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The Mexican civil engineering firm ICA installed its first computer,
an IBM 1130, in 1966. By documenting the development of ICA’s
computing efforts over almost 15 years, the authors trace the
influence of personnel and company practices, examine the
development of technical and administrative applications, and
explore the computer center’s story within the broader history of ICA.

This article records the evolution of the use of
computer technology by the civil engineer-
ing firm Ingenieros Civiles Asociados (ICA),
one of Mexico’s most successful businesses.
ICA installed an IBM 1130 in 1966. Driven
by its internal market system, applications
soon shifted from engineering to administra-
tion, particularly cost accounting and payroll.
After winning a major external engineering
contract in 1968, the firm ordered a larger
CDC 3300 computer as the foundation for
an ambitious computer services business.
However, the computer was unreliable and
the fledgling business failed to win many in-
ternal or external customers. A push into the
fashionable ‘‘computer utility’’ market failed
to get off the ground. By 1972, a combina-
tion of reduced ambition and the installa-
tion of an IBM 360 yielded a stable but
conservative subsidiary focused on a handful
of applications.

The history of computing has traditionally
been dominated by technological histories
of key machines or systems and by business
histories of major hardware companies. As
Michael Mahoney observed, the field
absorbed an implicitly ‘‘machine centered’’
master narrative.1 In recent years, attention
has turned toward the use of computers in
particular social contexts. This reflects a
broader turn toward the examination of use

and users within both science studies and
the history of technology.2 However, early
computers were purchased, configured, and
applied not by isolated individuals but by
large organizations. Attention to use there-
fore requires that we combine several distinct
perspectives. First, we must be willing to
follow the suggestion of JoAnne Yates in
studying organizations, rather than individu-
als, as computer technology users.3 Yates also
makes a persuasive case for the need to con-
sider entire industries, rather than isolated
firms, as agents of computer adoption and
has documented the role of trade associations
in creating a consensus on the nature and
proper application of computers within an
industry.4

Nevertheless, we must remember that
organizations are made up of people and
that institutions exist within the minds of
individuals and are reproduced and enacted
through their daily interactions. Hence, it
is also important to consider the role of dif-
ferent occupational groups and practices in
the evolution of computer use, providing a
middle ground between the tendency with-
in science and technology studies to focus
on individuals as technology users and
adopters and the tendency within business
history to treat an entire organization as a
single user.5
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Business historians generally follow a top-
down approach to history in which all
actions are the result of decisions made by a
firm, as an institutional actor, or by its most
senior managers. Labor historians, following
the decades-old orthodoxy of social history,
seek to explain events with a bottom-up per-
spective in which rank-and-file workers strug-
gle to shape their own destiny. In contrast,
we adopt what might be called ‘‘history
from the middle out’’ in which technical
experts and junior managers located deep
within the organization chart of a large, cha-
otic firm attempt to reshape its structure, cul-
ture, and practices to their own advantage.
The computer technology was a powerful
tool for the ascent of a new, technocratic
class within ICA and within Mexican society
more generally. This has resonance with a
broad literature on the ability of elite groups
to wield social authority on the basis of
claims to scientific or technical expertise.6

Shifting our focus to computer technology
in use poses other challenges. A standard
computer might be used in distinctive ways
in different industries. As James W. Cortada
has shown, it is possible to write the history
of computer usage as a collection of dozens
of loosely connected stories covering differ-
ent industries.7 Likewise, by the 1960s the
international computer industry was domi-
nated by a handful of firms, mostly Ameri-
can. Still, we should not assume that the
adoption of American hardware by a non-
American firm necessarily reflects the adop-
tion of American values and practices, nor
should we assume that the same machine
would produce the same results or convey
the same cultural meanings in another coun-
try. Cortada has called for research on the
international ‘‘diffusion’’ of computer tech-
nology, but we prefer to follow a recent
trend in characterizing the international
transfer of high technology as a process of
‘‘appropriation.’’8 Whereas diffusion is a pas-
sive and directionless process driven by ran-
dom collisions, appropriation suggests an
active process in which ownership of a new
technology is deliberately and even forcefully
established by its recipients.

As a case study of early computer use in a
Mexican engineering firm, this article strives
to meet Mahoney’s daunting challenge to ex-
plore the ‘‘histories of computing(s)’’ in all
their richness.9 The few detailed studies of
computer use in particular industries have
tended to focus on financial organizations.10

Likewise, almost nothing has been written

about any aspect of the history of computing
in Mexico, and Latin America as a whole has
received little more attention.11 As a case
study of a grupo industrial, the article demon-
strates some of the challenges (and opportu-
nities) of researching big business in Latin
America. As a loose federation of industrial
and family interests, the grupo is a popular or-
ganizational form in the region, but it is
under researched compared to the multitude
of business history studies on stock-owned,
publicly traded corporate bodies typical of
the Anglo-Saxon mode of capitalism.

