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No careful empirical research has tested the widely held belief that

the cost of switching computer vendors tends to produce technologi-
cal “lock-in,” meaning that the cost of switching between incompati-
ble vendors is prohibitively expensive. Using several studies by fed-
eral agencies into the costs of switching mainframe computer ven-
dors, this article concludes that mainframe computers of the late
1970s possessed many of the features typically associated with
lock-in. However, many other factors also attenuated tendencies to
lock-in. While lock-in was important for the outcomes of several well-
documented instances, it is not clear whether lock-in was important
for the outcomes of a wide set of cases.

In most cases new ADP (Automatic Data Processing)
technology will require modifications in system configu-
rations, telecommunications and especially software, that
can become intricate, lengthy and difficult to resolve.
Hence, . . . managers in both the public and private sec-
tors tend to prefer new technology that is as compatible
as possible with existing technolegy to minimize disrup-
tion in the conversion process.

— Office of Technology Assessment, 1987!

witching costs are expenses incurred as a consequence

of a buyer switching between alternative suppliers of
essentially the same product. Large switching costs can
make buyers reluctant to switch to incompatible technolo-
gies. Often this means that these users are also reluctant
to switch to incompatible vendors. This reluctance has two
important consequences. First, it potentially provides
incumbent suppliers with market power.212* Second, it
may influence buyer and supplier choices among alterna-
tive technologies for a product. Markets may “lock-in”
technical alternatives compatible with early technological
leaders and “lock-out” incompatible alternatives.>19%*

Lock-in occurs in a surprisingly wide variety of forms
and contexts. Notable empirical studies of technology
lock-in include studies of nuclear power plant design,
videocassette recorders, the typewriter keyboard,!”¢ and
stereo systems.”? These studies show that if a user invests
in systems of compatible components, some past invest-

*See References 2-10 for theoretical work on buyer behavior
when it is subject to switching costs. Also see References 11 and
12 for a stimulating discussion (and skepticism) about the role of
lock-in for the mainframe market.

**See References 13-18 for recent theoretical analyses of the

* “lock-in” phenomenon. See Reference 19 for an overview of the
extensive standardization literature, which overlaps with the lit-
erature on both lock-in and switching costs.

ments retain their value when the user purchases more
compatible components but lose their value when the’
user purchases incompatible components. This produces
an inter-temporal link in a buyer’s decisions, which in
turn influences producer pricing, output, and product-
design decisions over time. All these links help produce
technological lock-in.

The computer market is another example often cited as
one that fits the mold. Because users of computer systems
invest in systems of compatible components (hardware
and software), it is widely believed that computer users
tend to “lock-in” to their incumbent vendors.

No careful examination of the computer market has
confronted this belief with empirical fact or with skepti-
cism. This is unfortunate because the belief need not nec-
essarily survive the close scrutiny of such a confrontation.
By itself, the fact that buyers invest in a system of com-
patible components does not establish that buyers find
the cost of switching vendors greater than the benefits of
doing so. Nor, by itself, does it establish that buyer and
vendor decisions are linked in a way that produces tech-
nological lock-in.

Why has this belief not been examined? The absence
of empirical research on this issue is probably best
explained by the difficulty of collecting information about
the majority of computer users in the United States, who
are employed by private firms. Summaries of many users’
experiences with changing vendors, if there is any experi-
ence at all, are usually not publicly available. What is
often made public are surveys of “customer loyalty,”
which provide ambiguous inferences regarding the rele-
vance of switching costs to most buyers’ decisions.?24*

*See International Data Corp., EDP Newsletter, 12/18/74,
2/12/75, 12/8/75, 1/21/77, 12/5/78, and 12/29/80.2 See Reference
24 for a discussion of these surveys and the difficulties of inter-
preting them.
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Because of the dearth of information about private
firms’ experiences, it would be remarkable if enough
examples existed for an empirical study of technological
lock-in. One of the contributions of this article is that it
brings one such set of examples to light.

