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Impact of Enterprise Systems on Mergers and Acquisitions

Abstract:
This paper examines the relationship between Enterprise Resource Planning (ERP), Customer
Relationship Management (CRM), and Supply Chain Management (SCM) systems and mergers and
acquisitions (M&A). We also investigate how any such relationships are contingent on the characteristics
of the focal firm and its industry environment. The key argument is since ERP, CRM and SCM systems
can reduce agency cost associated with internal coordination, they may be related with more horizontal,
vertical and conglomerate M&A; and that since CRM and SCM systems can reduce the transaction cost
of coordinating activities with downstream partners and suppliers, they may be related with fewer vertical
M&A. Using a sample of 707 Fortune 1000 firms that made 1,973 M&A deals from 2009 to 2014, the
empirical analysis suggests that ERP systems are positively related with horizontal and conglomerate
acquisitions, and more so for larger firms; CRM systems are negatively related with vertical M&A,
especially when downstream industry dynamism is low; and SCM systems are negatively related with
vertical M&A, and more so when supplier industry concentration is low. (177 words)

Keywords: Merger and acquisition, Transaction cost economics, Agency theory, Enterprise Resource
Planning (ERP) systems, Customer Relationship Management (CRM) systems, Supply Chain
Management (SCM) systems, information-based coordination, ownership-based coordination, industry
dynamism, industry concentration.
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INTRODUCTION

Mergers and Acquisitions (M&A) are used by firms to acquire new resources and redeploy existing
resources in new contexts. The value-generating potential of M&A explains the number and size of M&A
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(Cartwright and Schoenberg 2006). In 2014 82,354 M&A were completed around the world with a total
deal value of 4,708 billion U.S. Dollars (Bureau van Dijk 2014). Prior research suggests a variety of
efficiency oriented arguments for M&A such as cost reduction or profit enhancement from using
production capacity more effectively (Sheth and Larson 1990; Singh and Montgomery 1987), sharing
knowledge among operating units (Morck and Yeung 1998), and umbrella branding of products
(Wernerfelt 1988). In contrast to the above synergy (efficiency) based logic, prior work also presents
alternative motivations for M&A from an anti-competitive perspective. Horizontal M&A can have anticompetitive effects if they lead to collusion, while non-horizontal M&A can be anti-competitive if they
result in foreclosure or collusion. A vertical takeover of a supplier (or customer) can deny access to
critical inputs (or outlets/markets) to its nonintegrated rivals (i.e., the foreclosure motivation, Shenoy
2012) or act as a mechanism that facilitates the flow of information between the integrated firm and its
nonintegrated rivals (i.e., the collusion motivation, Shenoy 2012). These arguments highlight M&A as a
way for a firm to gain efficiency or market power through exclusive access to key resources in its
primary, upstream, and downstream industries.
There is a large body of research in IS that takes an efficiency perspective and examines how IT
impacts firm boundaries by reducing internal and external coordination costs (e.g., Brynjolfsson et al.
1994; Clemons et al. 1993; Dewan and Min 1998; Gurbaxani and Whang 1991; Hitt 1999; Malone et al.
1987; Forman and Gron 2011). The empirical findings of this literature suggest that IT may reduce
internal as well as external coordination costs as IT is associated more diversified and less vertically
integrated firms (Dewan and Min 1998; Hitt 1999). There are also studies about the impact of IT on
strategic alliances (Tafti et al. 2013; Liu and Ravichandran 2015). However, the study of how IT, and in
particular enterprise systems such as enterprise resource planning (ERP), customer relationship
management (CRM) and supply chain management (SCM) systems impact firm boundaries through
M&A has been underexplored. At their core, enterprise systems enable monitoring and coordination of
activities within and across organizations. Thus, the internal coordination capabilities provided by ERP,
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CRM, and SCM systems can reduce agency costs associated with operating a larger (i.e., the focal and the
acquired) firm and thereby increase the motivations to engage in horizontal, vertical, and conglomerate
M&A. However, the external coordination capabilities provided by CRM and SCM systems can reduce
the transaction cost to monitor and coordinate activities with downstream partners and upstream suppliers
and reduce the need for costly/risky vertical M&A. The relationship between ERP, CRM, and SCM
systems and M&A may also be contingent on the characteristics of the focal firm and its industry
environment. The size of the focal firm, or the unpredictability of downstream demand, or the market
power of suppliers, may encourage focal firms to use ownership-based (or information-based)
coordination, and ERP, CRM, and SCM systems may be related with more (or less) M&A. Thus, the
goal of this paper is to examine the relationship between ERP, CRM, and SCM systems and horizontal,
vertical, and conglomerate M&A.
This study uses a panel dataset of 707 Fortune 1000 firms that executed 1,973 M&A deals from
2009 to 2014 and makes key theoretical and empirical contributions. The theoretical contribution of this
paper is to explicate how by reducing agency and transaction costs, enterprise systems such as ERP, CRM
and SCM systems may influence the likelihood of horizontal, vertical, and conglomerate M&A. The
empirical contribution of this study is the finding that ERP, CRM, and SCM systems are related with
horizontal, vertical, and conglomerate M&A in distinctive ways. Since ERP systems can reduce internal
coordination costs, ERP systems are related with horizontal and conglomerate acquisitions, and that this
effect is stronger for larger firms; and since CRM and SCM systems can reduce the cost of coordination
with downstream partners and upstream suppliers, CRM and SCM systems are associated with the
reduced likelihood of vertical M&A. However, if the focal industry faces very unpredictable demand, or
if the supplier industry is very concentrated, CRM and SCM systems are related with more vertical M&A
as CRM and SCM systems can reduce the (internal) coordination cost associated with operating a larger
firm, thus enabling the firm to engage in ownership-based coordination.
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THEORY AND HYPOTHESES

The optimal boundary of the firm is influenced by the tradeoff between internal and external coordination
costs (Gurbaxani and Whang 1991). If enterprise systems reduce internal and/or external coordination
costs, enterprise systems may affect M&A. When a firm makes an acquisition there are two main types of
internal coordination costs: (i) a one-time cost of integrating the acquisition, and (ii) a change in the
recurring cost of operating a larger firm. The one-time integration of an acquisition involves rationalization
of business processes of the acquirer and the target firm (Sarrazin and West 2011). In this regard, the
adoption of enterprise systems to replace legacy systems and custom built applications has increased the
level of standardization of applications and reduced the overall cost and complexity of post-merger
integrations (Sarrazin and West 2011; Ernst & Young 2011). Thus, enterprise systems can impact the onetime cost of integrating an acquisition as the acquirer can replicate the enterprise system modules/processes
in the acquired firm.1
However, in addition to the one-time integration cost, another important cost of integrating
acquisitions is the recurring cost of operating a larger (i.e., the focal and the acquired) firm. If enterprise
systems reduce internal coordination costs by reducing the recurring cost of operating a larger firm, firm
boundary may extend as enterprise systems may encourage firms to achieve economies of scale through
M&A. However, if enterprise systems reduce the external coordination cost associated with coordinating
with customers and suppliers, enterprise systems may decrease the likelihood of M&A activities since
firms can realize the benefits of scale and integration without the commitment and risks associated with
acquisitions (Afuah 2003; Kim and Mahoney 2006). The principal theoretical argument of this paper is
that the optimal boundary of the firm is drawn based on the tradeoff between the recurring cost of internal
coordination, in the case an acquisition is made; and the recurring cost of external coordination, in case no
acquisition is made and the focal firm coordinates with external partners.2 Thus, if enterprise systems

1

Marchand et al. (2003) describe how CEMEX grew into a global organization by acquiring and integrating
acquisitions by replicating standardized business processes.
2
This is not to say that the one-time integration cost is less important. It is just that since prior work has emphasized
the one-time integration cost (e.g., Tanriverdi and Uysal, 2011), we focus on the recurring cost of integration.
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reduce the recurring cost of operating a larger firm, we should see more M&A; and if enterprise systems
reduce the recurring cost associated with coordinating activities with external partners, we should see
fewer M&A. Using agency theory and transaction cost economics we present a coordination cost based
framework that is employed to study how ERP, CRM, and SCM systems may affect M&A by influencing
the tradeoff between the recurring cost of internal coordination, if an acquisition is made; and the recurring
cost of external coordination, if no acquisition is made.
2.1 Agency Theory, Transaction Cost Economics and the Boundary of the Firm
2.1.1

Agency Theory

In agency theory, a firm is viewed as a nexus of contracts among self-interested individuals—principal
and agents (Gurbaxani and Whang 1991; Alchian and Demsetz 1972; Jensen and Meckling 1976). Under
these contracts, the agent has his or her objective the maximization of the agent's individual utility. Due to
the discrepancy between the objectives of agents and the principal, agency cost is incurred by the
organization. Agency cost includes the cost of monitoring the agents, bonding cost caused by the agent
documenting and reporting his/her activities, as well as the residual loss (Gurbaxani and Whang 1991;
Jensen 1985). When decision rights are located at the bottom of the hierarchy, information needs to be
moved up through the hierarchy to top management. This generates another type of cost due to the
transfer of information—decision information costs, which includes the cost to relocate information as
well as opportunity costs due to poor or delayed information (Gurbaxani and Whang 1991). The sum of
agency costs and decision information costs is referred to as the internal coordination cost.
2.1.2

