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Abstract
This study investigates the changes in the marginal cost, revenue, and profit efficiencies 
after a series of deals by US acquiring banks for the period from 1992 to 2007 using the 
nonparametric data envelopment analysis (DEA) method and the market reaction model. 
All the efficiency measures show increases in the first two deals but show significant 
decreases in the next two to three deals and substantial efficiency increases for the last 
two acquisitions. The efficiency losers are those that engage in just four mergers. Banks 
that undertake six to seven acquisitions recover their earlier efficiency losses to achieve a 
net 12.5% cumulative profit efficiency. The results of the market reaction model show that 
acquirers lose the most by the time they announce their third and fourth deals, 25.8% and 
23.9% respectively, while targets gain the most when they acquire their fourth deal, 34.5%. 
The efficiency dynamics results show consistency with both the managerial hubris the-
ory, where efficiency gains occur in early deals (first and second), and the learning theory 
where efficiency measures form a U-shape curve. These results show that the theories are 
complementary rather than contradictory. Moreover, frequent acquirers tend to be highly 
profitable, but most importantly they are externally attracted to finding targets with specific 
characteristics like a relatively small size, high percentage of operating assets, and a high 
cost efficiency.
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1 Introduction

The empirical studies on corporate finance have extensively explored acquisitions as a 
strategic event. The majority of these studies consistently show negative returns for the 
acquirers and positive returns for the acquisition. (Asquith 1983; Agrawal et  al. 1992; 
Loughran and Vijh 1997; Rau and Vermaelen 1998; Moeller et  al. 2005; Al-khasawneh 
2006). Acquisitions within the US banking industry have occurred in waves due, in part, to 
regulatory reforms and technology changes. The two primary regulatory influences behind 
the fifth acquisition wave (1993–2003) were the enactment of the 1994 Riegle–Neal Inter-
state Banking and Branching Efficiency Act and the 1999 Graham–Leach–Bliley Act. The 
Riegle–Neal Act removed the remaining geographic restrictions on branch banking. The 
Graham–Leach–Bliley Act repealed the Glass–Steagall Act of 1933 and allowed commer-
cial banks to engage in activities such as investment banking. The result of these regulatory 
changes was a surge in bank acquisitions that sharply reduced the number of operating 
banks but led to an increase in the total number of branch banks. According to Berger et al. 
(2004), the period from 1995 to 2000 involved the largest number and highest value of 
banks acquired over any 5-year period. Wang (2003) finds that the average size of bank-
ing organizations increased by more than 35% with a total value of $1.4 trillion in the 
1990s. Alexandridis et al. (2012) indicate that the brief sixth acquisition wave (2003–2007) 
emerged about three years after the burst of the technology bubble that put an end to the 
fifth acquisition wave that saw a total value of more than $1 trillion spent on deals within 
the US. Alexandridis et al. (2012) argue that the main characteristics of the sixth acqui-
sition wave were easier access to liquidity and more fair-valued acquisitions that led to 
more rational acquisition decisions. In addition, cash deals were more common, and targets 
received lower premiums. The sixth acquisition wave ended with the 2007 economic cri-
sis during which most acquisitions targeted failed banks with the assistance of the FDIC. 
More than at any other time, bank acquirers in the fifth and sixth waves practiced the serial 
acquisition of multiple targets.

Several theories in the corporate finance literature explain well the motives behind and 
the consequences of frequent acquisitions. The most widely studied hypotheses are the 
learning and the managerial hubris theories. The basic idea of the learning hypothesis is 
that the more acquisitions successfully undertaken, the more the acquirers learn from prior 
experience. Therefore, the performance of the acquirer rises with the number of accom-
plished acquisition deals (Aktas et al. 2011, 2013; Fuller et al. 2002; Hayward and Ham-
brick 1997). According to this theory, acquirers learn how to select a suitable target and 
the best time to acquire the target, and how to efficiently reallocate the acquired assets and 
then merge them with the acquirer’s assets. The learning theory has a concave function; 
a U-shaped relation between experience and the acquirers’ stock performance during the 
announcement period (Hayward 2002; Haleblian and Finkelstein 1999). The managerial 
hubris theory, on the hand, states that managers do serial acquisitions because of increas-
ing overconfidence, especially if the very early acquisitions increase shareholder value 
(Billett and Qian 2008; Malmendier and Tate 2008; Hayward and Hambrick 1997). The 
hubris theory holds when the serial acquirer’s cumulative abnormal return declines from 
deal to deal.

Previous studies of acquisitions have adopted the market-oriented methodology to study 
the short-term performance of frequent acquirers and have given no attention to the track-
ing of the operating performance in the longer term (Aktas et  al. 2011; Cai et  al. 2011; 
Ismail 2008; Fuller et al. 2002; Loderer and Martin 1990; Schipper and Thompson 1983). 
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However, market reaction studies try to capture the short-term market effect and are hence 
unsuited for the strategic nature of the acquisition decision. The use of market reaction 
methods shows what the market learns and thinks about managers and not what managers 
learn or think. Accordingly, managers who favor acquisitions and become habituated to 
performing them should be judged with solid internal measures of performance. A mar-
ket reaction method is a short-term approach that cannot test the learning theory because 
learning requires time.

