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W/7/ deregulation cause too much concentration in 
banking markets? This article, based on an Atlanta 
Fed working paper, explores the relation between 
bank size and innovation and suggests a trade-off 
between concentration and technical advance. 

How would extensive deregulat ion of the U.S. 
commercial banking industry affect concentra-
t ion of financial resources? Would signif icantly 
fewer banks of much larger size lead to higher 
pr ices as c o m p e t i t i o n d im in i shed , or w o u l d 
benef i ts that come with size be passed on to the 
consumer? These are some of the quest ions 
that arise in the ongoing discussion about the 
pros and cons of banking deregulat ion. Unfor-
tunately most of the a t tempts to respond to 
these concerns have b e e n theore t i ca l and 
based on a less than comple te analysis of the 
costs and the benef i ts of large-scale banking 
operat ions. One critical p iece to the deregula-
t ion puzzle that has not been suff iciently ana-
lyzed, for example, is the impact of technological 
innovat ion among large banks as a source of 
bo th po ten t ia l cost bene f i t s and in tens i f i ed 
market concentrat ion. 

Recent ev idence suggests that s igni f icant 
operat ing cost economies are available to large 
banks due to their abi l i ty to ut i l ize technolog-
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ically eff icient processes and equipment . 1 This 
research contrasts sharply wi th the widely as-
sumed view that economies of scale are ex-
hausted at a fair ly smal l size level of bank 
operation—an assumpt ion that rests largely on 
numerous studies which fail to f ind signif icant 
cost economies beyond the $30 to $50 mi l l ion 
level of output , typical ly measured using total 
assets (See Mester [ 1987| for a review of the 
l i te ra tu re suppo r t i ng th is concept ion) . How-
ever, because these s tud ies have re l i ed on 
small bank samples, part icularly on Federal Re-
serve System Functional Cost Analysis survey 
data, they have excluded banks larger than $1 
b i l l ion in assets and have taken for granted that 
the results for banks smal ler than $1 b i l l ion 
could be app l i ed to all banks, irrespective of 
how large. More recent research expl ic i t ly ex-
amining large-scale banking organizations sug-
gests that previous supposi t ions about econ-
omies of scale may be wrong, that commercial 
banking operat ions in fact exh ib i t economies of 
"superscale."2 

A study by Hunter and T imme (1986) found 
signif icant scale economies in a sample of large 
bank ho ld ing companies dur ing the 1970s and 
early 1980s. Not only d i d technical change add 
to economies of scale in bank operat ing costs 
dur ing the per iod surveyed, bu t a large opera-
t ion appeared essential to exploi t the full poten-
tial of scale economies. 

The avai labi l i ty of economies of superscale 
suggests that pol ic ies al lowing the format ion of 
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larger banks do not necessarily run counter to 
the pub l ic interest. However, economies of 
superscale have some negative implications for 
long-term economic welfare that must be con-
sidered in policy decisions as well. The posit ive 
implications can be traced to a hypothesis set 
forth by Joseph Schumpeter (1984) and elabo-
rated by John Kenneth Galbraith (1952). It states 
that large-scale enterpr ise is conducive to 
innovation. According to this view, bigger firms 
wi th large economic prof i ts and f inancial re-
sources are better able to develop and adopt 
technologically efficient equ ipment and pro-
cesses and adapt more readi ly to external 
changes in order to reduce costs. If the benefits 
available to larger firms with a technological 
advantage are passed on to the consumer, 
then the usual economic arguments concerning 
the potent ial for prices to be higher than their 
social opt imum in firms with market power are 
less significant. Accordingly, public policy de-
voted to regulating concentration and making 
industries more compet i t ive may lose much of 
its rationale. The negative dimension of the 
Galbraith-Schumpeter hypothesis concerns the 
long-run possibi l i ty that these larger organiza-
tions, since they enjoy faster rates of innovation, 
wil l ult imately develop excessive market power 
to the detr iment of consumers. 

The policy questions surrounding the innova-
t ion issue depend critically on the empir ical 
relationship between bank size and the rate of 
innovation as well as market structure. If larger 
banks innovate faster than smaller banks, they 
would enjoy faster rates of cost decl ine over 
t ime while keeping input prices and output con-
stant. Theoret ical ly this impl ies a risk of in-
creased concentration. This is especially so if 
the rate of cost decline increases as bank size 
increases. However, if the rate of cost decl ine 
eventually levels out or decreases as banks get 
larger, the concentration issue is less important. 
In this situation, bank combinations, such as 
those taking place through various regional 
in terstate bank ing agreements, cou ld he lp 
smaller firms achieve the scale of the operation 
necessary to exploit the full potential of cost 
economies. In either case, the essential publ ic 
policy issue is whether regulation of banking 
combinat ions can be fo rmula ted so that i t 
allows banks to realize the benefits of being 
larger without opening the door for innovators 
to develop excessive market power in the long 
run. If the largest banking organizations do not 
show faster rates of innovation, then policy-
makers should be less concerned over the 

possibi l i ty that some banks might amass ex-
cessive market power. 