The set of examples used in this article were recorded
in the late 1970s. At that time many federal agencies
began to experience large expenses related to the conver-
sion of their software from one mainframe architecture to
another. These “conversion costs” raised a number of
unexpected problems when agencies ordered replacement
acquisitions. Because of these problems, the topic of con-
version was closely studied by several federal oversight
agencies: the General Accounting Office (GAO), the
National Bureau of Standards (NBS), and the General
Services Administration (GSA), all of which employed
specialists in the computer field.”3¢* These studies left a
detailed and public record of the conditions surrounding
more than a dozen actual acquisitions and the solutions
attempted to conversion problems.

This article aims to synthesize these studies for an
audience interested in the economics of lock-in. It will
identify the structural conditions contributing to switch-
ing costs and lock-in, when it occurred in practice. The
article verifies what was long suspected: Mainframe com-
puter systems possess many of the technical features that
may lead to large switching costs. That is, computer sys-
tems exhibit “technological interdependence,” and
incumbent vendors have advantages in a competitive
procurement. The analysis also points out, however, that
many other factors attenuated the full impact of switch-
ing costs on buyer behavior. Since empirical evidence on
the magnitude and importance of switching costs for ven-
dor choice is inconclusive, this article motivates a closer
examination of the incentives of those making decisions
subject to switching costs.

The main danger in studying US federal agencies is that
their experiences may not represent those of other main-
frame users in the country. Though total expenditure on
computers by public and quasi-public organizations repre-
sents roughly a quarter of the United States’ computer
market, federal agencies constitute less than 5 percent of
the mainframe market.? To guard against the danger of
inference from an odd example, the discussion focuses on
agency use of commercial general-purpose computers
commonly used in the United States in the late 1970s and
early 1980s.35%* Moreover, the discussion highlights where
the federal procurement process resembles or differs sig-
nificantly from that of other mainframe users, universi-
ties, and private industry.

*An extensive record exists. The most relevant studies for this
article include investigations on the problem from the General
Accounting Office, the General Services Administration’s
Office of Software Development and Information Technology,?-*
and the National Bureau of Standards,** as well as studies cited
in the last two reports. A partial bibliography is produced in the
references.

**Gray provides a discussion of general-purpose applications
in the federal government.»

Switching costs for mainframe computers in
federal agencies

Technical interrelatedness and incompatibility. In most
models of buyer choice subject to switching costs, a buyer
makes investments with a supplier that continue to have
positive value if the same supplier of compatible technol-
ogy is selected again, but the investments have no value
if any other incompatible supplier is chosen. The stan-
dard reference case is one where an old and depreciated

Mainframe computer systems

possess many of the technical

features that may lead to large
switching costs.

system is replaced with a new, similar system. Some old
investment, such as software, works with new system
hardware from the incumbent supplier, but not with
hardware from any other supplier. It’s as if the nonincum-
bent supplier charges P,; + S for his system and the buyer
pays that price, while the incumbent charges P; for essen-
tially the same system, where S is the value of the old
equipment the buyer will continue to use with the new
system. Of course, this simplifies matters because
expenses are not entirely for replacement. Even if users
also upgrade and modify their system, they will tend to
buy from the manufacturer of compatible equipment.

Previous research has identified several technical fea-
tures of products that result in switching costs, and not
surprisingly, these features can be found in mainframe
systems. Commercial computer systems display what Paul
David!¢183% has called “technical interrelatedness™: (1)
generating output requires a multicomponent system, and
(2) the collection of components must be technically com-
patible to work together and achieve efficiency in system
performance.

It is easy to illustrate the two aspects of technical inter-
relatedness with mainframe computer systems. First, they
are obviously multicomponent. An essential technical fea-
ture of general-purpose computer systems is that they are
composed of a variety of compatible components: central
processor unit(s), input-output devices, communication
terminals, memory devices, system software, and applica-
tion software. These components are often supplied by
the same firm, but need not be if there is more than one
supplier of incompatible technology. Note, however, that
though hardware equipment complementarities are
important, the most important complementarity for eco-
nomic purposes is the relationship between hardware and
software and/or software and human training, which is
hard to observe or quantify directly.