Transaction Cost Economics

Transaction cost economics posits that there are costs in using a market as a coordination mechanism and
that the firm is an alternative mechanism that facilitates economizing on market transaction costs
(Gurbaxani and Whang 1991). The firm's cost for producing or procuring a given component is the sum
of the production cost and the transaction cost and the firm’s sourcing decision is chosen to minimize this
total cost (Clemons et al. 1993; Coase 1937; Williamson 1975). Although market suppliers can provide a
6

component at a lower cost due to economy of scale and specialization, using the market involves
significant transaction costs: finding a reliable supplier, contracting, monitoring and enforcing the
contract, and coordinating with the supplier for the duration of the contract (Clemons et al. 1993). These
transaction costs are also known as external coordination cost.
Clemons and Row (1992) further break transaction costs into costs of coordination and costs of
transaction risk. Costs of coordination include the cost of exchanging information and incorporating that
information into decision processes, as well as the cost incurred by the firm due to delays in the
communication channel. Transaction risk is the possibility of opportunistic behavior by another party to
the relationship, leading to uncertainty surrounding the level and division of the benefits from the
increased integration of decisions and operations (Clemons and Row 1992). Information asymmetries,
differences in bargaining power, incomplete or unenforceable contracts, relationship-specific investments,
low number of potential suppliers and loss of resource control are all factors that can lead to high
transaction risk (Clemons et al. 1993). The first column of table 2 summarizes the coordination cost based
framework that is used to study how ERP, CRM and SCM systems are related with firm boundary and
M&A activities of firms.
2.2 Enterprise Systems and M&A Activities
Enterprise systems comprise a modular suite of software applications that enable firms to implement
standardized processes across the enterprise. ERP systems are used to manage internal operations, CRM
systems are used to organize activities with downstream partners including customers, and SCM systems
are used to coordinate activities with upstream suppliers. This section describes ERP, CRM, and SCM
systems and then uses the coordination cost framework discussed above to examine how ERP, CRM, and
SCM systems may be associated with M&A activities.
2.2.1

ERP Systems

ERP is an enterprise system which manages enterprise data and provides integration across enterprise
functions (Gefen and Ragowsky 2005; Stratman 2007). The implementation of ERP systems typically
7

requires that the terminology being used by different departments be standardized so that a common,
organization wide database can be built (Barki and Pinsonneault 2005).

This centralized database

captures the transactions processed by ERP modules and provides a real-time view of core business
processes. ERP systems also standardize business processes and support cross-functional business
processes. These cross functional business process modules enable communication across functions that
run through different departments and facilitate organizational integration. In this way ERP systems
enable visibility and coordination wherever there is interdependence among business units (Stratman
2007; Ferdows 2006).
2.2.1.1 ERP Systems and M&A Activities of the Firm
One key impact of ERP systems is reducing internal coordination costs. ERP systems reduce agency
costs. ERP systems support the central functions such as finance and accounting; operational processes
such as order processing and fulfillment; and human resource management processes such as
compensation, benefits administration, and performance management. These back-office functions
replace part of the human agent work and therefore decrease agency costs. Similarly, by standardizing
processes that minimize individual discretion, ERP systems decreases agency costs. Furthermore, ERP
systems employ a single database for the entire enterprise. The use of common field definitions across
different parts of the organization eases the process of recording and reporting to management, thereby
reducing monitoring and bonding costs (Gattiker and Goodhue 2000).
Second, decision information costs are also mitigated by ERP systems because of real-time view
of core business processes. ERP systems enable business process integration as tightly-coupled ERP
modules facilitate coordination among subsystems. This results in direct access to real-time operating
information. Thus, top management can access local information and make informed decisions.
Therefore, by reducing agency and decision information costs, ERP systems can reduce internal
coordination costs. When internal coordination costs are reduced, firms can achieve economies of scale
by making acquisitions, as ERP systems can reduce the internal coordination cost associated with
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operating a larger firm.3 Thus ERP systems may encourage firms to make acquisitions, specifically
horizontal and conglomerate acquisitions. Column 2 of table 2 summarizes the impact of ERP systems on
internal coordination cost.
Moderating Effect of Firm Size. The ability to identify new opportunities and organize effectively to
take advantage of these opportunities are important sources of competitive advantage (Hendricks et al.
2007). In this regard, larger firms are likely to have a greater number of pre-existing ties which provide
useful information to evaluate the benefits and risks in acquiring these potential targets (Trichterborn et
al. 2015). Thus, larger firms have more opportunities to achieve economies of scale by acquiring and
integrating target firms. However, larger firms also face greater diseconomies of scale because of their
size, as internal coordination cost is higher at larger scale. The benefits of ERP systems from reduction in
agency and decision information costs would therefore be greater for larger firms than for smaller firms.
Thus, larger firms with ERP systems are likely to derive a greater decrease in internal coordination cost
compared to smaller firms with ERP system, and ERP systems would provide greater incentives to larger
firms to engage in M&A. Accordingly, we expect firm size to positively moderate the relationship
between ERP systems and horizontal and conglomerate acquisitions. Therefore, we hypothesize that,
Hypothesis 1: Existence of ERP systems will be positively related with horizontal and
conglomerate M&A;
Hypothesis 1(a): Firm size will positively moderate the relationship between the existence of ERP
systems and horizontal and conglomerate M&A.
2.2.2

CRM Systems

CRM systems provide a standardized method for collecting and sharing customer interactions and offer a
combination of transactional and analytical features to manage different customer-facing operations.

3

Trinity Health, by migrating the hospitals they acquire into their ERP platform, are able to bring their knowledge
of drug order sets and patient acuity to the operations of target firms (Tanriverdi and Du 2011b). For instance, when
a new regulation regarding clinical practice to ensure patient safety goes into effect, these changes are reflected in
the centralized clinical guidelines systems so that all clinics in the hospital system change their medical practice to
be compliant with regulation the same day. This illustrates the ability to achieve clinical compliance that are
significant drivers of agency cost in the healthcare industry. In this way the ERP systems reduce the internal
coordination cost of operating a larger hospital system, and thereby provide the incentive to engage in horizontal
M&A.
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Typically, CRM systems support three functions: sales and customer service, marketing, and partner
relationship management (Oracle Siebel CRM4). Sales applications aid activities from lead qualification
to deal closure. These systems improve interaction with customers by giving everyone in the organization
access to a single source of truth via a customer repository. The marketing component of CRM systems
supports marketing activities and helps to track campaign effectiveness, and measure return on marketing
programs in order to optimize marketing mix and spend. The partner relationship management component
of CRM systems enables firms to share information with partners and manage partner relationships. This
includes recruiting partners, defining partner goals and strategies, matching and routing leads to partners,
joint marketing activities with partners, and partner performance analysis and rewards.
2.2.2.1.

CRM Systems and M&A Activities of the Firm

CRM systems can decrease both the internal and external coordination costs of the focal firm. CRM
systems can reduce internal coordination cost due to lower agency and decision information costs. Agency
costs are lowered by decreasing monitoring costs. CRM systems make it easier for management to gain
information about the performance of sales and customer service employees. CRM systems enable sales
managers to schedule, monitor, and track sales activities. Similarly, CRM systems enable firms to
supervise and monitor customer service activities. CRM systems also reduce agency cost by enabling
firms to evaluate the effectiveness of different marketing programs so that marketing dollars can be
allocated more efficiently. For example, CRM systems help track campaign effectiveness, and measure
return on marketing programs. This enables firms to optimize marketing mix and spend, and help make
more well-informed decisions.
CRM systems can also reduce decision information costs. CRM systems deliver critical
information to everyone involved in the sales process, including field sales, sales management, and
channel partners to ensure that all users have current and consistent information they need to make
informed decisions. CRM systems also decrease the opportunity cost caused by poor information. The

4

Retrieved from http://www.oracle.com/us/products/applications/siebel/overview/index.html
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information provided by CRM systems along with real-time reporting and historical analytics enable
management to make better decisions. In this way, by reducing agency and decision information costs,
CRM systems reduce the internal coordination costs associated with coordinating downstream activities.
If CRM systems reduce the cost of coordinating downstream activities, firms can achieve economies of
scale by conducting downstream activities on a larger scale. When firms can coordinate downstream
activities on a larger scale, they have the incentive to make downstream acquisitions.5
Besides internal coordination costs, CRM systems can also reduce external coordination costs by
decreasing cost of coordination with customers and transaction risk. The cost of coordination with
customers is decreased through the adoption of CRM systems. The process of ordering and order-tracking
is automated by CRM systems. CRM systems enable firms to create, validate, and manage quotes and
orders. They support pricing, availability checking, and credit and payment verification to ensure that
orders are complete, valid, and accurate, before they are delivered to the customer. CRM systems also
provide a single source of truth that eases communication between sales employees and customers; thus
fewer mistakes are made, and requests are delivered in a timely manner.
Furthermore, CRM systems decrease transaction risk by reducing information asymmetry. First,
sales employees are better informed with CRM systems to guide their decision making. CRM systems
give sales employees the information they need to take action and conduct intelligent interactions with
customers. Second, with CRM systems, channel partners’ information also becomes more transparent.
The partner relationship management component provides evaluation on sales, service, and marketing
activities conducted with partners in order to assess partner performance. Thus, partners’ performance
becomes more transparent to the focal firm. Consequently, CRM systems reduce the cost of coordination
5

