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Technological Change in the F inancia l System— 
Where is the Paperless Society? 

"In recent months there has been increasing interest 
in the rapidly developing concept of a cashless, 
checkless, society.. . [8, p. 3] 

"The t ime is fast approaching when individuals—not 
to speak of banks—will f ind the conventional check 
becoming a high cost, obsolescent device for most 
transactions; then the electronic payments system 
wi l l be not only a convenience, but also an economic 
necessi ty." [9, p. 18] 

These are very t imely statements. We seem to be moving at an accelerated pace toward 

an electronic-based payments system. Perhaps surprisingly, however, the statements 

quoted above were made in 1969 and 1971, over ten years ago. 

During the late 1960's and early 1970's, many felt we were on the verge of 

becoming a paperless society. One group of analysts went so far as stat ing that: 

"[t] hough speculations about developments in the future 
are sometimes unreal ist ic, it now appears certain that by 
1980 very few American shoppers w i l l be carrying bulky 
checkbooks in their purses or large amounts of cash in their 
wal lets. The present prol i ferat ion of credit cards of a l l 
s izes, shapes, and colors wi l l also be largely a thing of the 
pas t . " [ l , p. 10] 

This group went on to predict a ful l -scale electronic payments system in operation by the 

beginning of the current decade. 

These predictions notwithstanding, we generate more paper now than ever 

before. In 1967, an estimated 18.7 bil l ion checks were wri t ten in the United States [6]. 

By 1979, the annual check volume had increased to an estimated 32 bi l l ion[3]. Credit 

cards have shown similar dramatic increases, with the volume of card transactions for 

Visa and Mastercard alone total l ing nearly 1.5 bil l ion in 1979 compared with 750 mil l ion 

in 1975 [2]. We are far from a paperless society. 
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Electronic payments have, of course, also grown in volume. Vir tual ly a l l 

transactions among commercia l banks are now electronic. The Federal Reserve System 

processed 35 mil l ion such transactions in 1980 on its FedWire faci l i t ies and Bankwire and 

CHIPS processed an additional 16.8 mil l ion transactions. These payments accounted for 

a dollar volume of $110 t r i l l ion. Electronic payments through Automated Clear ing 

Houses total led 172 mil l ion in 1979[2]. At the re ta i l leve l , electronic technology also 

appears to be spreading, but it by no means dominates. Even most electronic re ta i l 

payment systems such as Point-of-Sale terminals and Automated Tel ler Machines use 

paper ver i f icat ion systems. 

Given these observations, many close to the industry are asking what has 

happened. Where is the paperless society? Many s t i l l expect it to emerge. The major 

purpose of this paper is to examine that possibil ity by exploring the process by which 

payments system innovation occurs. The first section applies the economics of innova

tion to the growth of electronic banking; the second section uses the framework provided 

by that exercise to examine the signif icant factors that influence the spread of e lec 

tronics in banking; and the f inal section presents a view of the l ikely evolution of the 

payments system. This paper does not attempt to measure relat ive eff ic iency of various 

payment systems. For purposes of discussion i t accepts the premise that electronic 

innovation promises some benefit to participants in the payments process (in terms of 

reduced costs or improved performance). 

I. Electronic Payments and the Economics of Innovation 

Electronic payments prognostications are generally based on a common, but 

fair ly loose, concept of a "product l i fe cyc le" . An s-shaped product l i fe cyc le curve 

which is fair ly wel l established in marketing l i terature divides product l i fe into four 

stages—introduction, growth, maturi ty and decl ine. The typical exposition of such a 

curve is shown in Figure 1. The introduction stage is character ized as a learning period. 

A product is new on the market and well known to only a few market part ic ipants. As 
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knowledge of the product spreads, and refinements are made by producers, the product 

"catches on". This begins the growth stage. During the growth period, market penetra

tion by the product increases rapidly unt i l the market is saturated and the product is 

"mature". The mature product begins to "decl ine" when new substitute products have 

been introduced or the product has outl ived its usefulness. Analysts that predict rapid 

growth of electronic payments today view electronic payments as reaching the second 

l i fe cycle stage.-^ Analysts in the late 1960s thought that stage had been reached then. 