Second, compatibility plays an obvious role in agency
decisions. Incompatibilities can occur on many levels:
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¢ Plug and socket do not necessarily fit together physi-
cally, or if they do fit together, they may not trans-
late electronic signals in a similar manner;

 system software is usually unable to work with hard-
ware architectures other than the one on which it is
written unless the software is altered;

* higher level software can be incompatible with par-
ticular system software implementations available
on the new machines;

¢ higher level software that is optimized for implemen-
tation on one machine architecture can lose signifi-
cant performance if implemented on another system.

Incompatible software is not a dichotomous variable;
rather, it describes a condition that varies by degrees.*
For example, higher-level-language software will transfer
across some incompatible operating systems, while data
files written in a particular form may be unsuitable for
specific hardware models.®** As another example, differ-
ent manufacturers’ systems use different system software,
requiring retraining of the personnel who use the system;
yet many of the skills developed on one operating system
carry over to another. The more similar the operating sys-
tems, whether developed by the same or a different man-
ufacturer, the more skills that are carried over.

Because of all these levels of technical interrelatedness,
most switching costs resulted from changing from one
incompatible operating system to another, not from
changing suppliers per se. Yet, there tended to be a one-
to-one association of suppliers with computer mainframe
technical families in the 1970s and early 1980s,5"** with a
few notable exceptions. First, not all IBM systems use the
same system software, so moving between families of sys-
tems was potentially costly. Other exceptions came in two
forms: Several manufacturers made plug-compatible IBM
System 360/370 peripherals and two firms made plug-
compatible IBM System 360/370 CPUs and their descen-
dants.! In principle, users could “mix and match” compo-
nents in the 360/370 operating system from different man-
ufacturers by the end of the 1970s.

What was done in practice? Tables 1 and 2 (pages 63 and
64) show little evidence of the use of plug-compatible
CPUs. For example, Amdahl had only a tiny number of
sales by 1983, It was also well known that most CPUs within
a system made by another firm are used as front-end servers
for the main CPU within the system. This evidence suggests
that switching to products made by (non-IBM) compatible

*This trait is partly due to the sophisticated programmer’s ten-
dency to use the most convenient features of a system when writ-
ing programs, features that need not be the same on other
machines. One might expect manufacturers to encourage this
programming practice as a means to raise switching costs.

*¥Industry records frequently refer to the incompatibilities of the
architecture and system software of the general-purpose mainframes
produced by IBM, Burroughs, Univac-Sperry, NCR, CDC,
Honeywell, DEC, and others (see Auerbach Reports,?” for example).

tA limited amount of CPU compatibility across firms also
existed. (For example, the RCA 7000 series, IBM 360/370 series,
Amdahl, and National Advanced Systems all roughly fall into
the same product family.) However, these constituted a small
fraction of total federal sales through the early 1980s.

peripheral firms was easy, but switching to products made
by compatible CPU firms may not have been as easy.

In addition to the direct costs of converting software,
switching costs also arise because of

1. site preparation, such as raising floors, installing new
cooling units and new electrical and communication
connections;

2. training personnel to use a new vendor’s unique sys-
tem features; .

3. dual operation of systems while one is installed, test-
ed, and brought up to an acceptable operational level,

4. disruption of operations while new hardware is
installed; and

5. reoptimizing new systems to unanticipated problems.

Most of these expenses are minimal if one stays with the
same supplier when upgrading mainframe purchases, but
the costs of (2), (3), and (5), and especially switching soft-
ware, can be substantial if a change between suppliers of
incompatible technologies occurs (see GAO, Appendix
II).% The costs of converting software depends on many
factors, for example, how much application and third-
party software is customized to an operating system.
More will be said about these costs below.