EMC acquired Documentum and moved all of Documentum’s products onto EMC's CRM platform (Tanriverdi
and Du 2011a). Having Documentum’s products incorporated in the EMC’s CRM system allowed the salesforce
(that now included the salesforce of Documentum) to include Documentum products along with EMC's products in
customer proposals. The CRM system thus reduced the agency and decision information cost associated with the
salesforce of EMC and Documentum. The CRM system thus lowered EMC’s cost of operating a larger firm with a
more diverse product portfolio, and a larger salesforce and customer base, thereby justifying the acquisition of
Documentum.
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and transaction risk with external customers/partners. In this way, CRM systems reduce the external
coordination cost of coordinating with downstream partners and reduce the need to make risky
downstream acquisitions. Column 3 of table 2 summarizes the impact of CRM systems on internal and
external coordination costs.
From the above discussion, we can see that CRM systems can influence the vertical boundary of
the focal firm in both directions; if the impact of decreasing internal coordination cost is higher, CRM
systems may be related with more vertical M&A as ownership-based governance is more efficient.
However, if the impact of decreasing external coordination cost is stronger, CRM systems may be
associated with a smaller vertical firm i.e., fewer vertical M&A activities as information-based
governance is more efficient overall. Given that acquisitions are risky (Capron and Pistre 2002), we
hypothesize that CRM systems are associated with fewer vertical M&A activities.
Moderating Impact of Industry Dynamism. Environmental uncertainty is recognized as an important
influence on firm actions in the management and IS literatures (Keats and Hitt 1988). When the focal
firm’s industry is dynamic, industry sales are uncertain and unpredictable. Strategies and tactics such as
long-term contracts and vertical integration are used to create a more predictable environment (Dess and
Beard 1984). Thus, focal firm industry dynamism may moderate the relationship between CRM systems
and vertical M&A. First of all, dynamism increases external coordination cost by increasing: (a) cost of
coordination with customers, and (b) transaction risk. A focal industry being highly dynamic implies
possible frequent price fluctuations, regular turnover of customers, and the necessity for timely and more
communication between the focal firm and its customers. All these scenarios lead to a higher cost of
coordination with customers. The focal industry being more dynamic also implies a higher transaction
risk. Under unpredictable and volatile demand, information asymmetry between the focal firm and its
customers is higher. Also, long-term contracts are harder to form as a result of the unpredictability of the
future. The problem of incomplete or unenforceable contracts also deteriorates since it is difficult for the
contract to unambiguously cover all contingencies in a dynamic environment. Thus, dynamism increases
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the external coordination cost of the focal firm by increasing costs of coordination and transaction risk.
Dynamism also increases internal coordination cost by increasing agency cost. Agency theory (e.g.,
Jensen and Meckling 1976) suggests that it is more difficult for the principal to monitor and evaluate
individuals’ decisions in uncertain environments. When demand is dynamic, it is harder for the sales
managers to decide if good/poor performance is due to volatility of demand or due to lack of
salesperson’s efforts.
Firms may strive to manage the dynamism induced increase in internal and external coordination
cost by using the internal coordination capabilities of CRM systems. That is, firms may reduce the cost of
coordinating with downstream partners by acquiring and integrating them, rather than dealing with the
higher uncertainty of coordinating with an external partner (Salinger 1988; Hart et al. 1990; Ordover et al.
1990). In other words, though dynamism may increase internal coordination costs, it may increase
internal coordination costs less than the increase in external coordination costs. That is, since CRM
systems can reduce the internal coordination cost of coordinating downstream activities, the focal firm
may deal with industry dynamism by acquiring and integrating downstream partners; and industry
dynamism may weaken any negative relationship between CRM systems and vertical M&A. Therefore,
we propose:
Hypothesis 2: Existence of CRM systems will be negatively related with vertical M&A;
Hypothesis 2(a): If CRM systems are negatively related with vertical M&A, focal firm industry
dynamism will weaken this relationship.
2.2.3

SCM Systems

SCM systems support collection and sharing of information involved in the procurement of inputs;
managing supplier interactions; and handling the logistics of storage and movements of raw materials,
intermediate and finished goods. SCM systems typically support processes including demand planning
and forecasting, supplier management, supply chain logistics, and inventory and returns management.
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2.2.3.1 SCM Systems and M&A Activities of the Firm
SCM systems can reduce internal coordination costs in the supply chain (Lee et al. 1997). SCM systems
allow firms to share demand, production planning, and inventory information in real time so that the focal
firm can monitor raw materials procurement, production, and delivery of inputs (output) to its facilities
(customers). Thus, the increased visibility to events in the supply chain reduces agency cost for the focal
firm. SCM systems also reduce decision information costs in the supply chain. When a supply chain event
doesn't occur on schedule the disruption can affect the supply chain process in many ways. By sharing
scheduled and actual, demand, production, and delivery information in real time, SCM systems enable
firms to adapt to disruptions. Thus, by reducing agency and decision information costs, SCM systems
reduce the internal coordination cost associated with an integrated supply chain. If SCM systems reduce
the cost of operating an integrated supply chain, firms can achieve economies of scale by engaging in
vertical acquisitions. Thus, by reducing the internal coordination cost of operating a vertically integrated
supply chain, SCM systems provide the incentive for vertical acquisitions.6
SCM systems also provide firms the ability to streamline information exchange with their
suppliers and reduce external coordination costs (Vollman, et al. 2005). SCM systems enable firms to
transact electronically with suppliers and reduce the costs of coordination through lower cost of
exchanging information, fewer delays, and less miscommunication. For instance, using SCM systems,
retailers can provide real time point of sale data (POS) to suppliers so that suppliers can schedule
production and plan inventory replenishment that reduces warehousing and inventory costs in the supply
chain. Such inter-organizational coordination allows firms to integrate their business processes with their
suppliers’ business processes and achieve quasi-integration (Zaheer and Venkatraman 1994).
SCM systems also lower transaction risks by enabling firms to define and track commitments and
ensure compliance. SCM systems can reduce transaction risks by continuously monitoring compliance

6

Office Depot bought OfficeMax. Office Depot’s ability to derive value from this acquisition will depend on the
Office Depot’s SCM system’s ability to rationalize and integrate OfficeMax’s distribution centers in the Office
Depot supply chain. (Brown, Abram. Forbes.com. 2/18/2013, p5-5. 1p.)
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with order terms such as on-time deliveries and product performance against contractual commitments,
and notify interested parties when a compliance issue arises. Also, as SCM systems can monitor real-time
business process events, they can sense exception conditions and respond with alerts and notifications to
appropriate users and partners. For instance, firms in high technology industries can monitor deliveries by
their authorized distributors to ensure regulatory compliance with export controls for their products.
Column 4 of table 2 summarizes the impact of SCM systems on internal and external coordination costs.
In sum, SCM systems are important influences on vertical M&A due to their impact on internal
and external coordination costs. On one hand, the internal coordination capabilities provided by SCM
systems can reduce agency and decision information costs associated with operating a larger and more
vertically integrated supply chain. This ability to coordinate a larger and more integrated supply chain
motivates firms to expand firm boundary through the acquisition of suppliers. However, while the
efficiencies of internal coordination from SCM systems can increase the motivations to engage in vertical
M&A activities, M&A are risky (Capron and Pistre 2002). Since SCM systems can also reduce external
coordination cost of coordinating with suppliers, they offer a means to realize the potential benefits of
integration without the cost and risk associated with vertical M&A. Therefore, by lowering costs of
external coordination, SCM systems may lead firms to coordinate their supply chain activities through
information-based governance rather than through vertical M&A and asset ownership.
Moderating Effect of Supplier Concentration. Supplier concentration may moderate the relationship
between SCM systems and vertical M&A by increasing external coordination costs. As an important
source of external coordination cost, transaction risk increases with the lack of bargaining power
(Clemons et al. 1993). When the number of potential suppliers for a product is low, the supplier may
attempt to exploit the focal firm’s dependence on it (Clemons et al. 1993). For example, the supplier may
try to charge higher price which leads to a higher renegotiating cost. Also, the focal firm might have to
invest in relationship-specific investments due to the lack of alternative sources of supply, which further
deteriorates the holdup problem. In this regard, since SCM systems can reduce internal coordination costs
associated with operating a larger and more integrated supply chain, as supplier concentration increases,
15

the focal firm may acquire suppliers to engender a more predictable environment. In other words, as
supplier concentration increases, SCM systems are likely to be associated with an increase in vertical
M&A. Therefore, we propose the following hypotheses,
Hypothesis 3: Existence of SCM systems will be negatively related with vertical M&A;
Hypothesis 3(a): If SCM systems are negatively related with vertical M&A, supplier industry
concentration will weaken this relationship.
3