This research suggests, among other findings, 
that despi te the economies of scale available to 
larger banks, they do not enjoy a faster rate of 
technological innovation. In fact, the smaller 
banks in the study appeared to innovate more 
quickly, implying they wil l eventually approach 
the level of technological sophist icat ion at 
larger banks and achieve cost structures com-
parable to those of the larger banks. 

Analyzing a sample of bank holding com-
panies between 1972 and 1982, with asset sizes 
ranging between $0.6 b i l l ion and $41 bi l l ion in 
1972 and $1.3 to $130 bi l l ion in 1982, the re-
search presented here prov ides previously 
unavailable evidence about the relationship 
between innovation and bank size. This evi-
dence in turn suggests insights that may help to 
evaluate the alternatives for the future direction 
of bank regulation. 

The Impact of Market Concentration 

Casual analysis of U.S. banking deposit statis-
tics shows that nat ional concentrat ion ratios 
have remained roughly constant since 1970 and 
tend to be qui te low compared to most other 
American industr ies. Local banking markets, 
including states, metropol i tan stat ist ical areas 
(MSAs), and non-MSAs, though more concen-
trated than regional or national markets, have 
actually become less concentrated in recent 
years. The persistent decl ine in local market 
concentration has been documented by Talley 
(1977) and more recently by Rhoades (1985a). 
Clearly, however, recent regional in terstate 
banking agreements and resulting bank mer-
gers will increase concentration of bank resources 
at the regional level. In addit ion, the advent of 
interstate banking wil l undoubtedly intensify 
the concentration of banking resources on a 
national basis. 

While conventional theory suggests that con-
centration erodes compet i t ive condit ions in a 
market, it does not quant i fy the size of the 
impact of concentration on prices. Empirical 
analysis can answer this question. Most of the 
many empirical studies examining the relation-
ship between market concentration and bank 
prices examine concentration at the local rather 
than at the regional or national market level. 
Although the results are mixed, the weight of 
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th is ev idence suggests that loan rates are 
slightly higher in more concentrated local mar-
kets.3 However, the importance of these find-
ings is d im in ished by the small size of the 
relationship among the coefficients that emerge 
in the analysis, the lack of compel l ing evidence 
that concentration ratios in local banking mar-
kets will increase significantly under full-scale 
structural deregulation, and the possibil i ty that 
these studies all suffer from serious method-
ological flaws.'1 Furthermore, these f indings, 
which are derived from studying local market 
behavior, may not be relevant to regional or 
national concentrat ion issues. Even if these 
objections to the pert inence of prior studies' 
findings are dismissed, local market concentra-
tion is not the only factor to consider in judging 
the impact of a proposed merger. Meaningful 
pol icy inferences seem to demand further 
analysis of the Galbraith-Schumpeter hypoth-
esis, which is to say, an evaluat ion of the 
merger's potential for accelerating a firm's rate 
of technological innovation. 

Determining the Potential for 
Accelerated Innovation 

The overall product iv i ty of a banking opera-
t ion can be readily analyzed using the bank's 

production function, which measures the or-
ganization's output in relation to its productive 
inputs and organizational characteristics: 

Q = h(X, B, H) (I) 

where Q is output, X is a vector or composi te 
variable representing labor and capital inputs, 
B is the number of banking offices, and H is a 
bank's ho ld ing company form (mul t ibank or 
one-bank). Assuming profit-maximizing behav-
ior, the bank's total cost of producing its output 
can be expressed as a funct ion of the ou tpu t 
level, the prices of labor and capital inputs, and 
its organizational characteristics: 

C = f(Q, P, B, H). (2) 

In equation (2) C is aggregate cost, P is a vector 
representing input prices for capital "PK" and 
labor "P l " , and all other variables are as def ined 
in equat ion (I). 

Technical change in product ion is def ined as 
occurring when the maximum or most eff icient 
output that can be produced from any given set 
of inputs increases over t ime due to such factors 
as experience, increased knowledge, be t te r 
p roduc t ion techn iques and equ ipmen t , or 
changes in external factors such as the market 
environment. Technical change can take place 
separately from "factor" inputs such as shifts in 
the approach to management, production pro-
cesses, or regulat ion; or i tcan be e m b o d i e d in 
factor inputs, for example, in newer, more effi-
c ient capital equ ipmen t or a more ef f ic ient 
work force. 