There do not appear to be any published studies that have examined the serial acquirers 
in the US banking industry, an industry with more stakeholders than any other. This study 
is an attempt to fill this gap in the literature by tracking the marginal deal-to-deal operating 
performance of serial acquirers using the nonparametric data envelopment analysis (DEA). 
We use the DEA to calculate the profit, revenue, and cost efficiency scores to track the 
marginal, deal-to deal efficiency changes. Moreover, the sample period covers the period 
from 1992 to 2007 that was a time of extensive deregulation with two acquisition waves. 
The large number and frequency of acquisitions during these two waves provides an oppor-
tunity to study the behavior of serial acquirers. Furthermore, and because of the scarcity 
of literature that study the market reaction of the US banking sector acquisitions solely, 
the market model is used to analyze the stock market reaction of the acquirers, and targets 
using several short-term and long-term event windows while controlling for the number of 
merger deals.1 Finally, we also investigate the determinants of the likelihood that acquirers 
will perform additional deals.

The rest of this study is organized as follows: Sect. 2 presents the method used in esti-
mating the profit, revenue, and cost efficiency scores. Section 3 provides the sample and 
descriptions of the data and the proxies. Section 4 gives the results, the conclusion, and 
policy implications.

2  Method

2.1  The nonparametric data envelopment analysis

Charnes et al. (1978) coined the term “data envelopment analysis” (DEA). Since then, a 
multitude of works have applied and extended the DEA. The DEA constructs a frontier 
based on the sample data rather than using an assumed production function. This non-
parametric approach shows how a specific decision-making unit (DMU) operates rela-
tive to other DMUs by providing a benchmark for the best-practice technology based 
on the DMUs in the sample. Several reasons justify the use of the DEA in this paper. 
First, the DEA is widely used to measure the efficiency scores in the banking indus-
try, given the homogeneity of the input–output structure of banks (Berger and Hum-
phrey 1992; Elyasiani and Mehdian 1992; Isik and Hassan 2003; Al-Khasawneh and 
Essaddam 2012; Al-Khasawneh 2013; Halkos et  al. 2016; Fung and Pecha 2019; and 
McKee and Kagan 2018). Second, the number of observations is small during some 
years in my sample period, and the DEA is a suitable method for analyzing limited 
observations. Third, unlike with a parametric approach in which analysts have to assume 

1 This paper was not initially intended to test any of the existing theories on acquisitions, but the findings 
show a sort of consistency with the managerial hubris and learning theories that I find favorable to present.
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a functional form and to calculate its parameters, there is no need to specify a form for 
the production function when using the DEA. Banks are compared to each other and 
the best banks make the efficient frontier. Fourth, and from the empirical point of view, 
most studies that have used both the stochastic frontier analysis (SFA) and the DEA 
have found that both approaches preserve the efficiency rankings of the DMUs (see Isik 
and Hassan 2002, 2003; Al-Sharkas et al. 2008).

However, the DEA requires some assumptions. In this paper, the output-oriented 
DEA is assumed, mainly because banks have more control over their policy for grant-
ing loans than that for accepting deposits. In addition, it adopts the intermediation 
approach (Sealey and Lindley 1977; Avkiran 2011; Charles et al. 2018) where financial 
institutions are considered as brokers who transform inputs into profitable outputs. The 
selected inputs and outputs and their consequent prices are the most widely used in the 
related literature that analyzes the efficiency of the banking industry (Das and Ghosh 
2009; Belanès et al. 2015; Ray and Das 2010; Sahoo et al. 2014; Dong et al. 2016; Prior 
et al. 2019). These inputs, outputs, and their prices represent a very high percentages of 
banking activities that are well-suited to the intermediation DEA approach adopted in 
this paper.

Furthermore, this paper assumes the variable returns to scale (VRS) (Banker et  al. 
1984) in which the frontier changes over time due to technological progress, financial cri-
ses, industry concentration, and financial deregulation (Isik and Hassan 2003). Practically, 
the DEA scores are estimated by using one joint frontier that includes all DMUs for the 
whole study period. This procedure enables us to track any efficiency frontier changes over 
time and satisfy the number of inputs and outputs according to Cooper et al. (2006) rule of 
thumb that requires the number of DMUs to be greater than three times the total number of 
input and output variables on which the DEA scores are estimated.

2.1.1  Estimation of cost efficiency

The nonparametric cost efficiency can be estimated by summing the input prices rather 
than the output quantities. Consider n DMUs, where each DMU uses m inputs to produce s 
outputs. Then, the general form of the cost minimization problem is:

Here,  pi is a vector of input prices for the jth DMU, and xi
∗
 is the cost minimization vec-

tor of input quantities for the jth DMU given the input prices and output levels.
The first constraint places a restriction on the input side that requires the use of inputs 

in a linear combination at the efficient frontier to be less than or equal to the use of the 
inputs by the ith bank. The second constraint shows that the observed outputs of the  DMUj 
must be less than or equal to a linear combination of outputs, x∗

i
 , of the DMUs forming 

the efficient frontier. The third constraint assures the feasibility of the solution. The fourth 
constraint imposes the variable return to scale (VRS) assumption. Accordingly, the cost 
efficiency (CE) of each DMU can be obtained as follows:

(1)

min
∑m

i=1
pix

∗
i
, subject to ∶

∑n

j=1
�jxij ≤ x∗

i
, wherei = 1.2,…m;

∑n

j=1
�jyrj ≥ yr, where r = 1, 2,… s;

�j, x
∗
i
≥ 0; and

∑
�j = 1 (assuming VRS)
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where its value equals one for the DMUs that lie on the efficient frontier. The cost effi-
ciency scores range from zero to one.