METHODOLOGY

3.1 Data and Sample
We study how a focal firm’s (i.e., potential acquirer’s) ERP, CRM and SCM systems affect the number of
M&A the firm makes. Our sample comprises North American Fortune 1000 firms from 2009 to 2014.
The unit of analysis is a firm-year i.e., the type and number of M&A a focal firm makes in a given year.
This study has four major data sources. First, explanatory variables including ERP, CRM and SCM
system implementation information are obtained from the Harte-Hanks CI database. Second, the M&A
data is collected from the SDC Platinum Mergers and Acquisitions database. Third, the industry
relatedness data and industry level control variables including industry concentration are drawn from the
Bureau of Economic Analysis (BEA) and the Census Bureau of United States. Finally, focal firm industry
dynamism and firm level control variables are calculated from the COMPUSTAT database.
From the SDC Platinum Mergers and Acquisitions database, we obtain all the mergers and
acquisitions completed between 2009 and 2014 with the acquirer being in North America7. The SDC
Platinum Mergers & Acquisitions data and the ERP, CRM, and SCM system information from HarteHanks are merged based on the exchange and ticker information from Harte-Hanks and the SDC
database. M&A transactions are categorized into horizontal, vertical, and conglomerate M&A deals based
on the Vertical Relatedness Index (VRI) (Fan and Goyal 2006) and the industries that the acquirer and

7

We removed all the deals that were listed as: (a) repurchases, self-tender offer, recapitalization, buyback, exchange
offer, spinoff, or divestiture (this is consistent with Shenoy 2012) and (b) deals that have either the acquirer or target
being in the public sector (2-digit North American Industry Classification system being 92). We removed all the
deals involving the public sector because in the BEA input-output table the mapping between IO and the NAICS
public sector is not available.
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target are in. VRI, as defined immediately below, is calculated from BEA Use Tables 2007 (before
redefinition/producer value) with 388 industries. Finally, the data is aggregated to the firm-year level with
the dependent variables being the number of horizontal, pure vertical, and conglomerate M&A that the
focal firm made each year. This process results in a final sample of 707 unique firms across six years
from 2009-2014 totaling 3,208 firm-year observations. These firms come from 180 Input-Output (IO)
industries8. From year 2009 to 2014, they made 1,973 M&A deals in total.
3.2 Variables and Measurements
3.2.1

Dependent Variables

The dependent variables in this study include the number of horizontal, pure vertical, and conglomerate
M&A in each firm-year. The assessment on whether an M&A deal is a horizontal, pure vertical, or
conglomerate M&A is based on the primary industries that the acquirer and target firms are in, as well as
the amount of input/output flow between these two industries. Using the Input-Output Use table from
BEA we construct a continuous Vertical Relatedness Index (VRI) for every industry pair. For each
industry pair i and j, the VRI is defined as the maximum of the dollar value of input from industry i (j) in
order to produce one dollar of industry j (i)’s output. Based on the VRI and the industries that acquirer
and target firms are in, the dependent variables are defined as follows (the criteria is consistent with Fan
and Goyal 2006):
Table 1: Definitions of the dependent variables
Dependent Variables

Definitions

Horizontal M&A

A horizontal M&A is defined as a merger or acquisition between firms
belonging to the same IO industry.

Pure vertical M&A

A pure vertical M&A refers to a merger or acquisition between firms
belonging to different IO industries, and having VRI higher than 1%9.

Conglomerate M&A

A conglomerate M&A is a merger or acquisition between firms in different
IO industries that have low vertical relatedness (VRI lower than 1%).

8

We use the BEA (Bureau of Economic Analysis) defined input-output industries as our definition of an industry.
There were 389 industries in total in 2007.
9
In the analysis, we also present results with 0% and 5% cutoffs.
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The choice of these three dependent variables has many advantages. First, horizontal, pure vertical,
and conglomerate M&A add up to the total number of M&A, so there is no double counting of M&A.
Also, since ERP systems influence internal coordination costs, they may affect horizontal and
conglomerate M&A; and since CRM and SCM systems influence internal and external coordination
costs in vertical coordination, they may affect pure vertical M&A.
3.2.2

Independent Variables

The key independent variables are ERP, CRM, and SCM systems in the firm. The information about these
systems exists at the site level. We aggregated the site level availability of the systems to the firm level by
weighting with the number of employees at the site.
ERP System. The ERP system variable was constructed using Principal Component Analysis (PCA) on
three modules: accounting/finance (ACC), human resources (HR) and workflow (WORKFLOW)
software. Harte-Hanks database provides information on ACC, HR and WORKFLOW module
implementation on each site (1 if implemented, 0 otherwise). ACC, HR and WORKFLOW module
implementation at the site was weighted using the number of employees to generate firm-level module
implementation. Then we conducted PCA on the firm-level ACC, HR WORKFLOW module
implementations. From the result of the PCA, we take the first principal component (it has an eigenvalue
of 2.3 and is the only component with an eigenvalue higher than 1) as our measure of ERP system.
CRM and SCM Systems. Harte-Hanks collected information on CRM and SCM system module
implementation at the site level (1 if implemented, 0 otherwise). We aggregated the site-level CRM and
SCM system information to the firm level by weighting them using the number of employees at the site.
The second key independent variable is the size of the focal firm. This is measured as the standardized
total number of employees in the firm (standardized to mean 0 and standard deviation of 1). The third
independent variable is dynamism of the focal firm industry. Dynamism refers to the volatility and
unpredictability of the changes that a business unit has to deal with (Keats and Hitt 1988). Following
Keats and Hitt (1988), dynamism is measured as the volatility of industry sales. Sales volatility is
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measured using a two-step procedure. First, the natural logarithm of the total sales of IO industries is
regressed against an index variable of years, over a period of five years. Second, the antilog of the
standard error of the regression coefficient is used as the measure for sales volatility. The intuition behind
this measure is that the standard error of the regression coefficient reflects the unpredictability of the sales
growth rate. The fourth key independent variable is supplier industry concentration. Supplier industries
are recognized by BEA Use Tables 2007—any industry that has goods inflow into the focal firm industry.
Since one focal firm can have multiple supplier industries, supplier industry concentration is a weighted
average of the industry concentration measured by Herfindahl-Hirschman Index (HHI) of all the supplier
industries as recognized above. For each IO industry, HHI is not directly available from US Census. We
calculated IO industry HHI by following these two steps: (1) Use the sales (or receipt, revenue) for the
largest 4, 8, 20, 50 and all firms for each industry defined at the 6-digit NAICS level to construct the HHI
for each NAICS industry; (2) HHI at IO industries is calculated as a weighted average of NAICS HHI
(the weight being the square of sales share of each NAICS industry in the IO industry).
3.2.3

Control Variables

Existing research on M&A identifies a number of variables that influence M&A. At the firm level, we
control for the level of vertical integration and diversification. A more vertically integrated firm may have
greater propensity to engage in vertical M&A. We also control for the level of related and unrelated
diversification (Fan and Lang 2000). Firms with high level of related diversification may engage in more
horizontal M&A and firms with high level of unrelated diversification may engage in conglomerate
M&A.
We also control for the size and financial condition of the focal firm. Multiple studies report the effect
of the size of acquirer, where large firms are known to make more acquisitions. Thus, we use standardized
total number of employees to control for the size of the focal firm (Hannan and Freeman 1984). Acquirer
performance is also an important factor in M&A as more successful firms may engage in more M&A.
Acquirer firm performance is measured as net income divided by total asset of the acquirer from the
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previous year. Organizational slack has also been linked to M&A (Lang et al. 1991) as firms with more
slack may engage in more M&A. Acquirer slack is calculated as the focal firm’s cash in hand in the
previous year, divided by total asset (Lang et al. 1991). We also control for other information technology
at the firm, including number of PCs and servers per employee and the proportion of IT employees in
total employees. These variables measure the level of IT investment and IT capabilities in the focal firm.
At the industry level, we control for the concentration and munificence of the focal industry. Industry
concentration controls for the level of competition in the industry that may influence M&A. Industry
concentration is measured using the Herfindahl-Hirschman Index (HHI) from 2007 Economic Census.
Munificence refers to the opportunities for growth in an industry that may also influence M&A (Dess and
Beard 1984). Following Keats and Hitt (1988), we use the growth in industry sales to measure
munificence. Industry conditions such as the total volume of M&A activities in the industry are also
known to affect acquirer’s behavior (Bergh and Lawless 1998). Thus we control for total number of
M&A in the acquirer industry in the current year (aggregated from SDC data) as well.
3.3 Empirical Strategy
The baseline specification is a negative binomial regression. In order to mitigate potential endogeneity,
we also employ instrumental variables to address the possibility of selection and omitted variable bias.
Finally, to better support a causal relationship between enterprise information systems and M&A, we also
explore the within-firm variation in the data. We conduct a Coarsened Exact Matching (CEM) procedure
(Iacus et al. 2011a; Iacus et al. 2011b; Ho et al. 2007) to identify our treated and control samples (firms
that implemented one of the three enterprise information systems are recognized as the treated group;
those who did not implement any system are considered the control group). Using this matched sample,
we employed a difference-in-difference (DD) analysis to explore how the implementation of a system
changes a firm’s decision on M&A.
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3.3.1