Other evidence of lock-in: Incumbent’s competitive
advantages. With vendors offering incompatible systems,
was there evidence that many factors worked to an
incumbent’s advantage in a competitive procurement to
replace hardware?2538%

Long-lived assets obviously give the incumbent an
advantage. Different components depreciate at different
rates, leaving, at any time, some components that could
continue to be used in future systems and some that
require immediate scrapping. For example, the median
age of processors of commercially available general-pur-
pose systems in 1979 was six years (mean = 6.3, s.d. =
3.6).2** In addition, software and programming obviously

*Competitive procurement means that agencies hold an auc-
tion for the right to provide some component of their system. In
practice, agencies may anticipate that one vendor is likely to pos-
sess a large advantage over all competitors. In this case, the
agency may choose to bypass competitive procedures and sole-
source (see References 25 and 38).

**+Of course, the average age at replacement is not the same as
the expected age at replacement for all processors. In a growing
population of processors, it would provide a lower bound. Only
in a stationary population would the two coincide. Case studies
typically talk about contracting for systems with expected lives
of six to eight years. (See Reference 26 for an example.)
Focusing only on length of life of assets paints a somewhat
deceptive picture, however. Also important is whether that old
hardware, software, or training continues to have value in use.
Generalizations are difficult because the details vary from one
situation to another. In some instances, the interrelationship
between the idiosyncrasies of an application and the idiosyn-
crasies of software constrained changes in the applications,
which left the incumbent as the natural supplier of complemen-
tary components. In other cases, where the applications were in
need of radical alteration, rewriting most of the system software
was a viable economic alternative and the incumbent’s advan-
tage was partially attenuated.
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do not physically fall apart, nor is previous training imme-
diately forgotten.!”* Once operational, software and train-
ing are useful as long as the proper complementary com-
ponents are in place. Hence, to provide an equivalent,
fully operating.system, the nonincumbent must supply
features already supplied by the incumbent.

Software that was difficult to transport also contributed
to an incumbent’s advantage. Software lost some (if not
all) of its functionality when implemented on alternative
systems, even on hardware that was technically more
advanced, because software typically embodied features
needed for a unique application in the agency, was techni-
cally complementary to the system on which it was devel-
oped, and was written for a fixed set of users trained to
use it. Examples of functional loss due to transportation
of software are numerous. The GAO? reports a case of
converting line for line a program that previously took 3
minutes but then took 45 minutes to operate on a new
system. It also reports a case where a program that previ-
ously took 5 hours then took 22 hours on a new system. It
had to be completely rewritten to take advantage of fea-
tures of the new system (and took only 3 hours to run
when completely rewritten).

Another factor contributing to an incumbent’s advan-
tage in a competitive procurement involves the time it
took to correct conversion problems. It is well known that
many improvements in software on the incumbent
machine — improvements that were added over time and
through much use and testing — cannot be easily translat-
ed to a new machine but, in fact, must be reinvented
through extensive testing and trial and error aimed at
learning how to take advantage of the unique features of
the new system. This process is often known as “tuning” a
system. Moreover, this trial and error must occur in
sequence — only after one part of the program is polished
can another be developed. In addition, programmers can-
not usually anticipate all the practical difficulties to
achieving a desired “look and feel” in system perfor-
mance. Agencies’ experiences confirm this general prop-
erty of software design: No other input, even a very elas-
tic supply of programmers, can substitute for the amount
of time needed to refine software through trial and
€rror.39**

The consequence of these technical constraints should
not be underemphasized. Buyers typically do not know
with much certainty the likely future monetary level of
switching costs, the overall feasibility of conversions, or
the likely length of time to complete a conversion. Users
faced a choice between (1) a relatively “quick” conver-
sion to a compatible system, or (2) a longer wait (as much

*There was an analogous phenomena in the typewriter kéy-
board case. David notes that the durable asset in that case was
the memorization of keyboards by a touch typist.'” Like software
for the human mind, it was costly for some users to reprogram
themselves.

**See Brooks* for a similar emphasis on the technological
necessity of solving complex software design problems in
sequence rather than in parallel. Each subproblem needs its
approach to be based on solutions to previous problems in the
sequence.

as a year or more) at unknown cost to install a new work-
ing system from a nonincumbent, which usually implied a
lengthy dual-system operation. The net result was that the
overall “cost” of the move between incompatible systems
was uncertain. Agencies could anticipate that there would
be problems during conversion, even if they could not
anticipate what those problems would be.