This article details the introduction and
diffusion of computer technology within
ICA. Specifically, we look at how purchases
were made, benefits afforded to the com-
pany, challenges to make the technology
work, changes in the use of computers over
time, relationships between computer use
and organizational structure, and events
that led to the creation of an independent
computer services company. Our story relies
on oral histories of participants involved in
setting up and running ICA computer cen-
ters.12 Following established practice in this
area, we interviewed people separately,
obtained documents from their personal col-
lections to verify details and prompt other
contributors, and conducted several rounds
of interviews with key informants in which
questioning grew increasingly detailed.13

This process of triangulation between sources
eventually yielded a stable and robust narra-
tive. Early drafts were also cross-checked by
these participants.

Careers and Contexts
In 1961, José Piña Garza, later to head ICA’s
computer center, joined the Ministry of
Infrastructure’s (then called Secretarı́a de
Obras Públicas or SOP) Structures Department
(Departamento de Estructuras). Born in Mexico
City in 1938, at the time he was still an un-
dergraduate in civil engineering at the
National University (Universidad Nacional
Autónoma de México, or UNAM) in Mexico
City (from which he graduated in 1962).

UNAM was a central institution of the
emerging Mexican technocractic elite.14

Since the 1920s, Mexico’s political system
had been dominated by the Institutional
Revolutionary Party (Partido Revolucionario
Institucional, or PRI). It ruled without inter-
ruption until 2000, shaping a distinctive
political economy in which closely inter-
locked networks of well-connected individu-
als shared political and economic power.15
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Piña’s career exemplifies

the transfer of expertise

and technological

capabilities from

the public to the

private sector.

By the 1950s, revolutionary leaders had been
replaced with a civilian ruling class, and from
the 1960s onward, a technocratic elite even-
tually dominated by economists played an
increasingly important role. In the process,
a new vision of the role of government devel-
oped, with state-sponsored construction of
large-scale infrastructure becoming the en-
gine for economic development and modern-
ization.16 Mexico’s growth rate surged in the
1960s, and the country was hailed as a model
for Latin America.17

Computerization was an integral part of
this state-led push for modernization. Many
members of Mexico’s pioneering generation
of data-processing experts received their first
exposure to computing while working in
the public sector, before transferring this
expertise and enthusiasm to private-sector
organizations.

Piña’s career exemplifies this transfer
of expertise and technological capabilities
from the public to the private sector. After
joining the Ministry of Infrastructure, he
was soon trained in assembly language pro-
gramming for its soon-to-arrive IBM 1401.18

Between 15 and 20 participants attended
two of these courses each.19 Because the
1401 was overseen by the General Services
Department (Departmento de Servicios Gener-
ales) and was aimed at administrative pro-
cesses (general accounting and payroll),
most attendees had an accounting or busi-
ness background. Piña was the only partici-
pant from the Projects and Laboratories
Bureau (Dirección General de Proyectos y Labo-
ratorios), the area responsible for highway,
bridge, and building design. Two other
young engineers worked at the Constructions
Bureau (Dirección General de Construcción).20

Even the trainers hired by IBM to prepare
SOP staff for their new work found the
content new, preparing for their duties by

reading manuals beforehand and learning
by working through exercises themselves as
the course progressed.19

SOP’s new computer was part of a sizable
wave of installations within Mexican state
institutions in the early 1960s. Universities
led the way. The first computer in Mexico
was an IBM 650, two of which were installed
in 1958, one at UNAM and another at the
University of Nuevo León in Monterrey.21

Other state and private universities were not
far behind. For instance, the National Poly-
technic Institute (Instituto Politécnico Nacio-
nal) installed an IBM 709 in 1961.22 Early
applications were in technical and scientific
computing, although administrative work
followed at UNAM in 1965 when an IBM
1440 hosted payroll and mechanized the ac-
counting function.23

Within the federal bureaucracy in Mexico
City, larger computers were also applied to
administrative tasks. The pioneer was the
Mexican Social Security Institute (Instituto
Mexicano del Seguro Social), which adopted
an IBM 7070 around 1961.24 The first large
application in private business took place in
1962, when Monterrey-based Grupo Vitro in-
stalled another 1401.25 In 1963, the same
equipment was deployed at the Finance Min-
istry (Secretarı́a de Hacienda y Crédito Público)
and local subsidiaries of US-multinationals
Colgate Palmolive and the Ford Motor Com-
pany.26 Large banks in the Mexican capital
soon followed.