Baseline Model: Negative Binomial Regression

Our baseline empirical strategy employs a pooled negative binomial regression with the M&A counts per
firm-year as the dependent variables. As an extension of the Poisson regression, a negative binomial
regression is used to estimate models of counts of an event when the event has extra-Poisson variation in
the form of over-dispersion. A formal test of the null hypothesis of equi-dispersion rejects the null
hypothesis of equi-dispersion (Cameron and Trivedi 2010). Therefore, a negative binomial model is more
appropriate than a Poisson regression. We estimate the negative binomial model with robust standard
errors, clustered by firm with year fixed effects.
3.3.2

Instrumental Variables

In order for the estimation in the baseline model to be consistent, we are functioning under the assumption
that there is no unobservable in our baseline model that is correlated with both the M&A activities and
ERP, CRM and SCM system implementation of the firm. There are scenarios under which this
assumption may be violated. For example, a manager who seeks more power may decide to expand the
firm and at the same time install an ERP system to get better access to local information. In order to
address omitted variable bias and potential simultaneity, we estimate Poisson regression with instrumental
variables.
The first set of instrument variables include the total IT employment (IT-EMPLOYMENT) and
weighed average annual IT salary (IT-SALARY) in each Metropolitan Statistical Area (MSA) from the
previous year (standardized to mean = 0 and standard deviation = 1). This data is collected from the US
Bureau of Labor Statistics. It contains the total employment and mean annual wage of computer related
occupations in each of the 385-399 MSAs. We weighted the mean annual wage of each IT occupation in
each MSA by the IT employment to calculate IT-SALARY for each MSA year.
The second set of instrument variables include ERP, CRM and SCM system implementation in
the focal MSA and industry (MSA-IND-ERP, MSA-IND-CRM and MSA-IND-SCM). MSA-IND-ERP is
calculated as follows: (1) Harte-Hanks database provides detailed information on 500,000 sites in the US
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for each year. (2) Each site-year is categorized into a specific MSA (using the zip code of the HarteHanks site)-industry (using 2-digit SIC code). (3) The variable MSA-IND-ERP is calculated as the
weighted ERP system score of all the sites within that MSA and industry (the weight used here is the
number of employees at the site in that year). MSA-IND-CRM and MSA-IND-SCM are constructed the
same way.
Valid instrumental variables need to satisfy two conditions: (1) they have to directly influence
ERP, CRM and SCM systems, and (2) they have to be exogenous, i.e., that they cannot affect M&A other
than through the ERP, CRM, and SCM system variables. First of all, both sets of our instruments directly
affect the explanatory variables. MSA IT employment and salary reflect the availability of local IT
labor/skill that is relevant to ERP, CRM and SCM system implementation and the cost of using such
labor pool. Therefore, these two IVs affect focal firm ERP, CRM, and SCM system implementation
through IT labor demand and supply. MSA-IND-ERP, -CRM, -SCM influence the implementation of
focal firm’s ERP, CRM, SCM system through local peer influence. A focal firm that is in a MSA-industry
where ERP, CRM, SCM system implementation is common is more likely to implement ERP, CRM,
SCM system as well. For example, if peers have implemented an enterprise system, it would lower a
firm’s cost of implementing the enterprise system because of the ability to learn from prior
implementation by peers. We also conducted formal tests of weak IV. The first stage result shows (see
more details in table 6) that these IVs are significantly correlated with the endogenous variables.
Second, these two sets of IVs also meet the exclusion restriction condition. For the first set of IVs ITEMPLOYMENT and IT-SALARY, we take their one-year lag to remove the possible scenario that the
focal firm inflates the local IT employment and salary due to a large scale M&A. It is quite unlikely for
the MSA IT employment and salary from the previous year to directly influence the focal firm’s decision
on a M&A deal. We argue that given the strategic significance of M&A, it is improbable for a focal firm
to forego an otherwise attractive deal simply due to low availability or high cost of IT skills locally, since
there are other options to fill the IT skill gap, for example through outsourcing. Similarly, it is also quite
improbable for a focal firm to conduct a M&A deal solely because it sees an opportunity to take
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advantage of an over-supply or low cost of local IT labor. In addition, we also argue that the second set of
IVs only affects M&A through the implementation of these systems at the focal firm. If MSA-IND-ERP,
-CRM, -SCM directly influences the focal firm’s decision on a M&A deal, they are most likely to do so
through affecting a firm’s performance, cash in hand, or product market competition. First, in our IV
models, all these three variables are controlled for. Second, it is unlikely for these IVs to affect the focal
firm’s M&A through better performance of competitors due to the implementation of ERP, CRM and
SCM system in these firms (i.e., focal firm’s performance or cash in hand worsens compared to
competitors due to the implementation of ERP, CRM and SCM system in the competitors). This is
because MSA-IND-ERP, -CRM, -SCM are weighted averages of multiple sites in the focal firm from
different MSAs and industries; they do not measure the availability of these systems in one single MSA
or industry. Therefore, these IVs capture the local peer influence of the systems without impacting either
the focal firm or its competitors’ performance.
3.3.3

Coarsened Exact Matching (CEM) and Difference-in-Difference (DD)

In order to further examine the evidence we find in the negative binomial regressions and the models with
IVs, we run three sets of DD analysis (one for each of the systems) to explore within firm variation in
how the implementation of ERP, CRM and SCM systems affects the likelihood of horizontal, pure
vertical and conglomerate M&A at that firm.
CEM is a non-parametric data preprocessing (matching/pruning) method that belongs to the
“monotonic imbalance bounding” (MIB) class. Compared to the other major class of matching method
“equal percent bias reducing” (EPBR), of which propensity score matching (PSM) is an example, MIB
method has many desirable statistical properties. First of all, MIB eliminates many of the assumptions
required for unbiased estimates of treatment effects in EPBR, and outperforms EPBR in most situations,
including those specifically designed to meet the EPBR assumptions (Iacus et al. 2011b). Second,
matching methods aim to reduce imbalance in the data in order to reduce model dependence in the
estimation of treatment effects and therefore improve causal inference. MIB reduces imbalance on all the
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moments of the data, while EPBR only reduces the mean imbalance. Furthermore, with CEM researchers
can control and set up the imbalance reduction for each of the variables independently. Third, whereas
methods such as PSM require determining ex ante the size of the matched control sample, then ensuring
balance ex post, CEM does not fix the size of the control units’ ex ante but chooses the imbalance level ex
ante (Iacus et al. 2011a). Thus, with the CEM method researchers have a better control over the imbalance
level of the sample.
We use the ERP system as an example to illustrate how the sample for the ERP DD analysis is
constructed. First, we define the treated group as any firm that implemented ERP system but did not
implement CRM or SCM system between 2006 and 2014. The control group is defined as any firm that
did not implement ERP, CRM and SCM system in the same time frame. Second, we exactly matched the
control firms to the treated firms based on industry code and the size of the firm in 2006, specifically, 2digit SIC code and categories of total number of employees (there are four categories in total: 1-under 500
employees; 2-over 500 and under 1000 employees; 3-over 1000 and under 10,000 employees; 4-over
10,000 employees). This CEM procedure matched 12 treated to 10 control firms across 9 years from 2006
to 2014 resulting in a total of 158 observations. With an identical process, we constructed the CRM and
SCM system CEM samples. The CRM system sample consists of 31 treated firms matched to 22 control
firms with a total of 358 observations. The SCM sample is composed of 9 treated and 13 control firms
with a total of 161 observations. In each of these samples, the treated and control firms in a matched pair
are from the same industry (2-digit SIC) and employment size category.
With the above samples, we run three DD analysis. The DD approach exploits the fact that we
observe the number of M&A done by the treated and control firms both before and after the
implementation of the specific system. The before-implementation difference in M&A between the
treated and control firms serves as a benchmark against which to examine the after-implementation
difference. The DD analysis aims to use the within-firm variation before and after the implementation to
identify the impact of the ERP, CRM, and SCM system implementation. We also included the moderating
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effects of the number of employees, dynamism, and supplier industry concentration. The basic model
takes the following form:
MAit = f (τa TREATEDi + τb AFTER it + τc TREATEDi ∗ AFTER it + τaa TREATEDi ∗ MODERATORit
+ τbb AFTER it ∗ MODERATOR it + τcc TREATEDi ∗ AFTER it ∗ MODERATOR it + θx Xit
+ εit )
Here, the unit of analysis is a firm-year. i indicates the firm while t represents the year from 2006 to 2014.
TREATED is the indicator of the firm being in the treated or control group (1 for the treated firms as
defined above, 0 otherwise). For treated firms, AFTER is defined as 1 if the observation is from a year
after the implementation of the system (the year that the implementation took place is removed). For
every control firm, the year of the implementation is recognized to be the same as that of the matched
treated firm. The MODERATOR refers to each of the moderators in the baseline model: the number of
employees, dynamism, and supplier industry concentration. X it is the same list of control variables that
we used in the baseline model. We estimated linear panel model with firm fixed effects and matched pair
fixed effects, as well as pooled Poisson models.
Take ERP DD analysis as an example, τa and τaa capture the overall difference in M&A between
the treated and control firms before the implementation of ERP. τb and τbb capture the change after the
implementation for the control firms. What we are really interested in here is the estimation of τc and τcc.
They both reflect the change in the number of M&A for the treated firms after the implementation of the
system, adjusted by the time trend of M&A in the control group. τc reflects such counterfactual change
for smaller firms while τcc is the net change of M&A for larger firms.
4

