*)

Ko \/ < (18aa(2aa + 2a — p)P) + 12aa(2a — D)e® + Qa — 1)°¢*)

(6a(a+ B) = 342 + 2a — 1)e?)’

. . . . CC
which is a contradiction because S;7,,,; < an 1 Therefore,
it must be that n >m.
This completes the proof.
>F m+1 (37

v

3ap*(6a(a+ ) — 362 +2(2a — 1)e2)

Third, the derivative of cost center firm benefit with
respect to marginal cost cis computed as follows:

9aRaa + Qa — p))Rak + pk — cf))+

98¢ 6a(2ak + Pk — cf))Ra — De? + kQa — 1)%*
de (6aa +3pQa — ) + (2a — e2)’
(38)
Imposing the concavity condition a > 2(51/3) from the

proof of Lemma 3 ensures that (38) is negative.

Fourth, consider the case when ¢ < c,. When the profit
center is the preferred structure we know that
m m
zi S5¢ > ZiSjgc and we also have Sz, , ; <0. However
= i=
from (37) we know that when ¢ < ¢, the cost center firm
benefit from service m+ 1 is positive and we have

Sjgnil > 0. This implies that the cost center will offer IT

service m+ 1. We also know that the profit center will offer
only offer m services. Therefore, even when the profit
center is preferred, the cost center will offer more services
when c€ (¢, c,).

Now consider the second part of the proposition when
the cost center is the preferred structure and ¢ <c¢, When
c<c, we have S;; < S]gc,i =1,2,....,y because the con-
S > SgCi=1.2,...p that

verse implies
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Proof of Proposition 8: Uncertainty and variety
under the profit center

From the result in Proposition 7, we take the derivative
dc,/de and we have:

(4kQ2a — 1)€* (6a(a + f) — 3% + (2o — 1)e?))
9Q2aa + p2a — p))4aa + 2a — f)f)+

%, 6(4aa + Qa — p)F)2a — 1) +2(2a — 1)254

5% =l ae

/
(39

(18aa2aa + 2a — f)B) + 12aa(2a — 1)e* + (2 — 1)%€*)
(6a(a+ p) — 3> + 2a — De?)’

(3a* (6ata+ p) - 35° +20a - De?)° )

The fixed cost F,, ;is notionally set to unity for tracta-
bility and ease of exposit%on. Imposing the concavity con-
dition g > 22U=20-C«=De 5 Lemma 2 and testing for

. . 6a _ 3p(p—2a)—(2a—1)e?
sign with the following values ¢ = =——=——= 1 10.8

6a
and {k=10,a=6,=7,e=5}, the derivative
? = —0.0291433 < 0. Furthermore, imposing the feasibil-

(3
ity conditions from Lemmas 2 and 3 ensures that % < 0.
This completes the proof.
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