The development of data-processing appli-
cations was left to the customer. After a com-
puter was installed, IBM support took the
form of ‘‘service’’ and ‘‘support’’ engineers
who were often deployed full time to the
new site. However, they only looked after
the hardware and answered specific queries.
Assembler-based administrative applications
soon saturated the capacity of the 1401 at
SOP,27 but there was an expectation within
SOP’s middle and top ranks that computer
technology could also be used to develop
engineering applications.28

Photogrammetry at SOP
Mexico’s geography is dominated by two
major mountain ranges, meeting in the inte-
rior of the country. Its population is concen-
trated around a handful of urban centers,
leaving vast amounts of territory unpopu-
lated and unknown. To meet the central gov-
ernment’s goal of expanding the country’s
infrastructure, SOP had to substantially in-
crease its capacity to design and plan for
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new highways, roads, and bridges.20 By the
1960s, SOP had identified the production of
high-quality topographical maps as a vital
prerequisite for its program of large-scale
infrastructure projects. Map coverage was so
incomplete and dated that highway contracts
could not even be awarded, as routes were
chosen to hug terrain and minimize the con-
struction of bridges and tunnels. Traditional
ground-based methods of surveying this ter-
rain were too slow and expensive to be
practical.

The solution was photogrammetry, the pro-
duction of topographical maps from aerial
photography. Since the mid-1930s, Compañı́a
Mexicana Aereofoto had been Mexico’s sole
commercial provider of topographic maps
produced via photogrammetry. Its pilots un-
derstood the special flying techniques
needed to produce usable images, and its
analysts produced new maps under commis-
sion to private and governmental clients. As
SOP expanded its infrastructure projects, it be-
came more closely involved in the production
of maps based on Aereofoto’s aerial data. This
was highly labor intensive, so the Structure
Department’s first major computer project
was to partially automate photogrammetry
by storing topographic information on
punched cards. The decision to move forward
was made toward the end of 1962.27 Similar
techniques had already been proven in Ger-
many, Sweden, and Switzerland (which Piña
and two others observed firsthand during a
two-month tour of Europe).

Approval of the project required leasing
an IBM 1620 to sit alongside its overloaded
1401.20 The 1620 was selected because it
was both modest in size and highly reli-
able.27 Piña was one of approximately 10
engineers chosen to receive IBM training in
Fortran, marking SOP’s first adoption of a
high-level programming language. Five of
these engineers were selected as the pro-
gramming unit, and three of them were
promising recent graduates from UNAM
(including Piña).19 The two others were
more senior and experienced in road and
highway design.

The project team soon discovered that by
changing a small number of punched cards,
a process initially thought of as one of labor
substitution and mechanization became one
of optimization; the combination of photo-
grammetric information together with elec-
tronic calculation improved the highway’s
alignment. Piña claimed that this resulted
in approximately 10 to 15 percent savings

in the overall expected construction costs,
which more than compensated for the cost
of the additional effort to input data in
punched-card form.18

ICA Acquires Aereofoto
Aereofoto’s business evolved during the
1960s as it did more work for SOP and its sub-
contractors. However, the company was
weakened by the untimely death of its foun-
der Luis Struck and his two sons in two sepa-
rate airplane accidents. This led his widow
and sole owner to sell the company to the
engineering firm ICA, one of its main clients
and a major SOP contractor.29 Victor San
Miguel, then general manager of Solum
(ICA’s soil mechanics business) suggested
the purchase of Aereofoto. Aereofoto’s reve-
nues were modest but a key aim was to facil-
itate contacts with government officials,
learn of their plans and future priorities,
and thus get a heads up to eventual civil
engineering contracts.30

Political connections were crucial to suc-
cess in Mexico under the PRI, particularly
for firms such as ICA eager to increase their
role in the state-driven construction sector.
ICA was led by Bernardo Quintana Arrijoa,
a colorful and charismatic leader who was
the company’s president until his death in
August 1984.31 In July 1947, Quintana had
assembled a group of 18 engineers, then
aged between 23 and 28 years old, to estab-
lish the firm as a partnership. Like other engi-
neering firms created by the growing cadres
of Mexican civil engineers, ICA needed to
establish credibility, capabilities, and govern-
ment connections sufficient to bid competi-
tively for large urban projects and other
infrastructure contracts. From the late 1940s
into the 1970s, a wave of economic national-
ism inspired governments throughout Latin
America to encourage the development of
local firms and reduce reliance on imports
and foreign companies. ICA’s success in
delivering to the Mexican government, fol-
lowed by the construction of the Alto Anchi-
cayá dam in the Colombian Andes in the late
1960s and several highways in Central Amer-
ica during the 1970s, effectively positioned
the firm as the first indigenous Mexican com-
pany with major international activities.