RESULTS

In this section, we discuss findings from the baseline negative binomial regression model; findings after
adding instrumental variables into the baseline model; and the DD analysis using the three matched
samples for ERP, CRM and SCM system implementations respectively.
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4.1 Descriptive Statistics
As shown in table 3, on average each firm made approximately 0.19 horizontal, 0.11 pure vertical (if 1%
cutoff of VRI is used), and 0.2 conglomerate M&A every year. The correlations between ERP, CRM and
SCM systems and M&A suggest that these systems are positively related with the dependent variables.
4.2 Baseline Model: Negative Binomial Regression
Table 4 reports the baseline results. Columns 1-7 show the impact of the independent and control
variables on different dependent variables. The impact of the control variables is consistent with prior
studies. Focal industry M&A is positively related with M&A of the focal firm. Also, better performing
firms tend to engage in more M&A. As expected, more vertically integrated firms tend to expand their
vertical boundary further. Also, unrelated diversification is positively related with conglomerate M&A,
but negatively correlated with horizontal M&A. These findings increase our confidence in the empirical
models.
We discuss the results with the 1% cutoff. However, we also include the results with 0% as well
5% cutoff. The cutoff % used does not affect the number of horizontal M&A. It only affects the number
of pure vertical and conglomerate M&A. When a higher cutoff is used, there are fewer pure vertical and
more conglomerate M&A compared to when a lower cutoff is used. Due to the fact that it is difficult to
discuss the sign and size of the marginal effects (ME) in a negative binomial model with interactions, in
table 5 we report the ME of the ERP, CRM and SCM system variables at three levels of the moderators (1
standard deviation (SD) below, at mean, and at 1 SD above the mean of each of the three moderators). We
also plot these ME in figure 1. The ME in table 5 and the plots in figure 1 are based on a 1% cutoff.
In table 4, the ERP system and its interaction with the standardized number of employees has no
impact on horizontal M&A. However, the ERP system and its interaction with the standardized number of
employees show that ERP system has a positive impact on the conglomerate M&A; when a 1% cutoff is
used, this positive impact is significant (at 0.1 level) for smaller firms (column 5); under 5% cutoff this
positive impact is significant (at 0.05 level) for smaller firms (column 7); when a 0% cutoff is used, the

26

positive impact of ERP system is significant (at 0.05 level) for larger firms (column 3). In table 5, the ME
indicates that when all the other variables are at their mean level, if the ERP system increases by 1 SD,
which is 1.57, conglomerate M&A increases by 0.04 (column 3 of table 5: 0.024*1.57 = 0.04), which is
approximately a 20% increase in the mean number of conglomerate M&A (0.04/0.2 = 20%). Although
the ME is still positive when the firm is small (standardized number of employees at 1 SD below the
mean, column 3), the positive impact of ERP system is much smaller (conglomerate M&A increase by
0.004*1.57 = 0.006 when ERP system increases by 1 SD). Similarly, the positive impact of ERP system
is almost 3 times bigger when the standardized number of employees is at 1 SD above the mean than at
the mean. This moderating effect can be seen clearly in figure 1. Panel 2 indicates that ERP systems in
vast majority of the cases has a positive impact on the number of conglomerate M&A and this positive
impact increases with the size of the focal firm. This analysis supports hypothesis 1 and 1a.
In table 4, CRM system and its interaction with dynamism have a significant impact (at 0.01
level) on the number of pure vertical M&A across different cutoffs of pure vertical M&A (column 2, 4,
and 6 of table 4). Column 2, 4 and 6 show that the direction and size of the impact of CRM system on
pure vertical M&A depends on the dynamism level of the focal industry. When dynamism is low at 1 SD
below the mean, if CRM system increases by 1 SD (0.22), pure vertical M&A decreases by 0.023 (0.104*0.22, column 5 in table 5). This is approximately a 21% decrease (0.023/0.11) in the number of
pure vertical M&A. However, if dynamism is at the mean, the number of pure vertical M&A increases by
0.009 (0.042*0.22) with 1 SD increase in CRM system, which translates to an 8% increase in the number
pure vertical M&A. This positive effect becomes even higher when dynamism is high at 1 SD above the
mean (0.236*0.22=0.052); this equals to an increase of over 48% compared to the mean level of pure
vertical M&A in our sample (0.052/0.107). This moderating effect of dynamism on CRM can be seen in
panel 3 of figure 1. This is analysis supports hypothesis 2 and 2a.
In table 4, SCM systems have a negative impact on pure vertical M&A (column 2, 4, and 6 of
table 4). When the supplier industry concentration is relatively low, if 0% or 5% cutoff is used, the
negative impact of SCM system is significant at 0.01 level; under 1% cutoff, SCM system is negative and
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significant at 0.05 level. This negative relationship amplifies (weakens) when the focal firm is facing
supplier industries with lower (higher) level of concentration. This moderating effect is significant at 0.05
level (5% cutoff, column 2 and 6) and 0.1 level (0% and 5% cutoff, column4). When SCM system
increases by 1 SD (0.23), the number of pure vertical M&A decreases by 0.03, 0.02 and 0.009 (0.129*0.23, -0.091*0.23, and -0.037*0.23, column 8 table 5) when supplier industry concentration is at 1
SD below, at mean, and 1 SD above the mean. These numbers translate to a 27%, 18% and 8% decrease
in the number of pure vertical M&A. Panel 4 of figure 1 presents the same result graphically. This
analysis supports hypothesis 3 and 3a.
4.3 Poisson Regression with Instrumental Variables
In order to address the potential omitted variable bias and simultaneity problem, we estimated Poisson
models with instrumental variables. Besides the 5 IVs that we described above (IT-EMPLOYMENT, ITSALARY, MSA-IND-ERP, MSA-IND-CRM, and MSA-IND-SCM), we also interact the 5 IVs with the 3
moderators as the IVs for the interaction terms. For the estimation of the Poisson regression with
instrumental variables, we used a control function (CF) approach. The CF estimator involves two steps. In
the first step, a reduced form for the endogenous explanatory variables is estimated. In the second step,
the estimated residual from the first step as well as the endogenous explanatory variables and other
exogenous controls are included in a Poisson quasi-maximum likelihood estimation (Wooldridge 2010).
Table 6 shows the first-stage OLS results for our Poisson model with IVs. Column 1-3 has focal
firm’s ERP, CRM and SCM system as the dependent variables respectively11. The signs of the IVs are as
expected. MSA-IND-ERP is positively related with the implementation of all the enterprise systems.
MSA-IND-CRM is positively related with the implementation of ERP and CRM system (at 0.01 level) at
the focal firm. In general, MSA-IND-SCM is negatively related with ERP and CRM systems at the focal
firm but positively related with the SCM system implementation. MSA IT employment is generally