Traditionally, technical change is gauged by 
including a technology index in the aggregate or 
total cost function. Since it is dif f icult to measure 
technology direct ly, the technology index is 
most often taken to be t ime: holding output and 
input prices constant, any changes in aggregate 
costs over t ime must be due to technological 
innovations. While the use of a t ime index cap-
tures all the technical change occurring over a 
given period, it does not directly reveal the sources 
of the technical change. However, sources of the 
change can be determined from information 
revealed by shifts in the components of the cost 
function through time, and the changes can be 
categorized on the basis of their impact on 
inputs of labor and capital per unit of output. 
The final form of the cost function, then, can be 
written as follows, where T, a t ime (technological 
change) index, has been added: 

C = f(Q, P, B, H, T). (3) 
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To apply equat ion (3) in the analysis of bank pro-
duct ion, it must be given an expl ic i t form suit-
ab le for stat is t ical analysis. The genera l i zed 
form used in the analysis is presented in the 
append ix along wi th the specif ic detai ls of how 
technical change is measured using the gen-
eral ized cost function. A test for the Galbrai th-
Schumpeter hypothesis is also descr ibed. 

Analyzing the Data. To carry out the statistical 
analysis of bank product ion and cost charac-
teristics, data were co l lec ted for the I I -year 
per iod 1972 through 1982 for 91 bank ho ld ing 
companies operat ing in a total of 28 states.5 The 
sample banks' asset sizes ranged from $0.61 
b i l l i on to $40.89 b i l l i on in 1972 and $ 1.30 b i l l i on 
to $130 b i l l i o n in 1982. For each year, each 
bank's operat ing costs (C) were est imated by 
summing depreciat ion, occupancy and service 
expense (for physical capi tal) , and salaries, 
wages, pens ion , and e m p l o y e e bene f i t s (for 
labor). 

Bank ou tpu t (Q) equa led total loans, invest-
men t securit ies, and deposi ts adjusted for loan 
and security loss reserves.6 Thus, bank ou tpu t is 
de f ined according to the idea that real bank out-
pu t (as o p p o s e d to pure ly f inancia l ou tput ) 
inc ludes depos i t s as we l l as earn ing assets, 
since deposi tors receive benef i ts such as se-
curity or l iqu id i ty f rom depos i t accounts and 
banks incur posi t ive costs for prov id ing these 
benefi ts. Using this def in i t ion of bank output 
and concentrat ing on operat ing costs as op-
posed to total costs, the analysis measures the 
effect of technical change on the ef f ic ient ut i-
l izat ion of internal bank resources to produce 
and maintain deposi ts and earning assets. 

The technology index (T) was assigned a value 
between 1 and 11 for each of the years between 
1971 and 1982: I for 1972, 2 for 1973, and so 
forth. The banking office variable (B) was the 
number of banking offices repor ted on the Bank 
Compustat fi le. The pr ice for labor (PL) was de-
r ived using aggregate state data from the FDIC 
Bank Operating Statistics and County Business Pat-
terns.7 For each year and state inc luded in the 
study, the price of labor was est imated by d iv id-
ing total aggregate bank-re lated labor costs by 
total bank employees. Indiv idual banks were 
assigned the price of labor for the state in which 
they were headquartered. The price for physical 
capital (PK) was de f ined as the sum of deprecia-
tion, occupancy, and servicing expenses, d iv id-
e d by the book value of net bank premises, 
fu rn i ture , e q u i p m e n t , and f ixtures. Both t he 
total cost and ou tpu t measures are stated in real 

terms, that is 1972 dollars, using the consumer 
price index as the deflator.8 

How Bank Structure and Size 
Affect Technical Change 

This analysis found that dur ing the per iod 
s tud ied, one-bank and mul t ibank ho ld ing com-
panies exper ienced the same amount of techni-
cal change. Because it is an expens ive and 
ineff ic ient way to expand output , branching in 
mul t ibank ho ld ing companies offset any advan-
tage that larger size might offer. Whi le the study 
gave some indicat ion that technical change was 
capital-using and labor-saving, and def in i te ly 
showed that labor's share of total operat ing 
costs had decreased over t he pe r iod , these 
results were not strong enough to reject the 
possib i l i ty that technical change had a neutral 
impact in this regard. Finally, these results sug-
gested that, in fact, medium-s ized banks inno-
vate faster than large banks. Given this apparent 
reject ion of the Galbraith-Schumpeter hypothe-
sis that the rate of innovat ion increases as a 
bank gets larger, the study a t tempted to deter-
mine the size at which innovat ion is maximized. 
The analysis showed that $24 b i l l ion in total 
assets, va lued in 1986 dollars,was the most eff i-
c ient size for maximizing innovation. The aver-
age sample bank was about $2.9 b i l l i on smal le r 
than the op t imum size requ i red to enjoy the 
maximum rate of change. These f indings cou ld 
have some important impl icat ions for dereg-
ulat ion. 