In 1965, when it purchased Aereofoto,
growth through acquisition was a new strat-
egy for ICA. Since the 1950s, ICA had regu-
larly spun off parts of its fast-growing
business as independent companies that
sold their services externally to the market
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and internally to other companies within the
group (at ostensive market prices). By 1967,
there were 30 such companies, employing al-
most 20,000 people and forming what was
then called Grupo ICA.32 ICA aimed to maxi-
mize the reinvestment of after-tax profits and
reduce tax payments by obscuring a con-
tract’s net profit inside its web of seemingly
independent companies.20,30 This resulted
in the group being run by a number of ‘‘divi-
sional viceroys,’’ hindered the development
of standardized processes, procedures, and
practices, and gave no incentives to share
common facilities (including computing
equipment).18,33

ICA retained its partnership structure well
into the 1990s, sharing dividends from its
various businesses among its partners. The
creation of new companies was seen as a cru-
cial step in advancement toward this exalted
and lucrative position. ICA’s partnership
structure was unusual among capital inten-
sive firms and large Mexican enterprises,
but its legal structure as a collection of inde-
pendent firms with common ownership was
not uncommon. Similar grupos existed in a
variety of Mexican industries.34

The Arrival of the IBM 1130
Shortly after its acquisition by ICA, Aereofoto
secured a hefty contract to draw topographic
maps of large irrigation areas based on photo-
grammetry.35 San Miguel oversaw Aereofoto
while a permanent general manager was
appointed. He approached Piña regarding
the possibility of deploying in Aereofoto a
system similar to that at SOP.18 Soon Antonio
Dovalı́ Ramos, an up-and-coming young en-
gineer, was appointed Aereofoto’s general
manager. Like San Miguel, he believed that
manual processes for creating maps through
the combination of aerial photographs and
topographic information were tedious and
prone to error.30 For instance, correlating in-
formation required the four people involved
in calculations at Aereofoto to work with
16-digit decimals in operations involving
logarithms and trigonometric functions. Be-
cause the demand for large projects at Aereo-
foto was influenced by requests for up-to-
date maps and cartography, workloads were
unpredictable. This made staffing difficult.

Having decided to duplicate the compu-
terized photogrammetry operation built by
Piña at SOP, Aereofoto was in urgent need
of two things: a computer and a computer
center manager. In the months that followed
his appointment as general manager, Dovalı́

had several meetings with Quintana in
order to secure the computer. This was an up-
hill struggle. ICA’s hierarchy in general, and
Quintana in particular, tended to avoid capi-
tal investment and were not convinced of the
benefits of computer technology. Dovalı́ won
agreement by promising immediate savings
from partially automating Aereofoto’s labor-
intensive calculation process.18

Acting as external consultant, Piña over-
saw the selection of the computer and pro-
gramming team.27 He was given free rein to
choose staff and equipment. By the mid-
1960s, it was increasingly evident to those
involved in Mexican computing that their
second-generation (transistor-based) machines
such as the 1401 and 1620 would soon be
replaced with new models.27 At ICA ,the se-
lection strongly favored IBM, thanks in part
to its prevalence within the Mexican govern-
ment (ICA’s main client).36 IBM faced only
limited competition in Mexico and was seen
as the most (if not the only) credible provider
with infrastructure to service computer equip-
ment in Mexico.18 Moreover, ICA had an
existing relationship with IBM, having leased
its tabulators to help control the location and
servicing of earth-moving equipment.20 The
only European competitor in Mexico was
GE-Bull (servicing the National University
and Banamex) while Burroughs and Honey-
well were the only other US manufacturers
with local servicing facilities.37

Piña chose the IBM 1130 over the smallest
computers from the company’s System 360
range, believing it more suited to engineering
projects. Introduced in 1965, the 1130 ‘‘was
IBM’s least-expensive computer to date, and
was aimed at price-sensitive, computing-
intensive technical markets like education
and engineering.’’38 The 1130 addressed
many of the shortcomings of the 1620,
which Piña had used at SOP. For instance,
the 1130’s removable disk was seen as more
versatile than the 1620 fixed storage device.
Equivalent to 64 Kbytes, the 1130’s memory
was substantially bigger than the 1620’s
60,000-digit capacity storage.27,30 ICA or-
dered the 1130 just a few weeks after it was
announced in March 1965 in the US. This
was the second order for the machine any-
where and the first to be deployed outside
the US.27 It arrived at Aereofoto in 1966.

Finding a manager for the new installa-
tion was easier. After the computer had
been installed, Aereofoto hired Piña full
time and named him chief of the Electronic
Computer Department (Jefe del Departamento
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de Cómputo Electrónico). In part, this followed
a pattern familiar in American companies
since the early 1950s in which members of
the committee established to do a ‘‘feasibility
study’’ of computerization lead the new de-
partment once a decision to purchase was
made. However, this Mexican case has an in-
teresting twist because Piña had conducted
the study while an employee of SOP, a state
ministry. His departure thus represented a
transfer of tacit knowledge from the govern-
ment apparatus into a closely allied part of
a private company.

The new department needed staff. Piña
employed 10 newly graduated engineers
(all male) to be trained on the job as com-
puter programmers and analysts. Most of
these new engineers graduated from the Na-
tional University’s Faculty of Engineering
and had Fortran experience.39 The team
also included four female punched-card oper-
ators as well as Bernardo Bátiz-Echavarria (see
Figure 1), who had firsthand knowledge of
computer programming through recent doc-
toral courses in operations research at the
Wharton School (thanks to ICA’s scholarship
program).18 It was a fairly informal working
environment. Computer programmers and
machine operators shared the workload and
many became jacks of all trades.33 This was
in sharp contrast to the strictly hierarchical
organizational structure typical of Mexico in
the 1960s.