This interpretation of payments system innovation is useful, only for a narrow 

range of innovations. The progress of payments system innovation in general can be 

more sat isfactor i ly modeled by viewing electronic payments not as a product, but rather 

as a method by which a product—payments services—is produced. This approach is 

described below. 

Payment Systems as Production Technology 

We may view f inancial intermediation as an industry and f inancial inter

mediaries (or commercia l banks) as prof i t -maximiz ing f i rms. Payments service—the 

transfer of funds on behalf of a paying party—is among the products "sold" by f inancial 

intermediaries.—^ — The method by which payment is accomplished is the production 

technology of the f inancial intermediary. In an al l-cash world, for example, the produc

tion technology would consist of the physical movement of currency between the payor 

and payee. Use of checks to order payment could be viewed as a refinement to the a l l -

cash technology. Innovations to the payments mechanism are viewed as changes in 

— See, for example [3]. 

2/ 
— The fact that there may be no expl ic i t charge for the payments service 

does not diminish its importance as a product. Where no expl ic i t charge is made, it may 
be viewed as part of a bundle of products. 

y Henceforth we shall use the terms "bank" and " f inancia l intermediary" 
interchangeably. 
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available production technology. Thus, the rate of adoption of electronic payments 

innovations can be modeled from the viewpoint of the f inancial intermediary. 

In general, we would expect a production technology innovation to be adopted 

by a f irm at the point in t ime when the f i rm views the return to be gained from its 

adoption as exceeding the cost of switching to the new production technology from 

existing methods. More formal ly, an innovation wi l l be adopted by a f i rm at that point in 

t ime when the discounted cash flow attr ibuted to the innovation over t ime exceeds its 

adoption cost. If the cost structures of individual f i rms vary, the optimal t ime at which 

to adopt an innovation w i l l vary across f i rms. In approaching its decision of whether or 

not to adopt a new technology, the f irm wi l l consider not only direct costs of instal l ing 

the new system but also the indirect costs of incorporating the system into its opera

tions. Further, in the real world, uncertainty wi l l also af fect the f irm's decision pro

cess. For a l l of these reasons, even an innovation that signif icantly dominates exist ing 

technology wi l l be adopted only gradually. 4-/ 

Conveniently, this approach leads to a l i fe -cyc le curve simi lar to that in 

Figure 1, and this curve has been widely endorsed in the l i terature on innovation. How

ever, the interpretation of the curve differs importantly from the marketing interpreta

t ion. The curve measures the rate of adoption of a technology by individual institutions 

that make the adoption decision on the basis of relat ive costs. 

Applying this approach to the issue at hand, we may state that a bank w i l l 

adopt a new payment technology (electronics) when it expects the future steam of profi ts 

attr ibutable to that technology to outweigh its costs of implementation. An important 

point is that this statement aplies to individual payment innovations. There is no single 

"payments mechanism" in place. The method by which payment is accomplished depends 

on the nature of the payment and on the identity of the payment participants (the payor 

2! See [5] for a good review and cr i t ique of l i teratue on this process. 
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and payee). Banks offer a wide array of payment services for their customers. The 

nature of the payment i tself tends to vary with the character ist ics of the payor and 

payee. And the eff ic ient choice of productive technology for a bank of course depends 

on the nature of the payments that the bank fac i l i ta tes. Thus, choice of productive 

technology by an individual f inancial intermediary wi l l depend, in part , on its customer 

base. 

It w i l l be useful conceptually to group domestic payments part icipants (payors 

and payees) into f ive groups—depository institutions, nondepository f inancial institutions, 

nonfinancial f i rms, individuals, and governmental units. Payment transactions occur 

among economic units within and across a l l f ive categories, and the speci f ic technology 

through which a given payment is accomplished depends, in part, on the nature of the 

payment participants. The existing payment services available to payment part icipants 

can be described by a diagram such as that sketched in Figure 2. Each payment can be 

classif ied according to identity of payor and payee, size of transact ion, and frequency of 

payment. Figure 2 demonstrates this c lassi f ic iat ion for one class of payment—small 

recurring payments by individuals to f i rms. 

For each class of payment, a number of al ternat ive payment mechanisms 

exist. Some of these mechanisms involve a bank. The payor and payee joint ly select the 

appropriate payment mechanism. When the payment participants elect a mechanism that 

involves a f inancial intermediary, the f inancial intermediary "sel ls" a payment serv ice. 