Large conversion expenses were inherently difficult to
estimate, even for experienced conversion experts.

Another factor contributing to an
incumbent’s advantage in a
competitive procurement involves
the time it takes to correct
conversion problems.

Software conversion costs did not follow a calculable
algorithm based on a readily observable feature of the
code, such as the number of lines. Unanticipated costs
could often be traced to poor documentation of earlier
programs, fragile code — held together by “bubble gum
and bobby-pins” — which was difficult to get working
again until a crucial bottleneck in the code was under-
stood, and “patchwork code” — a program composed of
unsystematic additions to the basic software program, the
logic of which was hard to reconstruct years after the pro-
gram’s many creators had departed from the agency. The
GAO (pp. 20-21)% blamed most poor documentation
quality on programmers who sacrificed documentation to
other urgent needs of the past and on programmers who
developed patchwork and unsystematic code due to insuf-
ficient care.

In the 1970s, agencies could either invest in preserving
old software on new machines or invest in reinventing
their software on the new hardware. Either option was
time-consuming and costly. In-house conversions usually
took too long because the required number of program-
mers exceeded an agency’s available staff, especially with
large jobs. Moreover, experienced staff usually had little
experience with conversion and misunderstood what was
required. Programmer knowledge about software imple-
mentation and programming procedures was useful on an
old system but not necessarily useful on a new system.2*
It was no better out-of-house: Contracting out for conver-
sion services could be quite difficult and expensive
because performance standards were difficult to specify in
a contract, especially when the output was idiosyncratic.
Conversion experts also were difficult to find because this
type of problem was not common in private industry.

*This last switching cost is typically incurred during “retrain-
ing” and does not include nonpecuniary costs such as morale or
staff turnover. (See GAO, p. 44.%)
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Many private firms were undependable, and agencies fre-
quently had to use their own staff to refine the conversion
programs for which they contracted (GAO, pp. 49, 51, 52,
57,61).%

Many of these problems were difficult to anticipate
until software conversion was underway or largely accom-
plished. Not surprisingly, conversion costs could be great-
ly underestimated or overestimated if the agency’s office
was not very experienced with conversion. With a few
exceptions, most staff were not experienced, since conver-
sions occur infrequently at the same location. Conversion
costs could also be greatly underestimated or overesti-
mated if the conversion work contained several unpre-
dictable and largely intractable problems.

The uncertainty due to switching costs, as well as their
magnitude, plays an important role in vendor procure-
ment in the federal government. The estimation of uncer-
tain costs largely determined future decisions. A large
underestimate of the costs of switching vendors could
lead (ex post facto) to an “unnecessary” and costly switch
to a new vendor. A large overestimate effectively grants
an incumbent vendor monopoly power over the next
upgrade, which can lead to a more costly acquisition
price. 4%

Switching costs and uncertainty contributed to the
advantages of incumbency, but technical change was an
important countervailing factor. During the 1970s, many
of the large system manufacturers were competing to
develop new applications for their systems and to reduce
their costs in order to attract new users and prevent the
exit of marginal users. New government users could espe-
cially benefit from the well-known and well-document-
ed*“2 decreases in price/performance for newer systems.
A large lead in price/performance by one firm or system
over an incumbent’s system could be sufficient to moti-
vate a buyer to incur the costs of switching for the addi-
tional benefits. Technically motivated moves were espe-
cially likely when old system applications were in need of
radical redesign — that is, the amount of software being
preserved was small and the database was not large. A
certain amount of “technology lust” also motivated some
moves, but there is little to indicate how important or
decisive this particular motive was.