Bank Structure and Technical Change. Over 
the sample per iod, one-bank and mul t ibank 
h o l d i n g c o m p a n i e s e x p e r i e n c e d t he same 
amount of technical change. Whi le the mul-
t ibank ho ld ing companies were larger than the 
sample one-bank ho ld ing companies, th£ econ-
omies associated wi th be ing larger were sig-
nif icantly offset by the expense of their larger 
number of branches. Al though one-bank hold-
ing compan ies b e n e f i t e d f rom having fewer 
branches, as a resu l t they were smal le r in 
a b s o l u t e scale than t he m u l t i b a n k h o l d i n g 
companies. 

As no ted earlier, the changes associated wi th 
the passage of t ime have been used as a proxy 
for the inf luence of technological change on 
bank costs. However, other inf luences on bank 
costs—the leve l of ou tpu t , cap i ta l and labor 
costs and inputs, the number of offices, and 
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Table 1. 
Parameter Estimates of Cost Function in Equation (5) 

(Calculated t-statistics in parentheses) 

Parameter Estimate Parameter Estimate Parameter Estimate 

ß o 
0.867 

(4.57)*** 
ß « B 0.006 

(3.09)*** 
ß o Q T 0.030 

(4.66)*** 

ß Q Q 
-0.004 

(-0.15) 
ß H 

-0.890 

(-2.85)*** 
ß « T 

0.002 

(1.19) 

ß x 
0.188 

(11.37)*** 
ß H Q 0.051 

(1.26) 
ß B T 

0.022 

(1.46) 

ß K K 0.040 

(14.19)*** 
ß K H 0.010 

(1.76)* 
ß ß B T 

-0.004 

(-1.03) 

ß K Q -0.006 

(-2.47)*** 
ß B H 0.096 

(3.05)*** 
ß H T 0.001 

(0.03) 

ß B 
0.120 

(1.33) 
ß T 

1.196 

(5.00)*** 
ß o -3.513 

(-4.59)*** 

ß ß B 0.031 

(2.72)*** 
ß l T 

-0.174 

(-8.70)*** 

ß Q B 
-0.022 

(-2.15)** 
ß Q T -0.270 

(-4.85)*** 

*Significant at the .10 level 
**Significant at the .05 level 

***Significant at the .01 level 

ho ld ing company status—also change over t ime. 
These inf luences must be removed to est imate 
the effect of technological change alone. To do 
this, an index which measures the inf luence of 
t ime (technology) has b e e n c o m p u t e d using 
the basic cost function. (The algebra for the 
index is shown in equat ion (6), Appendix.) The 
index is ca lcu la ted using data g iven by t he 
values of the parameters shown in Table l and 
the grand geometric means of the variables in our 
model . 

The technical change index that results f rom 
these calculat ions equals -.215, a value indicat-
ing that the sample banks en joyed signif icant 

product iv i ty gains from technological advance 
over the pe r iod s tud ied, ref lected in real cost 
decl ines of 1.5 to 2.0 percent per year.9 Separate 
indexes for mul t ibank and one-bank ho ld ing 
companies moreover show no di f ferences in the 
extent of savings due to technological advance 
for the two di f ferent types of organizations.10 

These results imply that no systematic advan-
tage accrues to banks operat ing in states wi th 
one-bank and mul t ibank laws, and they should 
be impor tant in structural regulat ion debates. 

The parameter value of (3KT in Table 1 sheds 
l ight on the nature of the measured technical 
change over the sample per iod. A posi t ive value 
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means that the technical change was capital-
using. In other words, capital's share of total 
operating cost increased over the period. Sim-
ilarly, the value of labor's share of total operat-
ing cost is measured by pLT, which is not shown 
in Table 1 but is by defini t ion equal to the nega-
tive of pKT. The value of pKT in Table 1 is .002, 
implying a (3LT value of -.002. Thus, the technical 
change over the sample per iod would be clas-
sif ied as capital-using and labor-saving; that is, 
labor's share of total operating cost decl ined 
over the period. However, the parameter value 
.002 is not statistically significant, which means 
that l i t t le confidence can be placed in this num-
ber and that it should be taken as zero in the 
stat ist ical sense. Thus, whi le the technical 
change over the period appears to have been 
labor-saving and capital-using, statistically, the 
possibil i ty that it was actually neutral cannot 
be rejected. 