For each payment service provided by a bank, there is a part icular production technology 

available. A given electronic payment innovation may imply changes in the production 

technology used for one or more payment services. 

This approach provides a clearer meaning for the innovation l i fe cycle 

curve. The shape of that curve wi l l depend on the nature of the part icular innovation 

under consideration. The rate of adoption of point of sale technology, for example, is not 

necessarily similar to the rate of adoption of telephone bi l l paying technology. And, 
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while a continuous curve may be applicable to each of these individual innovations, i t 

may not provide any insight into the process of complete automation of the payments 

system. 

The Nature of Electronic Payment Innovations 

Electronic payment innovations can be divided into two categories—customer 

directed and internal. Customer directed innovations are those which af fect the manner 

in which the customer interacts with the f inancia l intermediary. Point of sale terminals 

and automated teller machines are in this group. These innovations refine the process by 

which the customer instructs his bank to make payments. As such, they direct ly af fect 

customer ut i l i ty and customer demand for payment services. 

The second type of innovation—internal innovations—refers to those which 

are part of the production process that is not direct ly visible to the customer. These 

innovations wi l l af fect the consumer only insofar as they af fect the nature of the pay

ment service. For example, certain types of innovations increase the speed with which a 

payment may potential ly be completed. The customer would be af fected by this charac

ter ist ic only if that potential is exploited by the providing bank. Internal innovations 

generally are those which improve the ef f ic iency of a bank's production process and 

which may, at the bank's discret ion, increase (or decrease) the value of the service to the 

customer. 

Internal payment system innovations can be further classif ied according to 

whether they are private or inter-bank. Pr ivate (pure internal) innovations can be ins t i 

tuted by the bank for its own operations—better computer equipment or better check 

sorters, for example. Inter-bank internal innovations, on the other hand, involve changes 

in the technology by which payments pass from one bank to another. These generally are 

innovations in clear ing and settlement operations. Obviously, implementation of such an 

innovation requires its acceptance by more than one bank. 
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These three classes of electronic payment innovations—customer di rected, 

pure internal and internal inter-bank—all have the potential to al ter not only the nature 

of the payment technology, but also the nature of the payments themselves. For exam

ple, our common check payment system is "debit-based." Goods and services are pro

vided in exchange for the check instrument. The check is credited by a bank to the 

payee then sent to the payor's bank where it is debited from the payor's account. During 

the period of t ime between receipt of the check and debiting of the payor's account, the 

payee bears a risk—the possibil i ty that the payor's bank wi l l not ul t imately remit funds in 

exchange for the check. Point of sale terminals may be used to ini t iate "credi t -based" 

payments. Funds may be debited from the payor's account simultaneously with the 

provision of goods and services. This substantially alters the nature of the payment 

received by the payee by el iminating the risk of nonpayment. 

Changes in the nature of payments themselves may be either a benefit or a 

cost of a technological innovation. In the above example, the payee would view the 

change favorably; the payor, on the other hand may view the change unfavorably since it 

implies a faster payout by his bank. 

The Innovation Adoption Decision 

The general rule for a bank facing a payment system innovation is as f o l 

lows: "Adopt the innovation if the discounted value of future income attr ibutable to the 

innovation wi l l exceed the cost of adoption." 

This rule may be implemented straightforwdly for the case of a pure internal 

innovation that wi l l not alter the nature of the payment or the payment serv ice. An 

example of such an innovation is more eff ic ient check processing equipment. Such 

equipment might enable a bank to process paper checks less expensively but would not 

af fect the customer in any way. An electronic example might be a more eff ic ient com

puter memory. Such an innovation would reduce the cost of processing payments e lec

tronical ly, but would not af fect the customer. This type of innovation is direct ly ana l -
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ogous to innovation in a manufacturing process. As such, it has been the subject of a 

substantial volume of economic a n a l y s i s ^ Unfortunately it is also the least interesting 

type of payment system innovation. 

Customer directed innovations and pure internal innovations that al ter the 

nature of the payment i tself are complicated by the fact that their implementation 

af fects not only bank costs, but also demand for af fected payment services. Changes in 

demand alter future bank income and, thus, enter the bank's adoption decision. 