The costs of conversion. Establishing the existence of
switching costs, by itself, does not demonstrate their rele-
vance over a wide range of situations. Switching costs
matter most when old hardware components, particularly
processors, are to be replaced with new technical genera-
tions, because this situation requires that all the software
on the old system be made compatible with the new sys-
tem. Switching costs also influence supplier choice if
existing systems and new systems must work together in

*In a competitive procurement in the 1970s vendors could and
did bid against one another, even if one had a system compatible
with the user’s while another did not. If S represents the estimate
of the costs converting to a new system, then the ievel of S large-
ly determines the bidding behavior of the two vendors. These bid
prices then determine the likelihood that a user will switch ven-
dors. (See Cabral and Greenstein.®)

the new configuration, or if the new system will employ
any software developed on the old system. Switching
costs, in the sense used earlier, are not relevant to vendor
selection where old technologies have been orphaned —
for example, no new upgrade is available, which was not
uncommon in the 1970s. Incumbents no longer possess
advantages because the old equipment is not upward
compatible with any new generation. All potential ven-
dors and the incumbent are on equal footing. However,
an orphaned system’s switching costs may influence other
aspects of new system choice, such as the timing of an
acquisition, 3%

What is the quantitative evidence that the switching
costs were a large problem in many cases? Despite much
information about computer procurement, an answer is dif-
ficult to formulate because the relative influence of switch-
ing costs on buyer decisions is not easy to measure, and dis-
closure laws prevent outsiders from examining the costs
that influenced decision making in an actual acquisition.

However, several publicly available studies were done
of federal agency conversions. These are summarized in
the appendix to “Computers, Compatibility and
Economic Choice.”? These studies found that the total
switching costs between incompatible systems could vary
over a large range. They could be anywhere from 22 to
250 percent of the price of the acquisition of the new sys-
tem, depending on management practices, software quali-
ty, and other uncertain factors. The estimated and actual
costs (mid-"70s dollars) of software conversion alone were
large: $1.5 million for software conversion at the EPA;
531,000 lines of code converted for an estimated $950,000
at the naval base in Norfolk; 125,000 lines of applications
for an estimated $559,000 at the naval base in
Jacksonville; 332 application programs for an estimated
$486,000 at the naval base in Pensacola, but 291 programs
eventually were converted for $4.5 million; 14 of 571 pro-
grams totally converted and many partially done at a cost
of $3.4 million at the USDA in Kansas City; 571 applica-
tion programs for $3.4 million, 296 programs estimated at
$338,000 for the USDA in New Orleans, but which even-
tually came to several million; and $4.5 million for appli-
cation software conversion at the Veterans’
Administration. In contrast, the one compatible upgrade
had total software conversion expenses of $13,900. These
cases slightly overestimated net conversion costs, because
even an upgrade with the same supplier will contain some
switching costs; but they underestimated switching costs
by neglecting some nonpecuniary costs.#**

By another measure, these conversion costs were many
times the average monthly rental for the newly acquired
system, though admittedly, these are ball park estimates.
These estimates were computed by taking the estimates
of total conversion costs in the case studies and compar-
ing them with the average system price, as listed in the

*There is some evidence to suggest that federal users of
Control Data systems persisted in holding on to their “orphaned
systems,” delaying new purchases for a long time.®!

**See the appendix in Reference 24 for a conversion costs
component breakdown. '
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Table 1. System supplier for stock of general-purpose mainframe systems.

Manu. 71 72 73 74 75 76 77 78 79 83
AMD - - - - - - 1 1 3 10
BUR - 204 201 202 213 201 189 187 209 218 286
CDC 148 166 190 208 201 217 220 222 208 191
CRY - - - - - - 1 1 4 7
DEC 20 23 28 29 34 43 51 56 71 244
GEL 81 98 97 93 95 89 82 78 68 21
HON 169 177 193 217 192 182 195 201 208 283
IBM 1,205 1,186 1,166 1,087 1,044 924 923 897 819 661
NCR 287 235 213 118 - 101 100 10t 97 96 37
RCA 157 169 161 125 106 87 83 75 64 30
SIN - 1 1 1 1 1 1 1 1 1
UNI 708 734 706 708 680 624 619 658 664 578
XDS 50 63 70 81 82 90 94 91 87 46
MANU 71 72 73 74 75 76 77 78 79 83
Total 3,229 3,053 3,037 3,860 2,646 2,544 2,508 2,565 2,509 2,395

Notes: The table includes only commercially available general-
purpose mainframe systems, as defined by IDC EDP Industry
Reports (various years), and Digital Equipment Corp. VAX sys-
tems. The table includes only acquisition of federally owned or
leased systems from external supplier.