2.1.2  Estimation of revenue efficiency

Using the same considerations as in the previous subsection, revenue efficiency (RE) can be 
obtained for each DMU. The revenue-maximization problem maximizes the vector of out-
put quantities, y∗ , in the first step. Then, the revenue-maximization problem is calculated as 
follows:

Here, qr is a vector of output prices for the jth DMU, and y∗
r
 is the maximization vector of 

output quantities for the DMUs that forms the efficient frontier. The first constraint indicates 
that the use of the inputs in a linear combination of efficient DMUs must be less than or equal 
to the use of the inputs of the jth DMU. The second constraint shows that the observed outputs 
of the jth DMU must be less than or equal to the linear combination of the DMUs that forms 
the efficient frontier. The last two constraints are defined in the previous subsection. After 
solving the above problem, we can obtain the revenue efficiency as follows:

where 
∑s

r=1
qryr is the observed actual revenue of the DMU, and 

∑s

r=1
qry

∗ is the virtual 
efficiency profit that could be achieved if the DMU were situated on the efficient frontier. 
The value of the profit efficiency scores will always range from zero to one.

2.1.3  Estimation of profit efficiency

Summing the cost and revenue efficiencies generates the profit-efficiency concept, which 
seeks to minimize costs and maximize revenue simultaneously. Unlike cost and revenue effi-
ciencies, the profit efficiency (PE) is obtained by allowing inputs and outputs to vary. The 
profit-maximization problem can be written as follows:

(2)CE =

m∑

i=1

pix
∗
i
∕

m∑

i=1

pixi ≤ 1

(3)

max
∑s

r=1
qry

∗
r
, subject to∶

∑n

j=1
�jxij ≤ xi, where i = 1, 2,…m;

∑n

j=1
�jyrj ≥ y∗

r
, where r = 1, 2,… s;

�j, y
∗
i
≥ 0; and

∑n

j=1
�j = 1, (assumingVRS)

(4)RE =

∑s

r=1
qryr∑s

r=1
qry

∗
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Here, the first constraint indicates that the use of the inputs in a linear combination of 
efficient DMUs must be less than or equal to the use of inputs of the jth DMU. The second 
constraint shows that the observed outputs of the jth DMU must be less than or equal to 
the linear combination of the DMUs that forms the efficient frontier. However, the two 
constraints in this problem are solved simultaneously. The third constraint is imposed to 
assure that the revenue maximization and cost minimization are both achieved. This con-
straint requires that the inputs of the jth DMU must be greater than or equal to the output 
of the DMUs on the efficient frontier, and it indicates that the output of the jth DMU must 
be less than or equal to the outputs of the DMUs on the efficient frontier. This constraint 
is important because it is only possible to maximize profit efficiency by minimizing costs. 
In this case, profit maximization is equivalent to cost minimization. The same argument is 
valid for the revenue efficiency. Finally, the profit efficiency can be obtained using the fol-
lowing equation:

where 
∑s

r=1
qryr −

∑m

i=1
pixi represents the observed profitability of  DMUi. This value can 

be negative for the DMUs with losses. By contrast, 
∑s

r=1
qry

∗
r
−
∑m

i=1
pix

∗
i
 represents the 

virtual profitability that can be achieved if the DMU is located on the efficient frontier. 
Accordingly, the profit efficiency values must lie in the range of (−α, 1).

2.2  Method used to evaluate the market reaction

To test the market reaction to frequent acquisition announcements, the event study method 
(Dodd and Warner 1983) is used to analyze the market reaction to the acquirer following 
the acquisition announcements of sequential deals. The market model is estimated over 
a 300-day period ending 51 days before the announcement of the acquisition. The CRSP 
value weighted index is used as a market portfolio return:

where Rit represents the abnormal returns to bank stock i at time t, Rit represents the actual 
returns to bank stock i at time t, ai is the ordinary least squares (OLS) estimate of the inter-
cept in the estimated market model, bi is the OLS estimate of the slope coefficient for the 
market in the model that reflects the change in the market return relative to the return for 
bank i, and Rmt represents the actual returns to a market portfolio of bank stocks at time t. 
Furthermore, the cumulative abnormal returns (CARs) are applied using five event win-
dows for their calculation: (− 1,1) is one day before the acquisition announcement to one 
day after the acquisition announcement, (− 15,15), (− 30,30), (− 120,120), (− 160,160), 
and (− 200,200) according to the following formula:

(5)

max
∑s

r=1
qry

∗
r
−
∑m

i=1
pix

∗
i
, subject to ∶

∑n

j=1
�jxij ≤ x∗

i
, where i = 1, 2,…m;

∑n

j=1
�jyrj ≥ yr, where r = 1, 2,… s;

x∗
i
≤ xi, y

∗
i
≥ yr, �j ≥ 0, and

∑n

j=1
�j

(6)PE =

∑s

r=1
qryr −

∑m

i=1
pixi∑s

r=1
qry

∗
r
−
∑m

i=1
pix

∗
i

(7)ARit = Rit − (ai + biRmt)
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2.3  Method to study determinants of likelihood of making more deals