Internal inter-bank innovations require inter-bank cooperation. Such innova

tions cannot, by def ini t ion, be instituted by a single institution operating independently. 

This is important because the cooperation required can involve important costs. The 

economic l i terature on innovation emphasizes the signif icance of the abi l i ty to protect 

the use of an innovation from competi tors. In the case of inter-bank innovations, use not 

only cannot be kept pr ivate, but in fact a l l participants stand to gain equally. In this 

circumstance individual actions break down and some "col lusive" action may be war

ranted. 

The fol lowing section discusses the major factors that influence payments 

innovation decisions and addresses the forces that have prevented the widespread e lec

tronic usage that was envisioned in the 1960s. 

II. Factors Af fec t ing Electronic Payment Innovations 

The framework described in the previous section views electronic payment 

innovations as changes in payment production technology. The likeliness that a par t i 

cular innovation wi l l be adopted by an individual bank is expected to vary direct ly with 

the perceived production cost savings and/or service demand increase result ing from the 

innovation and inversely with the level of the f ixed cost of innovation. Evaluation of the 

magnitude of production cost savings potential of various innovations is beyond the scope 

i i /See, for example, Gold, op.ci t . 
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of this paper. Most analysts appear to agree that the potential savings over paper-based 

systems are substantial. We shall accept this premise for the sake of discussion and 

explore the question of whether eventual dominance of our payments system by e lec

tronics is therefore inevitable. In this section we wi l l examine demand factors and 

implementation costs as determinants of innovation adoption rates. 

Demand Factors 

Adoption rates for customer directed innovations and internal innovations 

that alter the character ist ics of the payment that is provided can be either accelerated 

or retarded by demand factors. Demand effects for customer directed innovations are of 

three general types—customer start-up costs, customer marginal costs and privacy 

considerations. 

The nature of customer start-up costs varies according to type of customer. 

For commercia l customers, these are operating costs—the costs of adopting new internal 

procedures to fac i l i ta te interaction with the new payments technology. For individuals, 

these are often termed "psychic" costs—distrust of electronics, for example—but there 

also are identi f iable costs in the form of t ime required to implement new personal f i 

nance procedures. Customer marginal costs represent the dif ference in cost per transac

tion borne by the customer using the new technology rather than the existing tech

nology. Obviously, this can be either positive or negative. Pr ivacy considerations are 

l isted separately as they are external to the payments process. They af fect ut i l i ty (of 

individuals) or profits (of commercia l customers) in a manner unrelated to the quality of 

payment services received. A t the individual leve l , these considerations have been 

expressed as a concern that electronic payment technology may involve a central izat ion 

of personal records that would be detr imental to personal wel l-being. 

For innovations that al ter payment character ist ics, two part icular character

ist ics are relevant—risk al locat ion and payment speed. We would generally expect any 

payment system part icipant (payor or payee) to prefer the technology that minimizes its 
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own risk share. L ikewise, payors would prefer a slower payment process while payees 

would prefer a faster process. The risk alter ing example discussed in Section I demon

strates that changes in payment technology may actual ly change the aggregate risk 

inherent in the payment process. Thus, some risk alter ing innovations may be endorsed 

by a l l part icipants. For the case of payment speed, we tend to have a zero-sum game, 

and we would expect that the party standing to lose from adoption of the innovation 

would refuse the innovation unless compensated in some way. 

A l l of these demand factors are relevant to the individual bank. Each cus

tomer, faced with a new technology adopted by its bank wi l l make the decision of 

whether to use that bank and the technology or whether to purchase payment services 

from a bank st i l l using established technology. Accordingly, aggregate demand for the 

bank's payment services wi l l be af fected by the technological innovation. 

Implementation Costs 

For customer-directed and pure internal innovations, implementation costs 

may be calculated straightforwardly. As mentioned previously, these include not only 

the physical costs of purchasing and instal l ing new equipment but also the less direct 

costs of overcoming organizational inert ia to switch to new techniques. 