Source: Federal ADP Equipment Inventory, 1971-1979, 1983,
original data. See GSA ADP Activities Summary, various years;
References 1-4 below; and Reference 5 for summaries and detail.
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IDC general-purpose surveys for that year and 1981 for
any earlier conversion (purchase price estimates did not
begin appearing until 1981, and most cases came from the
late *70s). They came to 22, 23, 27, 50, 68, 79, 150, 210, and
250 percent of the purchase price of a typical system. The
other estimates were computed by comparing the same
conversion estimates against the IDC average monthly
rental for that system in the year of installation. These
came to 13, 14, 32, 37, 46, 70, 72, 123, and 128 times the
rental price.

All these studies leave the impression that switching
costs are distributed asymmetrically — bounded from
below and skewed upward by a few especially costly
unpredictable circumstances. However, some allowance in
these numbers must be made for the limited technical
expertise concerning switching costs in the late 1970s
within the US federal government. Once switching costs
were better understood, they should have been lower.
Nevertheless, these studies leave the impression that the
costs could only partially be attributed to the limited tech-
nical expertise, Even where there was some expertise, as
in the military, the costs could still be substantial. 2

The lowest conversion expenses involved an upgrade
between machines from the compatible IBM System 360
and 370 families. All the system-specific features of soft-
ware implemented on the 360 were preserved in the
upgrade to the larger 370 machine. These conversion
expenses totaled 1 percent of the price of acquisition, or

one half the cost of one month’s average rental.

There are several reasons to think that conversion
expenses in federal agencies could add up to a lot of
money. The installed stock of commercial general-pur-
pose mainframes, as shown in Table 1, is quite large, often
exceeding 2,000 systems in any year.?** Table 2 on the
next page shows that the number of new acquisitions per
year is also high enough that if switching costs are a prob-
lem, it is likely that the dollar value of this problem is
large for the whole federal government.

References 25-34 are publications by federal oversight
agencies that dealt with problems related to switching
vendors. There is also considerable documentation by
oversight and advisory agencies providing aid in the form
of expert advice, bibliographic material on conversion
tools, and other managerial guidance material. For exam-
ple, in the early 1980s the GSA created the Office of
Software Development, which has experts in conversion
problems, professionals who are experienced in the spe-
cial tools required for these problems. It is hard to imag-
ine that this effort would be expended if switching costs

*This is only commercial systems, or systems for which we can
get information gbout their use in private industry. This excludes
many but nc;téa’ll;fses that are especially idiosyncratic to the gov-
ernment, commonly found in the Defense and Energy
Departments. (See the appendix in Reference 24 for a definition
of commercial systems.)
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Table 2. Commercially available general-purpose mainframe systems acquired each year by
federal agencies from external suppliers.

Manu. 72 73 74 75 76 77 78 79 80-83 Total
AMD 0 0 0 0 0 1 0 2 7 10
BUR 39 15 19 4 22 8 37 23 87 254
CDC 22 25 25 11 29 6 9 9 33 169
CRY 0 0 0 0 0 0 0 2 4 6
DEC 3 7 4 5 12 5 4 16 183 239
GEL 21 8 1 2 5 1 0 2 0 40
HON 13 24 54 12 26 16 12 33 152 342
IBM 57 . 69 79 43 77 26 26 24 157 558
NCR 1 1 2 0 3 4 1 2 22 34
RCA 14 5 7 11 2 1 2 0 0 43
SIN 1 0 0 0 0 0 0 0 1 2
UNI 114 57 74 41 48 25 47 42 65 513
XDS 11 9 14 3 20 4 2 1 0 64
Total 296 220 279 132 244 97 140 154 720 2,282

Notes: Acquisitions were estimated by comparing systems at
federal agency offices in adjacent inventory years. Year is the
year the first processor for a system first appeared in the data
inventories. Due to unavailability of original data for years
1980-1982, all acquisitions in these years were estimated from

inventories for 1983.