To test the variable that may enhance the likelihood of acquirers engaging in more than 
one acquisition, we selected a set of widely used variables in the M&A literature (Doukas 
and Zhang 2014; Shams and Gunasekarage 2016; Beccalli and Frantz 2016; Harp et  al. 
2020; Al-Khasawneh et al. 2020). The selected variables consider the size of targets and 
acquirers, the geographic dispersion between the acquirer and the target, the method of 
payment used to accomplish the merger deal, the profitability of targets and acquirers, the 
ability of both parties to convert their deposits into performing assets, and the efficiency 
variables of targets and acquirers. The size is represented in two variables: size (dummy) 
equals one for large acquirers (if the total assets of the acquirer is above the third quartile 
of the sample banks) and zero otherwise. The other size variable is the target’s relative size 
(REL) measured by the ratio of the target’s total assets to the acquirer’s total assets. (GEO) 
is a dummy variable that represent the geographic dispersion between the acquirer and the 
target and equals one for interstate and zero for intrastate acquisitions. (STOCK) represents 
the percentage of stock financing and measures the payment used to finance the merger 
deal. The easy to observe profitability is represented by the return on assets of acquirers 
(AROA) and targets (TROA). The ratio of loans, leases, and investments to total deposits 
(LLID) measures the ability of the bank to create operating assets using the total depos-
its. (ALLID) and (TLLID) represent the ratio of acquirers and targets, respectively. We 
uniquely include the efficiency variables used in the efficiency dynamics section to test the 
explanatory power of these variables. (APROF) and (TPROF) represent the acquirers’ and 
targets’ profit efficiency, respectively. (AREV) and (TREV) represent the acquirers’ and 
targets’ revenue efficiency, respectively. (ACOST) and (TCOST) represent the acquirers’ 
and targets’ cost efficiency, respectively. Table  1 presents the summary statistics for the 
above-mentioned variables.

The robust heteroscedastic OLS and the Probit regression are used to investigate the 
determinants of the likelihood of doing more deals.2 The dependent variable is a binary 
variable that equals zero if the bank made one deal during the period and equals one if it 
made more than one deal. This conditional probability model measures the likelihood that 
a bank makes more deals given that it has already made one deal. The OLS is given by:

where Y = 1 if a bank made more than one deal, and Y = 0 if it made just one deal. b is 
a vector of coefficients, and X’ is the transpose of a vector of the independent variables 
defined above. Since the predicted probability of an OLS is not bounded by zero and one, 
we also used the Probit model:

(8)CARt,t+n =

30∑

t=−30

N∑

i=1

ARit

(9)Pr(Y = 1|X) = X�β

2 We also ran a Logit regression, but only present the Probit results because it provides better goodness of 
fit, as measured by the McFadden’s Pseudo R-squared.
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where ϕ is the cdf of the standard normal distribution. Moreover, the Hausman specifica-
tion test is used to test for endogeneity in the OLS models.

3  Sample characteristics

The sample of US banking acquirers comes from Thomson Reuters’ Datastream. The 
sample includes all friendly, accomplished acquisitions in which both the target and the 
acquirer are commercial banks during the period from 1992 to 2007, totaling 253 banks. 
The ownership of the target is 100% transferred to the acquirer. However, the number of 
banks and the frequencies in the results section are less than that in the initial sample 
mainly because some banks acquired more than one target in a single year (sometimes 
as much as six acquisitions a year). Consequently, we consider the earliest number of 
acquisitions to calculate the change in efficiency. For example, if a bank has made five 

(10)Pr(Y = 1|X) = Φ
(
X�β

)
= ∫

X
�
β

−∞

ϕ(z)dz

Table 1  Summary statistics of 
the regression variables

This table shows the statistics of the regressors and the dependent 
variable. The dependent variable is a binary variable that equals zero 
if an acquirer made one deal during the period and equals one if it 
made more than one deal. Size is a dummy variable that equals one 
if the acquirer is a large bank and zero otherwise. Geo equals zero if 
the deal is intrastate and equals one if the deal is interstate. Stock is 
the proportion of stock financing. REL is the ratio of target size to the 
acquirer size. AROA and TROA are the acquirers’ and targets’ return 
on Assets, respectively. ALLID and TLLID are the acquirers’ and tar-
gets’ LLID, which is defined as loans + leases + investments to total 
deposits. APROF and TPROF are the acquirers’ and targets’ profit 
efficiencies. AREV and TREV are the acquirers’ and targets’ revenue 
efficiencies. ACOST and TCOST are the acquirers’ and targets’ cost 
efficiencies

Average Median SD Min Max

More than one deal 0.532 1.000 0.501 0.000 1.000
Size (dummy) 0.508 1.000 0.502 0.000 1.000
GEO 0.587 1.000 0.494 0.000 1.000
STOCK 0.845 1.000 0.348 0.000 1.000
REL 0.238 0.140 0.281 0.004 1.000
AROA 0.011 0.011 0.004 0.002 0.019
TROA 0.010 0.010 0.004 − 0.007 0.027
ALLID 0.864 0.861 0.174 0.236 1.303
TLLID 0.804 0.785 0.208 0.236 1.571
APROF 0.423 0.355 0.223 0.156 1.000
TPROF 0.235 0.219 0.165 0.000 1.000
AREV 0.500 0.460 0.180 0.194 1.000
TREV 0.308 0.323 0.169 0.000 0.836
ACOST 0.533 0.518 0.184 0.136 1.000
TCOST 0.417 0.432 0.211 0.000 1.000
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acquisitions so far, and it then accomplishes four more acquisitions in that year, then the 
ninth acquisition is treated as the sixth acquisition rather than the ninth one. Because 
the DEA is a benchmarking statistical technique, the sample includes not only acquiring 

Table 2  The total number and 
values of the friendly mergers 
of US banks for the period 
(1992–2007)

Year No. of deals Total deals value 
(millions of $US)

1992 23 9790
1993 35 14,218
1994 33 10,536
1995 45 54,904
1996 34 22,683
1997 65 86,216
1998 64 180,675
1999 50 44,038
2000 37 49,319
2001 34 25,914
2002 18 12,716
Total fifth merger wave 438 511,009
2003 37 64,657
2004 47 118,593
2005 24 49,636
2006 32 43,481
2007 27 10,472
Total sixth merger wave 167 286,839
Total (1992–2007) 605 797,848
Fifth merger wave/total 72.4% 64.0%
Sixth merger wave/total 27.6% 36.0%
Fifth annual average 39.8 46,455
Sixth annual average 33.4 57,368
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80000
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140000
160000
180000
200000
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Number of Deals Total Deals Value

Fig. 1  The total number and values of the friendly mergers of US banks for the period (1992–2007)
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banks, but also the universe of US banks for the whole study period to get more solid 
efficiency estimates.