For inter-bank internal innovations the need for coordination is a substantial 

implementation cost. Banking is a competit ive and highly fragmented industry. Volun

tary cooperation on major innovative proposals can therefore be an expensive undertak

ing. In a rapidly moving technology a special cost is present in the form of the possibil i ty 

that technology may be outmoded by the t ime its coordinated adoption can be engi

neered.— 

—/The relevance of this concern is pointed up by the drama currently being 
played out in the credit card industry. Industry members (card manufacturers, retai lers 
and f inancial institutions) reached agreement in the early 1970s on a standardized 
magnetic strip technology. This technology was to be fully implemented by next year. 
Last year, a French corporation introduced a new micro-processor chip-embedded card 
that has threatened to replace the not-yet-standard magnetic str ip. 
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III. The Future of Electronic Payment Innovations 

The discussion of the previous two sections assesses electronic payment 

innovations as a bank productive decision. It is clear that the innovation adoption dec i 

sion hinges on more than a simple productive ef f ic iency evaluation. To a large extent, 

the factors outlined in the previous section account for the absence of the paperless 

society. And those same factors provide important clues to understanding whether a 

paperless society wi l l be forthcoming. 

Why We St i l l Have Paper 

Customer start-up costs, privacy considerations and resistance to increased 

payment speed appear generally to have offset ef f ic iency gains, customer marginal cost 

reductions and risk reductions promised by customer-directed innovations for a l l but the 

largest customers in the 1970s. This balance has been further tipped in favor of t radi 

t ional paper-based systems by various Federal Reserve System pol icies. 

At the re ta i l leve l , consumers resisted computer technology, part ial ly due to 

psychic start-up costs and partly due to an aversion to a central ized data base that many 

anticipated could evolve from electronic payment set-ups. This latter concern appears 

to have been founded in some basis of fac t . It was not uncommon for payment systems 

analysts of the period to c i te aids to tax col lect ion and reduced opportunity for fraud and 

money crime as advantages of electronic payments systems J / 

Consumers also saw l i t t le advantage to innovations such as point of sale 

terminals that increased the speed of f inal payment. The typical re ta i l check payment is 

not debited from a consumer's account unti l two or three days from the date payment is 

made. The value of " f loat" enjoyed during payment clear ing has tended to offset the 

reduced marginal cost of consumer transactions. 

1! [4], for example, sees electronics as creat ing an "economical ly naked" 
society. This is viewed as a benefit to be weighed against the cost of displacement of 
c ler ica l workers. 
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A t the commercia l level , s imi lar ly, start-up costs and loss of f loat were 

generally significant enough to outweigh marginal cost savings. Most of the interest in 

automated clearinghouse transactions has come from government agencies. Such trans

actions as direct deposit of social securi ty checks, for example, accounted for over 80 

percent of total A C H volume in 1979 [29. 

For large transactions, however, electronic innovation has been adopted by 

commercia l customers. For these transactions payees have refused to bear the cost of 

f loat and have been instrumental in the spread of innovations such as customer-directed 

wire transfers. 

Customer directed innovations generally were slowed by the role of the 

Federal Reserve System in the paper-based system. In its clearinghouse role, the Fed 

provided check processing at no charge to member banks, and in the late 1960's, when it 

became clear that check processing capabil i t ies would be insuff icient within a decade, 

the Fed expanded its processing capabi l i ty by establishing regional check processing 

centers that were available even to nonmember banks. This provision of free checking 

was passed on to consumers as a result of the prohibition of interest on demand de

posits. This prohibition encouraged impl ic i t payment for deposit balances, and free 

checking has been an important part of that impl ic i t payment. F inal ly , the value of 

Federal Reserve float has further tended to reduce the motivation for payors to speed 

the transactions process. 

A t the same t ime, Federal Reserve presence has tended to spur development 

of internal inter-bank innovations. With regard to such innovations, the Federal Reserve 

has been able to serve as a coordinator and establish uniform standards to help bring 

payments participants together. Some of these innovations, such as MICR encoding of 

checks, have further entrenched paper-based systems; but some, such as FedWire and 

regional clearinghouse arrangements, have spurred electronic payment technology. The 

major stumbling block for internal inter-bank innovations remains the level of coordina

tion costs and start-up costs. Part icu lar ly signif icant is the uncertainty surrounding legal 



- 13 -

aspects of new payment modes. Such issues as reversibi l i ty of transactions and risk 

al locat ion are wel l defined by the Uniform Commerc ia l Code for fami l iar , paper-based 

systems. Many of these issues are unresolved for electronic systems. 