11

In table 6 we only reported the first stage result when both sets of IVs are included. We also run separate models
with only one set of IV. The result is very much consistent with what we see in table 6. This reflects that our two
sets of IVs catch different variations in endogenous explanatory variables.
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negatively related with the focal firm’s ERP, CRM, SCM system implementation (especially so for larger
firms or firms that face high supplier industry concentration). This reflects the local competition for IT
labor (IT-EMPLOYMENT reflects local demand for IT labor). MSA average IT salary is positively
related with the implementation of CRM and SCM systems, especially for larger firms. This reflects the
supply of IT labor. The F -statistics on the excluded instruments in the first-stage regression range from
55 to 101, and in all cases are significant at 1% level. We also calculated the Stock and Yogo (2005)
critical threshold for weak instruments. Since the Stock and Yogo (2005) test only report critical values
with 1, 2 or 3 endogenous regressors and between 3 and 30 instruments, we were only able to estimate the
critical values for the model without interactions. The minimum eigenvalue statistic is 190.8, which is
much higher than the critical value of 9.53. Therefore, we reject the null hypothesis that the IVs are weak.
Table 7 presents the second-stage results. The results are generally consistent with the baseline
models and the hypotheses. Column 1 indicates that ERP system has a positive impact on horizontal
M&A, when the focal firm is large (at 0.05 level). Likewise, column 3 indicates that ERP system has a
positive impact on conglomerate M&A, when the firm is larger (at 0.01 level). Also, CRM system has a
negative impact (at 0.01 level) on pure vertical M&A when dynamism is low (column 2, 4 and 6). With
higher dynamism, this negative impact gets smaller and eventually turns into positive. The result of SCM
system is also consistent with the baseline model. Column 2 and 6 suggest that SCM system is negatively
related with pure vertical M&A when the supplier industry is less concentrated (at 0.1 significance level
in column 2); but when the supplier industry concentration increases, the impact eventually becomes
positive. This moderating effect is significant in column 2 (at 0.1 level) and column 6 (at 0.01 level).
4.4 CEM and DD Analysis
Using the CEM sample discussed in the empirical strategy section above, we estimated 3 sets of DD
models for the impact of ERP, CRM and SCM system implementation on M&A. This analysis
supplements our baseline model in that it examines the within-firm variation in the data. In the DD
analysis the M&A activity changes in firms that adopted ERP (or CRM, SCM) system are adjusted by the
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trend of M&A of similar control firms. Using the CEM sample, we estimated the following models for
ERP, CRM and SCM systems samples respectively: (1) linear panel model with firm fixed effects; (2)
linear panel model with matched pair fixed effects; (3) pooled Poisson model with robust SE clustered
over firms. Tables 8 and 9 report results of DD analysis using the ERP, CRM and SCM system samples.
Pooled Poisson model suggests that after implementing ERP system, the treated firm increases the
number of horizontal and conglomerate M&A it engages in, even after adjusted by the time trend of
M&A in the control firms, especially conglomerate M&A (column 5 and 6). This positive impact is
particularly significant for larger firms. Column 1-3 of table 9 report the DD results for CRM system and
column 4-6 for the SCM system. For the CRM system, both linear panel and pooled Poisson models
indicate that even after adjusted by the time trend of M&A in the control group, the treated firm
conducted a significantly smaller (larger) number of pure vertical M&A deals after implementing CRM
system when it faces stable (unstable) demand (column 1-3). The linear panel model with firm fixed
effects for the SCM system shows that after implementing SCM system, the treated firm conducted fewer
pure vertical M&A compared to the control firms, when the supplier industry concentration was high
(column 4 of table 9). The sign of the impact of SCM system is consistent with our baseline model (a
negative impact); but the moderating effect of supplier industry concentration shows either nonsignificance (column 5 and 6) or a negative impact (column 4). We believe that this is due to the small
sample size and the skewed distribution of supplier industry concentration in the DD analysis. Our SCM
DD analysis has 161 firm-year observations (compared to 3,208 in the baseline model) with firms that
face high supplier industry concentration being more sparse than the baseline sample. Therefore, it is not
surprising that the moderating effect is not significant or has a negative sign here.
4.5 Other Robustness Checks
In addition to the above analysis, we also conducted other robustness checks.12 To exhaust all the industry
influence in our baseline model, we also repeated the analysis with a full list of industry dummies (IO

12

These results are not included in the paper to conserve space, but are available upon request from the authors.
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industries). The results show no difference qualitatively from the baseline models. Since enterprise system
implementation may take multiple years, we run robustness analysis where we examine the 1-year and 2year lagged effect of ERP, CRM and SCM systems. These models are generally consistent with our
baseline model as well.
Measurement error in the explanatory variables can cause inconsistent estimation of the
coefficients under the classical errors-in-variables (CEV) assumption13 (Woodridge 2010). However, we
have reason to believe that measure error in independent variables is not a significant issue in this study.
First of all, the measures of ERP, CRM and SCM systems are based on information from each site of the
firms. An employee directly involved in the management of the site was surveyed about the status of the
accounting/

finance,

human

resources

management,

workflow

software,

customer/salesforce

management, and supply chain management modules. We coded these systems availability to be 1 only
when they were specified as “installed”. Since specific questions about the presence of each module was
asked, it is unlikely for the respondent to under- or over-report the availability of the module. Also, since
different respondents were surveyed at the site (i.e., each site had a different respondent) it is unlikely for
the measurement errors of the sites (if any) within one firm to be correlated. Second, in order to improve
the robustness of our measures of ERP, CRM and SCM system, we also used revenue of the site as an
alternative weight. In addition, to focus on the ERP, CRM, and SCM system availability at the core sites
of the focal firm, we calculated the same variables with only the large sites (more than 100 employees) or
top sites (the largest sites whose number of employee comprises over 80% of total employees in the firm).
The results are highly consistent with our baseline models. Finally, we argue that if respondents
systematically over report the availability of the different modules at their site, we should find a
consistent relationship between ERP, CRM, and SCM systems and horizontal, pure vertical, and
conglomerate M&A. However, that is not what we find. We find that ERP systems are generally
positively related with horizontal and conglomerate M&A; and SCM and CRM systems are negatively
related with pure vertical M&A, unless supplier industry is concentrated or industry dynamism is high.
13

The measurement error is uncorrelated with the unobserved explanatory variable with measurement error.
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This may suggest that respondents are not systematically over reporting the implementation of enterprise
system modules.
In addition, we also checked the possible bias that the mapping from IO to NAICS industries
might cause. In this paper, the definition of industry (389 IO industries) is from BEA Input-Output
Accounts Data from 2007. Each IO industry has a one to one or one to many relationship with 3 to 5-digit
2007 NAICS codes. This mapping is more granular for manufacturing industries. Out of the 389 IO
industries, 238 of them are in the manufacturing industry. In order to assess if the granularity of the
mapping changes our results, we run separate analysis for manufacturing and non-manufacturing
industries. The result shows that the positive impact of ERP system on horizontal M&A is only present
for non-manufacturing industries. The CRM system results in both manufacturing and non-manufacturing
industries are consistent with our baseline models. Also, the impact of SCM system on pure vertical
M&A is significant in both the manufacturing and non-manufacturing industries. But the positive
moderating effect of supplier industry concentration is only significant in the manufacturing industry.
This is expected as consistent and predictable supplier relationship management is more important in the
manufacturing context.
Further, this paper takes an efficiency perspective in examining the impact of enterprise systems
on M&A i.e., the rationale for the impact of enterprise system on M&A is based on the impact of
enterprise systems on internal and external coordination costs. There are other motivations for M&A
besides efficiency, for example, anti-competitive motivation for both horizontal and non-horizontal M&A
(Shenoy 2012). In order to tease out anti-competitive motivation for M&A, we removed M&A in our
sample that possibly had an anti-competitive motivation. Based on the criteria provided in the horizontal
and non-horizontal merger guidelines by the Federal Trade Commission (FTC), we labelled a nonhorizontal M&A as anti-competitive and removed it for the robustness check if: (1) the overall
concentration of target market was over 1800 HHI; (2) the acquirer already operated in the industry of the
target as a minor sector; (3) the target firm was listed with a Forbes Sales 500 Rank when acquired. Using
a similar approach, we followed the horizontal merger guidelines and removed horizontal M&A that
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possibly had an anti-competitive motivation. In addition, we also removed deals that were over 50% stock
financed to tease out the possibility that the acquiring firm conducted an M&A deal to take advantage of
the over-evaluation of their stock. The results show that when the anti-competitive and stock financed
deals were removed, the economic significance of CRM and SCM systems on pure vertical M&A became
stronger; and the economic significance of ERP system on horizontal and conglomerate M&A did not
change.
Finally, to tease out the possibility that target firm’s ERP, CRM and SCM systems lead to the
results that we see in the baseline model, we conducted a case-control design; we constructed a sample
that matched actual M&A (cases) with a set of synthetic counterfactual M&A deals (controls)—
combinations of firms that could have merged but did not, using CEM (Rogan and Sorenson 2014.). By
setting the unit of analysis at the transaction level, we were able to include both acquirer and target firm’s
enterprise information systems and other factors that affect the likelihood of a M&A (Palepu 1986;
Younge et al. 2015). The results on the acquirer side enterprise systems are consistent with our baseline
model; the results of target’s side enterprise systems show that the target firm’s ERP, CRM and SCM
systems do not have significant impact on horizontal, pure vertical and conglomerate M&A. This may be
due the fact that the acquirers in our sample are Fortune 1000 firms that are typically much larger than the
targets and probably have superior IT capabilities than the targets; thus the acquirers replace the target’s
IT systems (Tanriverdi and Uysal 2015) with their own IT system in the M&A integration process.