Even though the impact of technical change 
or innovation was found to be statistically neu-
tral, this result should not d imin ish the impor-
tance of the finding that technical change low-
ered aggregate operating costs for the sample 
banks. In conjunction with the f inding that over 
this same period large scale banking was more 
conducive to technical change, the lower oper-
ating costs in response to technical change sug-
gest that if banks expand their scale they will be 
bet ter able to maximize available operat ing 
cost scale economies. However, it does not 
follow that banks should expand their scale in 
an unl imited fashion. As in many economic rela-
tionships, there exists a point of diminishing 
returns to scale expansion. Determining the 
optimal size for fully exploit ing these tech-
nology- induced cost economies wil l be the 
focus of a later discussion. 

Changes in structural regulation that allow 
smaller banks to move toward a size conducive 
to realizing technology-based cost economies 
may, then, be in the public interest, even if it 
implies fewer individual banks and increases 
the concentration of banking assets. For exam-
ple, between 1966 and 1983, eighteen states 
made significant changes in their lawsgoverning 
bank structure (Amel and Savage, 1986). Of the 
twenty changes that were made (two of the 
eighteen states made two changes), ten l iber-
alized branching laws and ten allowed the for-
mat ion and expansion of mul t ibank ho ld ing 
companies. In 90 percent of these cases, the rate 
of decline in the number of banks after the 
liberalization of banking laws exceeded the 
rate of decline before the change in the law, with 

a concomitant increase in the concentration of 
bank assets in the state. However, on the basis 
of findings by Hunter and Timme (1986), Shaffer 
and David (1986), and the results reported here, 
it is not possible to conclude that these seem-
ingly anticompetit ive trends are, in fact, det-
rimental toconsumer welfare.11 The increases in 
scale may provide benefits that more than com-
pensate for increases in concentration.12 These 
benefits include, but are not l imi ted to, lower 
prices and more services. Benefits not-
withstanding, if it were the case that large-
scale enterprises implemented technology at a 
rate faster than smaller banks, the danger of 
overconcentration of market power would sti l l 
exist. Thus, the Galbra i th-Schumpeter hy- 1 
pothesis must be examined. 

How Size Affects the Rate of Change. The 
Galbraith-Schumpeter hypothesis that larger 
firms innovate at a faster rate than smaller firms 
is tested using equation (7) and the estimated 
value of the parameter (3QQT in Table 1. The 
parameter (3QQT measures how total operating 
costs change over t ime with bank output as out-
put increases. Stated differently, it measures 
the impact of increases in output on the impact 
of technical change on scale economies. A nega-
tive value means that larger banks innovate at a 
faster rate than smaller banks. The parameter 
PQQT has an estimated value of 0.03 which is 
significant at the .01 level. In other words the 
probabi l i ty is only 1 in 100 that this f ind ing 
occurred by chance. We, therefore, reject the 
Galbraith-Schumpeter hypothesis for our banks 
over the sample period. 

In analyzing how size affects the rate of 
technological change, statist ical ly significant 
evidence emerged that the smaller banks in the 
sample innovate at a faster rate than the larger 
ones. This f inding is important since, as stated 
earlier, if the rate of innovation or technical 
advance increases with respect to bank size, 
then judicious regulation of banking com-
binations is in the public interest. If, on the 
other hand, the rate of innovation or technical 
change is smaller for large banks, such regula-
t ion cou 1 d be dupi icating market forces. If 1 arger 
banks d id innovate faster, then, without judi-
cious regulation, excessive market power (mo-
nopoly) would be possib le because larger 
banks could outpace smaller banks. If costs fell at 
a faster rate for larger banks, in the long run only 
a few extremely large institutions with excessive 
market power would survive in an unregulated 
environment. Our f inding implies that smaller 
banks can survive over t ime since their cost 
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structures wil l converge with those of the largest 
banks if they continue to advance technically. 