Even though the 1130 required an air-
conditioned room, a dust-free environment,
and card punches and readers for input, it
remained small and cheap compared to
other computers of its day (and to much of
the other equipment needed by a heavy engi-
neering company).18,35 The monthly rent
was roughly equivalent to the monthly pay-
roll of three senior engineers so its cost
could easily be recouped if effective applica-
tions were found.27

As Figure 2 shows, the room housing the
first machine had severe limitations. Temper-
ature was controlled with an air-conditioning
unit mounted on a window while cables were
initially exposed. They were later covered
with makeshift cardboard covers.40

Establishment of an Internal
Service Center
Computing practice was shaped profoundly
by ICA’s reliance on market mechanisms to
coordinate its many subsidiaries. The newly
created computer center team at Aereofoto
had a mandate to sell its services to other

companies within the group by providing
computerized support for engineering proj-
ects.35 Some of these could benefit from stan-
dard 1130 applications such as those for
project management and structure cost esti-
mates (see Figure 3).18,41

Computerization of engineering applica-
tions went well,18,30 but an uneven workflow
threatened to leave the computer idle for
long periods of time. Dovalı́ therefore pushed
for the development of administrative appli-
cations, even though the 1130 was not
designed for them and the computer staff
had expertise in engineering rather than
business systems analysis. At the insistence
of the Vice President of the Heavy Engineer-
ing Division Fernando Favela (Vicepresidente
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Figure 1. José Piña Garza and Bernardo Bátiz-

Echavarria (September 2009). Both men were

instrumental in the running of the IBM 1130

and the purchase of the CDC 3300.

Figure 2. The first IBM 1130 at Aereofoto, circa 1966. At this early

installation, temperature was controlled with an air-conditioning unit

mounted on a window while cables were initially exposed. (Courtesy

of Fundación ICA.)
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de la División de Ingenierı́a Pesada), the first of
these was a program for the accounting con-
trol of construction equipment.18,20,35 This
involved tallying hourly use of earth-moving
equipment by different companies at differ-
ent locations. These machines were owned
by ICA and provided to subsidiaries at market
prices. This application benefited from a preex-
isting procedure based on punched-cards and
electromechanic tabulators.20 The computer

program also estimated depreciation charges
and kept a record of service and mainte-
nance per machine.33

The team built a payroll system for Aereo-
foto at the same time. It automated manual
processes by updating staff turnover files
and daily attendance to generate paychecks
as well as general ledger debits and credits.
The payroll was run weekly, and employees
were paid in cash. This application was at-
tractive because it would consume computer
time on a predictable basis.33 However, pro-
gramming the payroll application proved to
be a challenge.42 The 1130 then had no
Cobol compiler and its Fortran used floating-
point arithmetic unsuited for accounting
purposes. Adding and multiplying subrou-
tines were needed to ensure an accurate
accounting tally for pesos and cents.18

Why was such a generic application devel-
oped from scratch? IBM did offer some sort of
payroll application for the 1130, but IBM’s
software was based on US laws, requirements,
and organizational practices. Many Mexican
companies (within and outside ICA) had id-
iosyncratic practices and requirements that
made localizing US software more expensive
that programming from first principles.33

And even in the US, the market for general-
ized application software had not yet
developed.43

Scaling up Computer Capabilities
Aereofoto soon needed more computer
power. Quintana had convinced General
Alfonso Corona del Rosal, the newly
appointed Mexico City regent (Jefe del Depar-
tamento del Distrito Federal, 1966–1970), to
build a subway system (Metro) in support of
the 1968 Olympic games and 1970 Football
World Cup. ICA promised delivery in record
time.35 Aereofoto’s programming team
developed operations research simulation
programs—most in Fortran but some using
the General Purpose System Simulator
(GPSS)—to estimate its optimal passenger
loads and train lengths. When the contract
was granted, ICA faced the challenge of
managing a weekly payroll of up to 12,000
manual laborers hired within short periods
of time by different companies within
ICA.33,35 A tax reform introduced in 1967
required that companies report consolidated
annual income and tax withheld per worker
to the Finance Ministry.44

In response to the increased workload,
the company leased a second IBM 1130
(see Figure 4). This installation had twice

[3B2-9] man2012020020.3d 3/5/012 16:37 Page 26

Engineering Change: The Appropriation of Computer Technology at Grupo ICA in Mexico (1965–1971)

Figure 3. Mechanization of engineering projects at ICA, Aereofoto

circa 1967. Photogrametry capabilities for highway design included a

punched-card machine (toward the back). (Courtesy of Fundación ICA.)