Why Paper is Not Going Away 

Many factors make i t l ikely that the rate of adoption of electronic technology 

wi l l increase in the 1980s. General Economic Conditions are t ipping the scale toward 

electronics. Rising costs of energy and labor are increasing the attractiveness of e lec

tronics versus paper. A t the same t ime, narrowing interest spreads are increasing the 

need for banks to have the capabi l i ty to rapidly channel funds to profi table areas. Grow

ing internationalization and increased geographic scope of domestic operations are 

reducing the feasabil i ty of paper t ransmit ta l . Along with this, the increased uncertainty 

of the economic environment is increasing the attactiveness of immediate c lear ing. 

Customers are l ikely to demand a shift to more credit-based payments. 

Technological Developments are reducing the cost of many electronic e le

ments. An important development has been the substantial progress in miniatur izat ion 

that has been made in the past decade. Miniatur izat ion of computer hardware has pro

gressed to the point where the volume of transactions impl ied by a checkless, cashless, 

society is now actual ly feasible. Miniatur izat ion also has increased the attract iveness of 

the system to individuals. The prol i ferat ion of home computer devices promises to 

greatly aid the progress of electronic banking. 

A recent development, "memory" cards has important impl icat ions. The 

computer chip has made feasible production of credit card s ized memory "computers" 

that could store data for individual consumers. This may el iminate the need for the 

feared central f i le. 

The Regulatory Environment is also changing in ways that may be favorable 

to electronic technology. The Monetary Control Ac t requirement that the Federal 

Reserve System price a l l services wi l l end, or at least reduce, the paper subsidy. This 
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wi l l force those who prefer a paper system to bear its costs and should spur shifts to 

electronics. Pr ic ing of f loat, which is slated for 1982, wi l l el iminate some incentives that 

favor delayed clear ing. Some market part icipants have even argued that the Federal 

Reserve's pricing policies are underpricing electronics compared with paper. The pr ic ing 

system is based on costs assuming a system working at fu l l capaci ty. With electronics in 

its infancy, this approach understates the true per item cost of electronic processing in 

the short- term. 

The advent of interest-bearing transactions accounts has also reduced the 

value of our delayed-clearing debit-based system by reducing the cost of holding ba l 

ances. And the blurring dist inction between banks and other f inancial institutions has 

created new instruments that may best be administered electronical ly . 

In spite of a l l of these posit ive factors, however, a complete abandonment of 

paper is not l ikely in the forseeable future. Visionaries of the electronic persuasion tend 

to argue that an al l -e lectronic world would work better than our current one and there

fore wi l l emerge. However, they do not address the mechanics by which the system wi l l 

evolve. 

The framework presented in this paper emphasizes the heterogenity of pay

ments and the range of ef f ic ient payment process. It points out the complexity of the 

decision-making process that results in a f inancial intermediary adopting a part icular 

innovation. Recognizing the array of innovations under consideration and the number of 

independent f inancial intermediaries in our payments system, we must conclude that a 

paperless society wi l l emerge only slowly, if at a l l . 

It is quite l ikely that most wholesale transactions wi l l be conducted e lectron

ical ly in the near future. It is also l ikely that a substantial portion of frequently re

curr ing retai l transactions wi l l be electronic. However, it is not l ike ly that we wi l l see 

the el imination of currency and paper-based transactions short of a government decree 

to that ef fect . 
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Figure 1 
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F igure 2 

Technique For C l a s s i f i c a t i o n o f T ransac t i ons 

A l l Payments • 
P a r t i c i p a n t s I n d i v i d u a l t o F i rm 

S i z e 

Frequency 

S p e c i f i c Purpose 

Payment Instruments 
A v a i l a b l e 

"La rge " " S m a l l " 

r e c u r r i n g nonrecur r ing 

Insurance Loan Payment 

U t i l i t y B i l l 

C red i t Card Cash Automat ic 
T e l l e r 

Note : T h i s i s an adap ta t i on o f an approach suggested by T . R . M a r s h a l l and 
R . I . S o l e r i n "An Approach t o F o r c a s t i n g EFTS Volumes" F e d e r a l Reserve Bank o f 
A t l a n t a , February 1975. 
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