The Optimum Size for Innovation. At what 
scale of operation (output level) d id this anal-
ysis show that the rate of technical change was 
maximized? According to these results, the 
opt imal output size is approximately $8.1 bi l-
lion, based on our estimation of the cost func-
tion. (Output was defined, once more, as total 
loans, secur i t ies, and depos i ts ad jus ted for 
reserves and is stated in real terms.) The aver-
age output of banks in this study was $5.2 bi l l ion 
over the sample period. Thus, the average sam-
ple bank was approximately $2.9 b i l l ion smaller 
in scale than the opt imal size required to enjoy 
the maximum rate of technical change. There-
fore, any regulatory restrictions preventing the 
sample banks, which were on average signifi-
cantly smaller than the $8.1 b i l l ion opt imum, 
from approaching the opt ima l size through 
merger or some other forms of expansion may 
not have been in the public interest. In 1986 
dollars, the opt imal scale translates into $21.23 
b i l l i on in loans, investment securit ies, and 
deposits, or approximately $24 bi l l ion in total 
assets.13 

To arrive at these results, the partial deriva-
tive (see Appendix) 

d2 lnC/dlnTdlnQ = (3QT + PQQXlnQ (4) 

was set equal to zero, and solved for Q (Q = 
exp((3QT/PQQT)). This partial derivative mea-
sures the impact of scale on technical change 
and can be used in conjunction with the esti-
mated parameter values from Table 1 and the 
grand geometric mean value for InQ to f ind the 
opt imal size for exploi t ing technical change. 

The Implications for Deregulation 

The empirical f indings reported here should 
provide interesting fuel for the current inter-

state banking debate. For example, some bank-
ing authorit ies have recently urged Congress to 
l imi t concentration as a matter of course in any 
interstate banking legislation.14 These results 
suggest, however, that legislation judging bank 
merger activities solely on the basis of concen-
tration ratios could prevent some socially ben-
eficial banking combinations from taking place. 
In addi t ion to concentration ratios, this study 
indicates that any legislation should also con-
sider the potential cost-reducing benefi ts re-
sult ing from the relat ionship between technical 
change and the scale of output. This is par-
ticularly true in cases where only a few banks 
compete in a given market and where higher 
market concentration is the inevitable result of 
merger activity. In such situations the empirical 
findings offered here take on added impor-
tance, indicating that the regulation of this class 
of banking combinations should be formulated 
in a manner that allows banks to realize the 
benef i ts of be ing larger w i thou t leading to 
situations where excessive market power results 
in welfare losses to the public. 

Conclusion 

Widespread concern exists that the increased 
concentration in banking markets that would 
occur under structural deregulation might result 
in excess market power. This study suggests 
that these concerns should be tempered by a 
consideration of the benefits that could result 
from increased scale. Examining the impact of 
technical change on bank costs along with the 
relat ionship between bank size and the rate of 
technical change shows that the positive ben-
efits of technical change, which generally re-
quire bigness, may potential ly offset the neg-
ative aspects of increased concentration. Thus, 
informed structural regulation of the banking 
industry should weigh the trade-off between 
concentration and technical advance. 
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APPENDIX 
The Generalized Cost Function 

The recent studies by Benston and others 
(1982), Clark (1984), Humphrey (1981a, b), and 
Hunter and Timme (1986) have demonstrated that 
a flexible form of equation (3) which performs quite 
well in the analysis of bank cost functions is the 
translog approximation. To analyze technical 
change in more detail, a truncated third-order 
translog model similar in structure but more 
general and flexible than the second-order model 
used by Hunter and Timme (1986) is used.15 The 
truncated third-order translog approximation of 
the cost function in equation (3) stated in terms of 
the price ratio PK /PL is:16 

ln(C/PL) = p Q + PqlnQ + 1/2(3QQ(lnQ)2 

+ PKNPK/PL) + V2pKKln(PK/PL)2 

+ pKQlnQln(PK/PL) + PB lnB 

+ 1/2pBB(lnB)2 + 3QB lnQlnB 

+ PKB ln(PK/PL) |nB + PHh 

+ P H Q l n Q H + p K H H l n ( p K / p L ) 

+ pBHHlnB + PylnT + l / ^P^ InT ) 2 

+ pQTlnQlnT + 1/2(3QQTlnT(lnQ)2 

+ pKTlnTln(PK/PL) + pBTlnTlnB 

+ 1/2pBBTlnT(lnB)2 + pHTlnTH (5) 

In equation (5) H is assigned a value of one for 
multibank holding companies and zero for one-
bank holding companies. Hence, the parameters 
PH, pHQ , pKH, PHB, and pHT reflect the differences in 
one-bank and multibank holding company cost 
structures. Using equation (5) and letting C repre-
sent scaled cost, technical change is given by: 