Figure 4. Second IBM 1130 at Aereofoto, circa

1968. This time an effort was made to house it

under more suitable conditions. (Courtesy of

Fundación ICA.)
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the memory of its sibling, two more remov-
able disk units, an additional magnetic-tape
reader/writer (used mainly for back-ups),
cables covered under ‘‘proper’’ flooring,
and ‘‘more appropriate’’ air-conditioning.40

Aereofoto’s leaders anticipated further
outsourcing of payroll, general accounting
applications, and project management from
other firms within ICA. In January 1970, a
new company was established within ICA
called Procesos y Sistemas de Información (PSI).
The idea was for the computer installations
to grow into a general-purpose company
that ‘‘offered all services currently available
around electronic computing.’’45 All those
in Aereofoto involved with computing were
relocated to staff the new company, with
Dovalı́ as general manager (Gerente General),
Piña as second in command (Subgerente Gen-
eral) and Bátiz-Echavarria as chief operations
manager (Jefe de Operaciones), overseeing the
day-to-day running of computer-related proj-
ects, computer selection, and details of the
new computer center.46

The IBM 1130s remained unsuited to ad-
ministrative applications. These ambitious
plans demanded a newer, larger computer.
Quintana was again reluctant to release addi-
tional funds for the new machine. During
their negotiations, Dovalı́ suggested placing
the computer in a glass-plated room on the
ground floor of the newly opened central of-
fice building in Mexico City. This building
embodied modernist architectural concepts
such as an open plan and a floor-to-ceiling
glass entrance. The computer would be
placed in the front entrance, across the hall
from the elevator bank, leading to Quinta-
na’s office. Dovalı́ remembered telling Quin-
tana, ‘‘You are going to be able to show off all
the little lights, because these machines have
loads of them.’’30 Quintana finally warmed
to the idea of a new computer as a symbol
of modernity and agreed to the replacement.

Several manufacturers with local represen-
tatives were considered, including IBM, RCA,
Victor, and Honeywell.35 Eventually the team
chose Control Data Corporation, which
offered a 3300 computer (see Figure 5) at
the price of the smaller 3100.35

The new machine started working on Feb-
ruary 1970.47 This computer, and its staff of
130 people, were claimed to constitute one
of the top 10 computer centers in Mexico.48

The ground floor at the central office build-
ing catered to its special requirements for
power, temperature, humidity, and dust con-
trol. Cables were hidden from view behind

false flooring and ceilings. CDC not only
supervised but also advanced the cost of fit-
ting the showpiece room for the computer.18

Staff was initially housed in the mezzanine
floor overlooking the glass-plated computer
area (but eventually re-located to the base-
ment just below the computer).

The larger staff allowed for more rigorous
specialization and formal organization with-
in the computer team, with some staff focus-
ing on the operating system and others on
computer operation, managing data input,
the payroll system, engineering applications,
and so on.33 But the combination of rapid
growth, high staff turnover, and poor docu-
mentation soon resulted in administrative
mayhem.33 Moreover, new graduates within
the 35 or so programming and computer
operating staff were keen to learn new com-
puter languages such as IBM’s APL (A Pro-
gramming Language), regardless of their
suitability for the firm’s actual needs.33 Iso-
lating computer staff and equipment behind
physical as well as organizational walls was a
bit of a shock for some, particularly to those
who had more intimate contact with com-
puter equipment at university.33

The CDC 3300 was plagued with prob-
lems.18,30,33 In theory, it would require only
a couple of hours to run the same process
that took a day on the old IBM 1130,33 but
failures were very frequent. Some were
the results of poor management—installing
the wrong update or software package.33 The
new integrated circuit technology was unre-
liable because the soldering of circuits onto
boards was prone to loosening.18 Power con-
version was one of the most frequent (and
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frustrating) sources of operational failure.18

The 3300 required 400 Hz of electrical
power and came with a converter from the
60 Hz used in the US. Mexico’s 50 Hz stan-
dard required a further convertor.18,35 Fortu-
nately, the CDC’s high throughput meant
that when it did function properly for a
few hours it could quickly clear the accumu-
lated backlog of jobs.

CDC had promised to build up capabilities
to deliver highly reliable and swift engineer-
ing support for Mexican companies.33 Its
Mexican engineering support and servicing
teams, however, were not set up to deliver
on its promises. Engineers and spare parts
often had to be flown in from the US,
which delayed solutions.18 This was in
sharp contrast to the service IBM had pro-
vided to Aereofoto, as IBM’s service engineers
had been knowledgeable, available immedi-
ately at any time of day (or night), and
prompt to secure spare parts.27