Table 2 and Fig. 1 represent the total number of friendly acquisition deals, and the value 
of those deals. Figure  1 graphically illustrates the fifth and the sixth acquisition waves. 
The table shows that the fifth acquisition wave accounts for 72.4% of the deals, and 64% of 
the total value of all deals over the 1992–2007 period, whereas the sixth acquisition wave 
counts for 27.6% of the deals and 36% of the total value. However, the fifth acquisition 
wave lasts for 11 years, while the sixth acquisition wave only lasts for 5 years that makes 
the average annual values of the fifth and the sixth acquisition waves $US 46,455 and $US 
57,368 respectively. Table  3 presents the number of deals and the percentages for each 
wave and the cumulative percentages and cumulative numbers of deals across acquisitions. 
As the table shows, the number of banks with more than nine acquisitions is low. There-
fore, this study considers nine and less acquisitions, which is 81.5% of the total sample 
size, due to the limited number of acquirers with a higher number of acquisitions. The table 
indicates that the percentage of banks with one acquisition is 22.5%, and the percentage 
of those engaged in two or more account for 77.5%. The acquirers that made four or more 
acquisitions account for more than 50% of the total number of deals. The last column of 
Table 3 shows the cumulative percentages for each number of acquisitions. The table also 
shows that 253 banks conducted 605 deals during the sample period, which is an average 
of more than two acquisitions for each bank.

Table  4 represents the inputs, outputs, and their proxy prices for the universe of US 
banks (columns 1 through 5). Figure 2 illustrates the time trend of the deposits and loans as 
core inputs and outputs of conventional banks. The figure clearly shows the growing trends 
in both deposits and loans, and it also shows the improvement in the loans to deposits ratio 
over the sample period from 60% in 1992 to around 84% in 2007. This growing ratio indi-
cates the improved efficiency in using resources to create more loans.

Table 3  Sample characteristics of serial US merging banks for the period (1992–2007)

Frequency No. of acquirers No. of deals % of deals/total Cumula-
tive % 
deals

27 1 27 4.5 4.5
14 1 14 2.3 6.8
13 1 13 2.1 8.9
12 1 12 2.0 10.9
10 1 10 1.7 12.6
9 4 36 6.0 18.5
8 2 16 2.6 21.2
7 4 28 4.6 25.8
6 3 18 3.0 28.8
5 16 80 13.2 42.0
4 13 52 8.6 50.6
3 23 69 11.4 62.0
2 47 94 15.5 77.5
1 136 136 22.5 100.0
Total 253 605
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Columns 6 through 10 in Table 4 present the proxy prices of the inputs and outputs, 
and Fig. 3 does so graphically. The figure shows a downward trend in loan prices over time 
from around 16% in 1992 to 8% in 2007. The price of deposits, on the other hand, shows 
clear stability over time going from 3.9% in 1992 to 3.2% in 2007. Consequently, the inter-
est margin ratio (column 11) (interest on loans–interest of deposits) decreased substantially 
from 12.6% in 1992 to 4.5% in 2007. This trend shows that the increase in loans created a 
huge supply that caused their prices to decrease.

Although we use a non-parametric approach to estimate the efficiencies, the accura-
cies of our estimates are robust to the presence of endogeneity (correlation between inputs 
and efficiencies). Many studies have examined the issue of endogeneity in a parametric 
approach, and they have proposed several methods to deal with it (Schlotter et al. 2011). 
However, few studies have examined the issue of endogeneity in the non-parametric DEA 
(Bifulco and Bretschneider 2001, 2003; Orme and Smith 1996; Ruggiero 2005). The most 
comprehensive study is from Cordero et al. (2015) who use a Monte Carlo simulation to 
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test the accuracy of DEA estimates in the presence of endogeneity. Their findings indicate 
that DEA estimates are robust to low and negative correlations (rho < 0.20), less robust 
(but no severely biased) to medium positive correlations (rho = 0.4), and might be severely 
biased when there are high correlations (rho = 0.8) between inputs and efficiencies.3 Fol-
lowing Cordero et al. (2015), we construct and present the inputs-efficiencies matrix in the 
Appendix. The matrix indicates low, negative correlation coefficients between the inputs 
and efficiency estimates that means our calculated efficiencies are robust to the presence of 
endogeneity.