5

CONCLUSION AND DISCUSSION

How does IT affect firm boundary has been an enduring topic of interest in the IS field. This literature
suggests that IT is associated with less vertical integration and more diversification (e.g., Brynjolfsson et
al. 1994; Dewan and Min 1998; Hitt 1999). There is also literature that suggests that IT enables firms to
generate economic value from acquisitions by helping to integrate acquisitions (Tanriverdi and Uysal
2011; Tafti 2011). In contrast to the aforementioned literatures, this research examines how enterprise
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systems—ERP, CRM, and SCM systems are related to firm boundary through M&A. This paper makes
important theoretical and empirical contributions.
The primary theoretical contribution of this study is to make the argument that ERP, CRM, and SCM
system, by reducing agency cost, encourage firms to achieve scale economies through horizontal, vertical
and conglomerate acquisitions, as enterprise systems can reduce the internal coordination cost associated
with operating a larger firm; and that SCM and CRM systems, by reducing the transaction cost of
coordinating activities with customers and suppliers, decrease the propensity to make vertical
acquisitions. Thus, this paper links enterprise systems, agency theory and transaction cost economics to
M&A; and examines how ERP, CRM, and SCM, by reducing internal and external coordination costs are
related to horizontal, vertical and conglomerate M&A.
The empirical contribution of this paper is that it reveals that ERP systems have a positive
relationship with horizontal and conglomerate M&A as ERP systems can reduce internal coordination
costs associated with operating a larger firm. This finding is consistent with prior work that suggests that
IT investments are positively related with diversification (Dewan and Min 1998; Hitt 1999). The
empirical analysis also indicates that this effect is stronger if the potential acquirer is larger. A larger
acquirer has more opportunities to achieve scale economies by making a horizontal or conglomerate
acquisition. However, a larger acquirer suffers from higher diseconomies of scale; thus, a larger acquirer
can derive greater benefits in reduction of internal coordination costs from ERP systems, which increases
a larger firm’s incentive to make horizontal and conglomerate acquisitions.
The empirical analysis also reveals that CRM (SCM) systems have a negative relationship with
vertical M&A as CRM (SCM) systems can reduce the cost associated with coordinating with
customers(suppliers), and thus CRM (SCM) systems allow firms to use information based coordination
with customers (suppliers). This finding is consistent with prior research that suggests that IT investments
are negatively related with vertical integration (Dewan and Min 1998; Hitt 1999). The analysis, however,
also indicates that if the downstream industry is very unpredictable and dynamic that increases external
coordination costs, then CRM systems facilitate ownership-based coordination by reducing the internal
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coordination cost associated with operating an integrated network of downstream partners. Similarly, if
the supplier industry is concentrated i.e., suppliers have market power that increases external coordination
costs, then SCM systems are associated with more vertical M&A as SCM systems can reduce the internal
coordination cost of operating a more integrated supply chain network; thus enabling ownership-based
coordination.
The key implication of the analyses is that as CRM and SCM systems can reduce internal as well as
external coordination costs they may be used strategically. When industry dynamism and supplier
concentration are low, since CRM and SCM systems can reduce external coordination costs, CRM (SCM)
systems are negatively related with vertical M&A as CRM (SCM) systems can be used for informationbased coordination with customers (suppliers). However, if the downstream sales are very unpredictable
and external coordination costs are high; since CRM systems can be used to reduce the cost of operating a
larger network of integrated downstream partners, CRM systems are positively related with vertical M&A
as the focal firms can use CRM systems for ownership based coordination. Likewise, if the supplier
industry is very concentrated and external coordination costs are high; since SCM systems can reduce the
costs of operating a larger and more integrated supply chain network, SCM systems are positively related
with vertical M&A as the focal firms can use SCM systems for ownership based coordination. Similarly,
the analysis suggests that firms can achieve scale economies by engaging in horizontal and conglomerate
acquisitions. Since ERP systems can reduce the cost of operating a larger firm, ERP system can
encourage firms to achieve scale economies by making horizontal and conglomerate acquisitions.
However, beyond certain size, larger firms suffer from diseconomies of scale. Thus, larger firms can
derive greater benefits in reduction in internal coordination cost from ERP systems (compared to smaller
firms), and consequently ERP system provide larger firms greater incentive to make horizontal and
conglomerate acquisitions.
The findings of this paper have important implications for managers. Many firms have implemented
ERP, CRM, and SCM systems to coordinate internal operations as well as coordinate activities with
customers and suppliers (Hitt et al. 2000). The findings of this paper suggest that internal and external
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coordination capabilities provided by ERP, CRM, and SCM systems also have implications for firm
scope through M&A. Firms can achieve economies of scale through horizontal and conglomerate M&A.
However, there is a cost associated with operating a larger firm. As ERP systems can reduce the internal
coordination cost associated with operating a larger firm, a firm with ERP system may make horizontal
and conglomerate M&A to achieve scale. Likewise, the analysis suggests that if a firm operates in
environments where downstream sales are not very unstable or suppliers are not very concentrated, then
the focal firm does not need to make downstream or upstream acquisitions to improve vertical
coordination. A CRM (SCM) system enabled information-based coordination is a less risky approach to
improving vertical coordination. However, if a focal firm operates in an environment which requires
downstream coordination with very unpredictable sales or upstream coordination with a concentrated
supplier industry, then CRM (SCM) systems that can reduce the cost of operating with an integrated
customer (supplier) present acquisition of customer (supplier) as an alternative mechanism to improve
vertical coordination.
The analysis has certain limitations that suggest directions for future research. This research examines
the relationship between the presence of ERP, CRM and SCM systems and M&A activities. Future
research may examine the relationship between actual use of ERP, CRM and SCM systems and M&A
activities. For example, examining the relationship between use of ERP, CRM, and SCM systems to
coordinate with industry partners, customers, and suppliers, and M&A activities may provide more
refined understanding of the impact of enterprise systems on M&A. Future research can also examine the
economic impact of the use of ERP, CRM and SCM systems for information and ownership based
coordination with business partners. Does the use of ERP, CRM and SCM systems for information or
ownership based coordination lead to higher performance? This research focused on the potential
acquirers and the impact of ERP, CRM and SCM systems on the likelihood of making acquisitions. It is
also likely that the implementation of ERP, CRM and SCM systems at potential targets influences a target
firm’s likelihood of being acquired. It will also be interesting to examine how the implementation of
enterprise systems affects a potential target firm’s likelihood of being acquired. We found that in our
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sample the target firm’s ERP, CRM and SCM systems did not have significant impact on horizontal, pure
vertical and conglomerate M&A. However, the acquirers in our sample are Fortune 1000 firms that are
typically much larger than the targets and probably have superior IT capabilities than the targets. Thus,
the target’s IT systems are not a key consideration in the M&A decision. It will be important to extend
this analysis to the more general case where acquirers are not large Fortune 1000 firms, and where
acquirers

and

targets

have

comparable

IT

capabilities.
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Table 2: Theoretical Arguments for the Impact of ERP, CRM and SCM Systems

(Column 1)

ERP System (Column 2)

CRM System (Column 3)

SCM System (Column 4)

AGENCY THEORY: INTERNAL COORDINATION COSTS

Agency costs
 Monitoring costs
 Bonding costs
 Residual loss

DECREASED.

DECREASED.

DECREASED.

 Reduces the number of agents in
back-office (lower monitoring
cost);
 Eases the process of recording
and reporting to management
(lowering bonding cost).

 Makes assessment of individual
salesperson’s and customer service
employees performance easier (lower
monitoring costs);
 Enables firms to evaluate individual
marketing programs (lower monitoring
costs).

 Helps to share demand, production planning,
and inventory information in real time so that
the firm can monitor that procurement,
production, and delivery are as scheduled.

DECREASED.
Decision information costs
 Information processing costs to relocate
information
 Opportunity costs of poor or delayed
information

 Data standardization and crossfunctional data flow provide realtime and consistent information
that reduces errors and ambiguity
(lower information processing
and opportunity costs).

DECREASED.
 Critical information is delivered to sales and
customer service employees in a timely
manner (lower information processing costs);
 Delivers timely information to support better
decision making (lower opportunity cost).

DECREASED.
 Increases visibility in the supply chain so that
the firm can adapt to any changes in the
supply chain in an efficient manner.

TRANSACTION COST ECONOMICS: EXTERNAL COORDINATION COSTS/MARKET TRANSACTION COSTS
Costs of coordination
 The cost of exchanging information on
products (price, product characteristics, and
availability)
 The cost incurred by the firm due to delays in
the communication channel

DECREASED.
 The sale process (ordering, tracking, product
configuration and pricing, etc.) is automated
and simplified;
 Sales employees are well informed for the
interaction with customers.

DECREASED.
Costs of transaction risk
o Information asymmetries
o Differences in bargaining power
o Incomplete or unenforceable contracts
o Relationship-specific investments
o Number of potential suppliers
o Loss of resource control

 Customer service employees have real-time
information to take action and conduct
intelligent interactions with customers;
 Easier to assesses the performance of
partners through evaluation of sales, service,
and marketing activities conducted with
partners.

DECREASED.
 Reduces the cost of exchanging information
with suppliers because of automated
procurement and settlement processes;
 The chance of delays and miscommunication
is minimized due to electronic procurement
and payment systems.
DECREASED.
 Contract management reduces cost of
monitoring and enforcing contracts with
suppliers;
 Monitors and tracks supply chain performance
and thus reduces the risk of shirking.
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Figure 1: The Marginal Effects of ERP, CRM and SCM Systems on the Number of Horizontal, Pure Vertical and Conglomerate M&A, Evaluated
at Different Levels of Moderators

Note: Panel 1 and panel 2 show the ME of ERP system on horizontal and conglomerate M&A at different levels of standardized number of
employees (the range goes from -2 SD to 2 SD on the x axis; however, we only plot the ME when the moderator is within the range of our
sample). Panel 3 and panel 4 show the ME of CRM and SCM system on pure vertical M&A, evaluated at different values of dynamism and
supplier industry concentration (also the range goes from -2 SD to 2 SD on the x axis; but we only plot the ME when the moderator is within the
range of our sample). The vertical line shown in the middle of each graph indicates the mean of the moderator. The horizontal line in each graph
shows the value zero of ME.
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