= pT + PjylnT + pQjInQ + 1/2pQQT(lnO)2 

+ PKTln(PK/PL) + pBT lnB 

+ 1 / 2 p B B T ( l n B ) 2 + P H T H (6) 

If plnC/plnT < 0, technological change allows the 
same level of output to be produced at lower costs, 
or conversely, a greater level of output to be pro-
duced at the same level of aggregate costs. Any 
observed technical change can be categorized 
(using the Hicksian definitions) by examining the 
statistical values of pKT (and pLT) from the esti-
mated cost function. For example, if pKT (pLT) is 
found to be positive and significant, then the 
observed technical change is said to be capital-
using (labor-using). Likewise, if PKT (PLT) is not 
significantly different from zero, the technical 
change is said to be neutral. Finally, if PKT (PLT) is 
significantly negative, the technical change is con-
sidered capital-saving (labor-saving). 

A concomitant consideration, which is the focal 
point of this paper, is whether larger banks in-
novate at a faster rate than smaller banks. In terms 
of the aforementioned Galbraith-Schumpeter 
hypothesis, this question is explored by examin-
ing how aggregate costs change over time as 
output is increased. Mathematically, this is deter-
mined by the following partial derivative: 

d [d2lnC/dlnTdlnQ]/dlnQ = ßQ Q T (7) 

If P Q Q T is negative, evidence is provided that 
larger banks innovate at a faster rate than smaller 
banks. If this parameter value is positive, then 
larger banks tend to innovate at a slower rate than 
smaller banks. That is, the rate of innovation de-
creases with respect to increases in bank size. In 
this case, an additional consideration is optimal 
bank size defined relative to technical change. For 
example, over a given period banks of all sizes 
may experience advantageous technical change. 
However, an important question is, at what level of 
output is the rate of innovation or technical change 
maximized? (See "The Optimum Size for Innova-
tion," this article.) 
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N O T E S 

'See Hunter and T imme (1986), Shaffer (1984), and Shaffer and 
David (1986). The majori ty of studies examin ing bank cost func-
t ions have concentrated on the measurement of scale economies. 
See, for example, the studies by Bell and Murphy (1968), Benston 
(1965, 1972), Benston and others (1982), Greenbaum (1967), 
Humphrey (1981 a, 1981 b), Kal ish and Gilbert (1973), and Murphy 
(1982). See Gill igan, Smir lock, and Marshall (1984) for an analysis 
of economies of scope in banking, and McNul ty (1982) for a study 
of scale economies in the savings and loan industry. 

See Hannan and McDowel l (1984) for an analysis of the deter-
minants of banks ' w i l l i ngness to adopt new techno logy . The new 
technology examined in their s tudy is exempl i f ied by automatic 
teller machines. 

2Hunter and T i m m e (1986) , Shaffer (1984) , and Shaf fer a n d Dav id 
(1986). Research into the impact of technical change on bank pro-
duct ion and on economies of superscale is in its infancy. As more 
studies are conducted , more definitive conclus ions concern ing the 
relationship between technical change and scale economies and 
the consequent tradeoff between concentrat ion and innovation in 
bank markets wi l l be for thcoming. Identif ication of specif ic technol-
ogy indexes for use in bank cost funct ions wil l also facil itate the 
ident i f icat ion of the exact sou rces of any observed techn ica l 
change. The authors are current ly under tak ing some of that work, 
as wel l as examin ing the data for more recent years. 

3The recent studies by Rhoades (1985b) and Smir lock (1985) exam-
ined the relationship between a bank 's market share and its earn-
ings pe r fo rmance . Bo th s tud ies repor t a posi t ive, s ign i f i can t 
relat ionship between bank market share and profitability; however, 
the authors interpret this result quite differently. Rhoades v iews the 
f indings as indicative of marke t power , wh i le Smi r l ock in terprets 
the results as reflecting super ior operat ing eff ic iency of the larger 
bank ing firms. Both studies concentrate on bank earnings rather 
than pr ices and costs. Thus, both interpretations, whi le plausible, 
do not provide unambiguous evidence o n the concentrat ion issue. 
Also, see Clark (1986), Beighley and McCal l (1975), Edwards 
(1964), and Jacobs (1971). 

"See Clark (1986) for a thorough d iscussion of the methodological 
f laws associated wi th most bank structure-performance studies. 

sThis is the same data used by Hunter and T imme (1986). 
6Various other measures of bank output were also examined (for 
example, total loans, and total loans and deposits). The results 
using other measures of output are similar to the ones reported in 
this paper. The invariance of the results are attr ibutable to the h igh 
degree of correlat ion between the various measures of output. 