By mid-1970, the PSI team’s credibility
was in freefall because the machine was
often not ready to run the weekly payroll.
Manual workers at Metro organized more
than one revolt in response. To make matters
worse, frustrated with the key punching,
Dovalı́ had insisted that the 3300 should
have an optical character recognition (OCR)
device.18,30 OCR was intended to speed up
and reduce error in data-capture tasks. Yet,
even when volume was sufficient to use
them continuously, the OCR devices of the
late 1960s and 1970s were expensive and
could only capture half of the data on ICA’s
forms because much was handwritten.18,30

Offering Computer Bureau Facilities
through Joint Ventures
PSI struggled to increase its volume of inter-
nal client companies as planned, even as
the Metro construction project and attendant
stream of payroll processing income were
winding down.18 Maximizing the use of the
CDC and finding new income streams was
crucial. An external group of consultants
based at Arthur D. Little de México submitted
a proposal in May 1970 to identify and priori-
tize areas for software development.49 In
1970, Dovalı́ moved with some of the techni-
cal team from Aereofoto to set up a consult-
ing and special projects company called
ICATEC.35 By then the PSI team had started
to develop a large number of engineering
and administrative applications around the
3300, but without much input from the man-
agers of ICA’s companies who were their

prospective customers.18,33 For these manag-
ers, adding transparency to their operations
would mean losing opportunities to ‘‘dress
up’’ financial performance. Payroll processing
and accounting work was not consolidated in
the computer center and continued to be
scattered across individual businesses. This
killed PSI’s hopes of becoming a leading
local provider of computer and software-
related consulting services.

The search for new income streams also
inspired planning for a joint computer utility
venture. The idea originated with the success
of Doval and Bátiz-Echavarria in deploying a
machine maintenance application by install-
ing a time-sharing terminal from the Univer-
sity Computer Corporation (UCC) in the
border town of Brownsville, Texas, to support
an engineering contract in the Mexican side
of the border.46 Thus, the idea was born of
a shared service to give other Mexican firms
access to computer capacity. US-based com-
puter services organizations could assist
with software development and localizing
software packages as well as offering time-
sharing and teleprocessing services inside
and outside of ICA.50 However, negotiations
with the Americans stalled chiefly because
the Mexican government retained the mo-
nopoly in data transmission.

Lack of progress led Piña in 1971 to ex-
plore the possibility of developing a joint
computer center with Banco del Atlántico, a
mid-sized financial institution.51 The idea
was to develop applications for banking,
engineering, and general-purpose comput-
ing. Another consulting firm was employed
to study the options. Its report urged ICA to
enter the market and acquire ‘‘the necessary
managerial expertise’’ either with UCC or
alone.52 It was read by ICA’s top brass, rather
selectively, to justify dropping all plans for
commercial time-sharing and service bureau
operations and focusing PSI on servicing
ICA’s subsidiaries.18 Piña was removed from
the management of PSI in 1971, moving
over to its sister consulting firm ICATEC.

To salvage the situation, the PSI team de-
cided in 1972 to replace its temperamental
CDC 3300. An IBM 360/40 arrived as a stop-
gap until a 370 was delivered in 1974.40 Only
the most profitable applications were
retained, among them some engineering
applications and the construction worker
payroll (as a means of control rather than
labor cost saving). This rationalization of
scope and reduction of staff size left a profit-
able, albeit much smaller, operation. By the
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mid-1970s, ICA had finally reached a stable,
if conservative, model for the application of
computer technology.

Conclusion
During this era, computers were spreading
beyond their initial beachhead in elite state
institutions. According to one estimate,
there were 250 computer centers in Mexico
in 1967.53 This grew to 1,200 by 1976, most
of which were deployed in Monterrey and
Mexico City. This story confirms the need
to consider the histories of computer use
within the broader contexts of nations and
industries. ICA’s rise during in 1960s and
1970s reflected its successful alliance with
the state during Mexico’s nationalistic drive
for growth.

This model had broken down by the
1990s. Mexican companies fortunate enough
to survive the turmoil of the 1980s looked to-
ward global markets as the source of new
growth. At ICA, financial standardization
eventually took place in response to external
pressure in preparation for ICA’s flotation
on the stock exchange in 1992. Reporting
requirements and investor expectations
drove consolidation of accounting controls,
rationalization of subsidiaries, and elimina-
tion of general managers’ incentives to
tweak internal accounting reports.18 ICA
was adopting the US model of a decentral-
ized, multidivisional firm held together by
rigorous financial controls.

During the 1960s and 1970s, however,
ICA represented a distinct and alternative
model for corporate organization with pro-
found implications for the development of
its computing operations. The computeriza-
tion movement within ICA was led by a
youthful cohort exposed to new technology
within the public sector. Strategies and appli-
cations were pursued with gusto but without
much discipline and without a firm under-
standing of potential internal and external
markets. ICA’s structure as a web of interlock-
ing companies required its computer staff to
seek a stable income stream from other ICA
units and encouraged them to seek out exter-
nal customers. However, it also starved them
of the resources and support needed to effec-
tively enter the nascent markets for computer
services, facilities management, or online ser-
vices. ICA’s first computer, the IBM 1130, was
intended for engineering applications but
was soon switched to administrative data
processing work. These ill-fated attempts to
rush into unproven business areas were not

simply a matter of bad marketing or poor dis-
cipline on the part of the computer staff. Am-
bitious managers felt pressure to develop
their teams into profitable, independent
companies. Dovalı́, Piña, and their colleagues
pressed on time and again. Dovalı́ achieved
partner status in the mid-1970s after being
credited with the establishment of PSI and
ICATEC while Piña, partly as a result of the
PSI ‘‘fiasco’’ and his failure to develop the
computer utility service, remained a middle
manager throughout his career at ICA.