Table 5  Revenue efficiency changes of frequent acquirers for the period (1992–2007)

Z-value: a,b, and c statistically significant at 1%, 5%, and 10% respectively

Deal-to-deal Number of merger deals Cumulative 
marginal 
change2 3 4 5 6 7

1–2
 Mean difference − 0.004 0.004 0.027 0.118 0.015 0.006 0.167a

 Variance 0.006 0.002 0.008 0.007 0.002 0
 t-stat − 0.582 1.303 4.122 19.159 5.214 5.59

2–3
 Mean difference 0.007 0.028 0.075 0.035 0.046 0.191a

 Variance 0.004 0.012 0.002 0.004 0.002
 t-stat 2.532 4.365 12.072 11.955 41.136

3–4
 Mean difference − 0.019 − 0.021 0.014 0.051 0.025a

 Variance 0.004 0.003 0.001 0
 t-stat − 0.466 − 0.945 0.624 3.625

4–5
 Mean difference − 0.238 − 0.034 0.07 − 0.202a

 Variance 0.006 0.002 0.009
 t-stat − 77.544 − 38.001 14.672

5–6
 Mean difference − 0.116 − 0.006 − 0.122a

 Variance 0.015 0.005
 t-stat − 25.986 − 1.066

6–7
 Mean difference − 0.066 − 0.066b

 Variance 0.026
 t-stat − 0.575

Cumulative change − 0.004 0.011 0.036a − 0.067a − 0.086c 0.1a

3 Cordero et  al (2015) assume a trans-log production function, but they emphasize that their results are 
similar when assuming a Cobb–Douglas function.
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4  Results and conclusions

4.1  DEA results

Tables 5, 6 and 7 present the results for the revenue, cost, and profit efficiency changes 
of serial acquirers. Each table is organized to show the marginal changes in deal-to-deal 
efficiencies along with the number of acquisitions. The end columns of each table repre-
sent the summation of deal-to-deal changes in efficiency (sum by rows, titled cumulative 
change), and the summation of each deal series (sum by columns, titled the cumulative 
change of a deal). The diagonal line represents the efficiency change of the last acquisition 
each acquirer accomplished.

Table 5 shows the revenue and deal-to-deal changes in efficiency for up to seven deals. 
The table indicates that the second and third acquisitions have positive efficiency changes. 
The only exceptions are the acquirers with only two acquisitions that have changes of 
− 0.04 in efficiency. The negative changes start to increase after the fourth acquisition and 

Table 6  Cost Efficiency changes of frequent acquirers for the period (1992–2007)

Z-value: a,b, and c statistically significant at 1%, 5%, and 10% respectively

Deal-to-deal Number of merger deals Cumulative 
marginal 
change2 3 4 5 6 7

1–2
 Mean difference − 0.101 − 0.058 − 0.012 0.056 0.003 0.038 − 0.075a

 Variance 0.029 0.022 0.008 0.089 0.001 0.035
 t-stat − 7.897 − 5.294 − 1.864 2.534 1.619 2.668

2–3
 Mean difference − 0.094 − 0.032 − 0.089 0.034 0.099 − 0.082a

 Variance 0.089 0.013 0.01 0.006 0.014
 t-stat − 8.51 − 4.849 − 3.995 18.958 7.051

3–4
 Mean difference − 0.216 − 0.311 0.005 0.019 − 0.504a

 Variance 0.043 0.202 0.002 0
 t-stat − 2.637 − 1.923 0.176 0.494

4–5
 Mean difference − 0.139 − 0.092 − 0.159 − 0.390a

 Variance 0.091 0.028 0.153
 t-stat − 1.969 − 6.417 − 2.084

5–6
 Mean difference − 0.044 − 0.157 − 0.201a

 Variance 0.011 0.125
 t-stat − 2.582 − 1.46

6–7
 Mean difference 0.025 0.025a

 Variance 0
 t-stat 0.692

Cumulative Change − 0.101a − 0.152a − 0.261a − 0.483a − 0.094a − 0.136a
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Table 7  Profit efficiency changes of frequent acquirers for the period (1992–2007)

Z-value: a, b, and c statistically significant at 1%, 5%, and 10% respectively

Deal-to-deal Number of merger deals Cumulative 
marginal 
change2 3 4 5 6 7

1–2
 Mean difference − 0.039 − 0.016 0.029 0.308 − 0.009 0.016 0.288a

 Variance 0.017 0.001 0.004 0.083 0.001 0
 t-stat − 4.012 − 5.811 5.826 14.254 − 4.972 400.315

2–3
 Mean difference 0.003 − 0.007 − 0.158 0.001 0.108 − 0.053a

 Variance 0.003 0.006 0.05 0.006 0.017
 t-stat 0.916 − 1.427 − 7.301 0.599 29.873

3–4
 Mean difference − 0.009 − 0.047 0.014 0.003 − 0.038a

 Variance 0.007 0.004 0.001 0.02
 t-stat − 0.23 − 0.632 0.51 0.054

4–5
 Mean difference − 0.416 − 0.042 0.054 − 0.404a

 Variance 0.066 0.001 0.006
 t-stat − 12.301 − 61.316 9.865

5–6
 Mean difference − 0.109 − 0.026 − 0.136a

 Variance 0.009 0.001
 t-stat − 39.448 − 8.282

6–7
 Mean difference − 0.034 − 0.034a

 Variance 0.041
 t-stat − 0.238

Cumulative change − 0.039a − 0.013c 0.013 − 0.313a − 0.145a 0.121a
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0.100
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Fig. 4  Cumulative marginal revenue efficiency changes
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continue until the seventh deal. The last row of the table presents the cumulative change in 
each acquisition series (presented in Fig. 4). Figure 4 indicates positive efficiency changes 
for the first four deals, where the fourth deal has the only significant increase (3.6%), while 
the fifth and sixth deals have significantly negative efficiency changes. But, year seven 
indicates a significant increase in efficiency of 10%. The last column of the table represents 
the cumulative marginal deal-to-deal changes. The column shows that the first four deals 
maintain a positive increase, deal five through seven show negative marginal deal-to-deal 
efficiency but with a decreasing trend (from − 20.2 to − 6.6% for the fifth and seventh deal 
respectively).

Table 6 represents the cost efficiency results. Unlike the revenue efficiency results, the 
table shows more negative changes especially for the early four deals. Positive values start 
after the fifth deal and continue to be more common for the sixth and seventh deals.