7Data f rom the FDIC Bank Operating Statistics and County Busi-
ness Patterns were used due to inconsistencies in the number of 
ful l-t ime equivalent employees reported on the Bank Compustat 
tape. 

8The stat ist ical analys is was c o n d u c t e d us ing an economet r i c 
model developed by Avery (1977). 

One problem wi th the general ized cost funct ion given in the 
Append ix is that the variables on the r ight-hand side tend to be cor-
related with one another mak ing it diff icult to ascertain their true 
statistical properties. However, the parameter est imates are still 
unbiased, but inefficient. (See Kmenta, 1971, pp. 380-391) . To 
mit igate the effects of multicoll inearity, the cost funct ion in equat ion 
(5) is est imated a long with its capi ta l share ( W K ) equa t ion wh ich , 
using Shepard 's (1953, 1970) lemma, is given by:* ,** 

W K = PK + P K K M P K / P L ) + I V d
n
Q + M

n B + P K H H + P K M , 8 ) 

B y a d d i n g degrees of f reedom, w e increase the e f f i c iency of the 
parameter estimates. The system of equat ions (5) and (8) are joint ly 
est imated us ing Avery's (1977) seemingly unrelated error com-
ponents mode l . Avery 's mode l w a s spec i f ica l ly deve loped t o 
faci l i tate the es t imat ion of sys tems of equa t ions us ing poo led 
cross-sect ional and t ime series data. In the model, the error terms 
consist of independent cross-sect ional and t ime components and 
another component incorporat ing the joint effect of the cross-
sect ional unit and t ime. 
*One share equat ion is d ropped f rom the est imation procedure 
since by definit ion the sum of the share equat ions equal unity and, 
hence, they are not linearly independent. 
* *Bar ten (1979) has shown that the results f rom max imum like-
l ihood est imation techniques are invariant to the share equat ion 
dropped. The Avery (1977) seemingly unrelated model used in this 
study is not a max imum l ikel ihood est imat ion technique. However, 
the parameter est imates associated wi th d ropp ing the capital share 
equat ion are identical to those reported in this paper associated 
wi th d ropp ing the labor share equation. 

9The standard error of the technical change est imate was der ived 
us ing the g rand mean va lues of the var iables in (6) a n d the 
parameters' est imated covar iance matrix. 

10The overall technical change index and those for one-bank a n d 
mult ibank hold ing compan ies are all statistically signif icant at the 
.01 level. 

See Hunter and T imme (1986) for more d iscussion of w h y one-
bank a n d mu l t i bank ho ld ing c o m p a n i e s expe r i ence the same 
amount of technical change. Measures of scale economies and the 
impact of technical change on scale economies for this sample are 
also available in Hunter and T imme (1986). 

" T h e r e are other reasons to quest ion whether increases in bank ing 
concen t ra t ion at the state level ind icate dec reased c o n s u m e r 
welfare: States do not general ly seem to define the geographic 
market boundar ies for bank services; thus states may not be rele-
vant markets in wh i ch to analyze compet i t ion. In addit ion, banks are 
not the on ly compet i tors in markets for many products wh ich banks 
offer, thus bank ing concentrat ion may overestimate actual product 
market concentrat ion. 

, 2 ln a related study, Hannan and McDowel l (1984) found that for the 
1971 -1979 period banks operat ing in more concentrated markets 
a n d having a larger s izeexh ib i ted a higher condi t ional probabi l i ty of 
adopt ing new techno logy (automatic teller machines) than smaller 
banks or those operat ing in less concentrated markets. 

, 3This est imate compares favorably wi th those given by Shaffer a n d 
David (1986). Using a different statistical methodology appl ied to 
the 100 largest banks in the United States, Shaffer and David 
est imate the opt imal bank size to be between $ 1 5 bil l ion and $ 3 7 
bi l l ion in total assets. 

"•See the Wall Street Journal, May 9, 1985, p. 3. Whi le bank ing 
analysts may be justi f iably concerned with the concentrat ion issue, 
there are arguments to suggest that the safety and soundness of 
the bank ing system wil l not be impaired b y a move toward ful l-scale 
interstate bank ing [See Eisenbeis (1985)]. 

, 5See Stevenson (1980) for an example of the use of a t runcated third-
order t ranslog model to est imate technological change in the U.S. 
electr ic utility industry. 

' "Stat ing the t ranslog model in terms of the price ratio P ^ / P L imposes 
the two theoretical restr ict ions of 1) pr ice homogenei ty (e.g., p K + 
PL = 1 and P K Q + P L Q = 0) and 2) symmetry (i.e., P K L = p L K ) . 
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