The table may overestimate total acquisitions if all intra-
and interagency transfers are not recorded, but an internal
consistency check revealed that this problem is not likely to
be large.

were not a problem for a substantial number of federal
agencies. Ironically, the effort to extinguish the blaze, as
represented by the federal oversight agencies’ publica-
tions cited in the references,”* is the best evidence that
the blaze was large in the late 1970s. It is also evidence
that it may be under more control by now.

Statistical evidence of buyer behavior. Despite the pre-
viously described suggestive evidence, systematic statisti-
cal evidence of buyer behavior must lead to ambiguous
conclusions if not examined carefully. The main observ-
able consequence of switching costs — repeated buyer
choice of the same product — may also be explained by
persistent buyer preferences for the unique services pro-
vided by a vendor. Rarely does a set of micro-level data
provide direct measures of either a customer’s anticipated
switching costs or buyer preferences; thus, data does not
permit an observer to distinguish between the effects of
switching costs and other preferences in describing a
user’s temporal patterns of purchases. Econometricians
have not found methods for solving this problem other
than by imposing arbitrary functional forms. (See
Heckman and Singer” and Greenstein.*)

Despite these difficulties, I found some evidence* that
incompatibility influenced vendor choice from 1972
through 1983. This research investigated the patterns of
vendor choices by offices of federal agencies that had
experience with only one vendor prior to their next acqui-
sition. It found that after many economic factors were
accounted for, a large part of the tendency for former
IBM users to switch to other vendors arose primarily
from the fact that limited compatible upgrades were avail-
able for users of very old IBM equipment (for example,
the IBM 1400 series). Federal buyers who previously used

IBM equipment and could upgrade to a new compatible
system (say, IBM 360/370) tended to choose IBM as often
as users of other vendors selected those vendors again.
This result is the first econometric analysis of the rele-
vance of compatibility for vendor choice.**

Other quantitative work yields more cautious conclu-
sions. I have investigated whether the extent of a user’s
investment, which should correlate with switching costs,
helps predict whether agencies sole-sourced rather than
competitively procured from an incumbent.*® This
research formally tested the hypothesis that high switch-
ing costs could give incumbents such an advantage that
only the incumbent would bid and agencies would have
little reason to solicit multiple bidders under competitive
procurement procedures. A sample of single-incumbent
users revealed that the extent of investment with an
incumbent does positively predict sole-sourcing from the
incumbent, but (contrary to expectations) it does not
dominate other economic factors such as the costs of
changing bids and the supply conditions in the market.
Many other economic factors influenced the choice of
procurement procedures, and these can often overwhelm
any apparent (and measured) advantage an incumbent
seems to have.

ainframe computer systems display the technical
features typically associated with switching costs.
However, several countervailing factors, such as technical

*In addition, I have argued* that evidence is consistent with
the view that most switching costs originate with the installation
of the first system. In other words, the user pays a one-time
expense in order to learn how to use a vendor’s machines. All
subsequent hardware acquisitions -after the first do not con-
tribute much to the costs of switching vendors later.
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change and the entry of plug-compatible manufacturers,
began to attenuate the full force of these factors on buyer
behavior by the late 1970s.

The evidence in government documents is suggestive
but inconclusive about the importance of switching costs
for a wide set of cases. A deeper understanding of switch-
ing costs and lock-in warrants careful analysis of actual
acquisitions. It is important to understand the incentives
of managers and users to bias their estimates of switching
too high or too low in order to enhance the advantage to
an incumbent vendor. Previous user management deci-
sions also influenced the costs of switching vendors when
a switch was made, because users who did not anticipate
conversions made investments that resulted in higher
switching costs than experienced by those who did. If con-
versions are a likely option, it is important to understand
the incentives of managers to account for the value of
making efforts to reduce their future costs. At the very
least, we should expect to find in public and private firms
a variety of responses to these difficulties. Those respons-
es ultimately determined the observed tendency of buyers
to lock in to incumbent vendors in practice. n
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