The cumulative change for each acquisition series (last row, presented in Fig. 5) shows 
that the cost efficiency keeps decreasing for the first five deals and reaches a minimum by 
the fifth deal with a cumulative loss of − 48.3%. The sixth and seventh deals have substan-
tial cost efficiency changes but the cumulative deal-to-deal changes remain negative. This 
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Fig. 5  Cumulative marginal cost efficiency changes
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sign means that the acquirers start learning how to be more cost efficient after the fifth 
deal, but they are still unable to regain their lost cost efficiency before any engagement in 
acquisitions. The last column of the table shows that the cumulative marginal changes in 
cost efficiency across all acquisition series are all negative and the maximum efficiency 
loss occurs after the fourth and the fifth deals, − 50.4% and − 39.0% respectively, except 
for the seventh deal that has a 2.5% efficiency gain.

Profit efficiency changes combine both the revenue and cost efficiencies. Those changes 
are presented in Table 7. The cumulative changes for each acquisition series of the table are 
summarized in the bottom row of the table (illustrated in Fig. 6). The results show that the 
profit efficiency increases after the first four deals but decreases by − 31.3% after the fifth 
deal. However, the most substantial positive changes occur at the seventh deal, which is 
12.1%. The last column of the table indicates the same results, where the fifth deals causes 
a loss of 40.4% across all acquisition sequences, after which clear gains in the profit effi-
ciency occur.

Table 8, supplemented by Fig. 7, summarizes the diagonal component of Tables 4, 5 
and 6. This table shows the marginal change in the last deal after which acquirers exercise 
no more acquisitions, that is, the acquirer does not exercise what it learned from its previ-
ous acquisitions.

The value of this last deal’s efficiency effect is that this is the deal where the acquirers 
will give up or stop acquiring more targets because of either stopping the efficiency loss 

Table 8  The last deal marginal efficiency changes

Deal-to-deal Revenue Z-value Cost Z-value Profit Z-value

1–2 − 0.004 − 0.285 − 0.101 − 3.871 − 0.039 − 1.967
2–3 0.007 0.382 − 0.094 − 0.995 0.003 0.137
3–4 − 0.019 − 0.843 − 0.216 − 2.941 − 0.009 − 0.296
4–5 − 0.238 − 4.536 − 0.139 − 0.652 − 0.416 − 2.280
5–6 − 0.116 − 1.909 − 0.044 − 0.817 − 0.109 − 2.301
6–7 − 0.066 − 0.581 0.025 5.486 − 0.034 − 0.238
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Fig. 7  The last deal’s marginal efficiency changes
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when the acquirer can handle no more efficiency losses or because of being satisfied with 
the efficiency enhancement when the acquirer achieves the targeted efficiency levels. The 
results show that the fifth and the sixth deals are the most destructive with regards to the 
revenue efficiency at − 23.8% and − 11.6%, respectively. Other deals still show a negative 
but insignificant trend, with the third deal as the only exception. Cost efficiency decreases 
after the third deal by − 10% (1 year earlier than the revenue efficiency reduction) but starts 
to increase to 2.5% by the seventh deal. The profit efficiency results show that there is a 
significant decrease after the second deal of − 3.9% (driven by the cost efficiency) and a 
significant decrease following the fifth and sixth deals of − 41.6% and 10.9% respectively 
that are driven by the revenue efficiency. Following the seventh deal, acquirers have an 
insignificant negative loss in profit efficiency of − 3.4%.

Summing up, the above results show that early acquisitions (one to three) have positive 
efficiency changes, the fourth and fifth acquisitions have the most severe efficiency losses, 
while the sixth and seventh deals have fast and significant efficiency gains. As mentioned 
earlier, this paper is not intended to test any of the existing related theories, but the results 
indicate that the first three acquisitions positively enhance the acquirer’s revenue efficiency 
and decrease the cost efficiency with lower rates than the revenue efficiency gains, but the 
cost efficiency loss reaches its maximum by the fourth deal. The results are consistent with 
the managerial hubris theory. The loss is followed by efficiency gains afterward that reflect 
a trend that is consistent with the managerial learning theory.

4.2  The market reaction results

In this subsection, the stock market reaction to the acquirers, and targets are represented 
using several short-term and long-term event windows while controlling for the deal series. 
However, the long-term market reaction is given more weight when representing the 
acquirer, while the short-term windows are given more weight for targets given that they 
are delisted shortly after the acquisition.

Table 9 represents the acquirers’ CARs and the t-statistics. The table indicates that the 
short-term windows (− 1 to 1) and (− 15, 15) have the most significant reactions. The table 
shows that in the short run, the more frequent the acquisitions, the greater the acquirer’s 
loss in stock price. The table shows that the first deal causes an average loss of 1.62% and 
reaches 2.99% in reaction to the sixth deal. However, there are acquisitions series with no 
significant market reaction (fourth, fifth, eighth, and ninth). This lack may indicate that the 
market gets used to the frequent acquisitions, but acquirers keep surprising it from time to 
time. In the long run, only the third and fourth deals have significant losses with an average 
of 25.8% (− 200 to 200) and 23.6% (− 160 to 160) respectively. These results show that the 
market starts reacting differently for serial acquirers with three to four acquisitions in the 
long run rather than in the short run.