The same distinctive culture and frag-
mented organizational structure that pushed
Piña and his colleagues toward rapid growth
and opportunistic pursuit of new business
also ensured that they would be deprived of
the most obvious source of revenue for
most data processing operations: operation
of a standardized corporate accounting sys-
tem. Adoption of standardized accounting
and administrative programs implied, and
facilitated, the standardization of financial
controls and procedures across the company.
This promised a huge revenue and steady in-
come stream for PSI and would have had pro-
found implications for the transparency of
ICA’s internal accounting systems. Business
managers had considerable autonomy and
the top ICA managers did little to enforce
the rapid introduction of standardized
norms and procedures across subsidiaries.
Thus, the evolution of data processing within
ICA was shaped by the evolution of organiza-
tional form within Mexico, which must be
understood within the distinctive political
economy developed under decades of rule
by the PRI.

References and Notes
1. M.S. Mahoney, ‘‘The Histories of Comput-

ing(s),‘‘ Interdisciplinary Science Rev., vol. 30,

no. 2, 2005, pp. 119–135.

2. A classic call for attention to users in the history

of technology is R.S. Cowan, ‘‘The Consump-

tion Junction: A Proposal for Research Strategies

in the Sociology of Technology,‘‘ The Social Con-

struction of Technological Systems, W.E. Bijker,

T. Pinch, and T.P. Hughes, eds., MIT Press, 1987,

pp. 261–280. A recent, highly influential sam-

pling of work in science studies on users was

given in N. Oudshoorn and T. Pinch, eds., How

Users Matter: The Co-construction of Users and

Technology, MIT Press, 2003.

3. J. Yates, ‘‘How Business Enterprises Use Technol-

ogy: Extending the Demand-Side Turn,‘‘ Enterprise

and Society, vol. 7, no. 3, 2006, pp. 422–455.

[3B2-9] man2012020020.3d 3/5/012 16:37 Page 29

April–June 2012 29



4. J. Yates, Structuring the Information Age, Johns

Hopkins Univ. Press, 2005.

5. The early establishment of identities, practices,

and division of labor in administrative comput-

ing is explored in T. Haigh, ‘‘The Chromium-

Plated Tabulator: Institutionalizing an Electronic

Revolution, 1954–1958,‘‘ IEEE Annals, vol. 23,

no. 4, 2001, pp. 75–104.

6. Expertise has been a central topic in science

studies for many years. For a broad and recent

examination, see H. Collins and R. Evans, Rethink-

ing Expertise, Univ. of Chicago Press, 2007.

7. J.W. Cortada, The Digital Hand: How Computers

Changed the Work of American Manufacturing,

Transportation, and Retail Industries, Oxford

Univ. Press, 2003; J.W. Cortada, The Digital

Hand, Volume 2: How Computers Changed the

Work of American Financial, Telecommunications,

Media, and Entertainment Industries, Oxford

Univ. Press, 2006; J.W. Cortada, The Digital

Hand, Volume 3: How Computers Changed the

Work of American Public Sector Industries, Oxford

Univ. Press, 2007.

8. Discussion of the appropriation of technology

emerged recently as an alternative to the idea

of its use or consumption. It implies a more

active and creative role for the recipient. Early

use was often intended to grant historical

agency to members of marginalized social

groups—as described, for example, in much of

the work in R. Eglash et al., eds., Appropriating

Technology: Vernacular Science and Social Power,

Univ. of Minnesota Press, 2004. However, it has

also been used to describe international transfer

of technology, for example, see M. Hård and
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T. Söderqvist, eds., Routledge, 2006,

pp. 187–200.

14. Among others, see F. de Rossi, El empresario

mexicano [The Mexican Businessman], UNAM,

1977, and S.L. Babb, Managing Mexico:

Economics from Nationalism to Neoliberalism,

Princeton Univ. Press, 2001.

15. R.A. Camp, Mexico’s Mandarins, Crafting a

Power Elite for the 21st Century, Univ. of

California Press, 2002, and R.A. Camp,

‘‘Informal and Formal Networking Among

Elite Mexican Capitalists and Politicians,‘‘

Comparative Sociology, vol. 2, no. 3, 2002,

pp. 135–154.

16. E. Cárdenas, ‘‘El proceso de industrialización
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