Table 10 represents the targets’ CARs when acquired by acquirers with different levels 
of experience. Consistent with the acquisition literature, targets have significant positive 
returns for most event windows. However, the table shows that the t-statistics decrease as 
the number of acquisitions increase but are significant for the short run windows and for 
most of the long-run event windows. The table shows that targets with four acquisitions 
have the highest market return of 22.8%, 29.2%, and 34.5% for the three short-term event 
windows respectively. Further, the table shows that in the long run some returns lose sig-
nificance, and the superiority of the fourth deal is no more the case. The sixth, seventh, and 
eighth deals for targets are now the ones with higher returns with a range from 42.7 to 50%.
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The table shows that the targets in four, five, eight, and nine acquisitions have signifi-
cant loses in their returns in the long run. This result coincides with the acquirer’s market 
reaction for the same number of deals. Again, this result indicates that the market does not 
only treat frequent acquirers in a different way but also their selected targets by reacting 
with less fervor. These results show that not only the number of deals affect the acquirer’s 
returns but also the target’s returns as well. This finding is new to the acquisition literature.

4.3  Likelihood of making more deals results

The results of the OLS and the Probit regression are presented in this subsection. The 
intended objective is to test the likelihood that acquirers will perform more than one 
acquisition by testing for the possible endogeneity in both models. Table 11 presents the 
results. The dependent variable is a binary variable that equals zero if an acquirer made 
one deal during the period and equals one if it made more than one deal. However, the 
results of both models are identical. Consistent with Doukas and Zhang (2014) and Shams 
and Gunasekarage (2016), the results show that the probability of acquiring more than 
one target is negatively related to the relative size, and vice versa. Practically, this result 
means that frequent acquirers tend to merge with smaller targets, while the banks with one 
merger tend to merge with larger acquirers. The table also shows that the acquirer’s ROA 
has a positive effect on the probability of more acquisitions and this probability increases 
if the target is successful in converting its deposits into performing assets as represented 
by TLLID. Consistent with Beccalli and Frantz (2016), this result indicates that the highly 
profitable acquirers’ tendency to acquire more targets is conditioned on finding targets with 
high performing holdings of assets. The higher significance of TLLID than AROA shows 
that the target’s operating assets to deposits ratio is a stricter condition for multiple acquisi-
tions than the profitability of acquirers. However, a high TLLID ratio indicates that a short-
age of liquidity makes this ratio dually informative, once it delivers a positive indication of 
a high ability to generate performing assets, and another by indicating increasing liquid-
ity risk. Weak, but strong are characteristics make acquirers favor more acquisitions. Effi-
ciency wise, the table shows that revenue efficient targets that are driven by their cost rather 
than their revenue efficiency increase the probability of attracting experienced acquirers. 
The results of this subsection indicate that relatively small targets with a low liquidity ratio 
and a high cost efficiency are more likely to be acquired by experienced acquirers.

To detect if the regression models contain endogeneity, we used the Hausman test for 
endogeneity. We run a 2SLS under the null hypothesis that the LLID is exogenous. The 
Hausman test compares the OLS and six estimates to check for significant differences. If 
significant differences are indicated, then the regressor is endogenous. If there are no sig-
nificant differences, then the regressor is exogenous. We use the ratio of earning assets to 
total assets as the instrumental variable because it is relatively highly correlated with LLID 
but less correlated with the dependent variable. Since the p values of the Hausman specifi-
cation test (HT) are relatively high, there is no evidence of endogeneity.

5  Conclusions

The acquisition literature presents two widely tested hypotheses: the managerial hubris and 
the learning hubris hypothesis. However, most of the literature has used market reaction 
methods to study the consequences of serial acquisitions on stocks prices.
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This study attempts to fill the gap in this literature in several ways. First, the sample only 
comprises banks, which are screened out from any samples in the acquisition literature. 
Second, the sample period (1992–2007), which covers the fifth and sixth acquisition waves 
by US banks after historic deregulation. Third, and most importantly, this study uses the 
DEA to track the changes in deal-to-deal revenue, cost, and profit efficiencies, and conse-
quently, is able to identify the acquisitions that maximize or minimize the gains or losses 
in efficiency.

The results show that banks that acquire fewer than three targets or more than five tar-
gets have the most efficiency-enhancing deals, while the fourth and fifth acquisitions are 
the most efficiency-destroying deals. The results also show that the losses in cost efficiency 
start earlier than the losses in revenue efficiency by one year. This finding can be explained 
by the fact the acquirers pay in advance for the targets, while restructuring delays revenues. 
Accordingly, the results support both the managerial hubris hypothesis, where managers 
gain more confidence because of the increasing efficiency gains following their early deals 
and the learning hypothesis, where after a few efficiency-destroying deals they could be 
wiser in selecting targets. The results, generally, show zigzag efficiency trends that indi-
cates acquirers should not engage in no more than three deals, or less than five.

This study further analyzes the market reaction to a serial acquirer and their targets by 
using short- and long-term event windows. The results show that acquirers’ stock returns 
lose the least in the short run after the third and fourth deals but lose most in the long run 
for the same number of acquisitions. The market reaction to targets shows that the fourth 
acquisition has the highest market return for the three short-term event windows, while a 
higher number of acquisitions has higher returns in the long run. The inverse returns for 
acquirers and targets seem not only to be applicable for the cumulative abnormal returns, 
but also for the number of acquisitions and the event windows. This study gives evidence 
that the third and fourth acquisitions are the ones that destroy the acquirer’s efficiency and 
market returns the most.

Finally, the results of the multivariate regression models indicate that experienced 
acquirers are not defined by their lust to acquire, but rather they are highly selective when 
choosing their targets where they favor relatively small targets with a high percentage of 
performing assets, low-liquid targets, with high cost efficiencies.

Appendix 1

See Table 12.
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