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1. Introduction 

Interpreting changes in technology over extended periods of time is a recurrent them for historians 
and economists. Doing so is particularly salient now due to looming existential threats. These threats 
are brought about by social discord, climate change and species extinction and they stem from our 
continuing reliance on fossil fuels and the shortcomings of our social, political and economic systems 
(Schot, 2016).  One approach to examining the origins and development of these threats is to view 
technological history as a stream of incremental improvements, punctuated by innovation surges. 
Such surges re-structure existing social and economic systems and the most recent technology 
implicated in this way is information and communication technology (Freeman & Louçã, 2001).  An 
alternative is to focus on the persistence and continuity of social routines and practices that shape. 
and may initiate, changes in technology in the contest long run economic growth.  These different 
approaches have markedly different implications for understanding the timing of change and the 
pace at which change is expected to occur.  The development of business data processing during the 
20th century provides a suitable terrain for exploring these approaches and their implications. 

The interplay between the continuity of growth and innovation surges is at the heart of explanations 
of the dynamics of capitalism and growth by 20th century economists such as (J. Schumpeter, 1934; J. 
A. Schumpeter, 1939) and (Kuznets, 1973).  The efforts of entrepreneurs and the application of 
science to industry suggested to these economists a means of explaining differences in the relative 
growth of national economies and cycles in business activity.  From an economic perspective, a 
central feature of these surges is the advent of major innovations followed by the diffusion or 
uptake of technology.  As adoption increases, it is assumed that so do economic returns, e.g. 
productivity improvements and long-term economic growth.  Fundamental change is therefore the 
consequence of major innovations followed by societal adaptation. 

The history of information technology is often considered to be consistent the Schumperian 
narrative.  The general-purpose digital computer is treated as the genesis from which succeeding 
generations of machines follow with increasing ‘power’ in computation, fuelling the potential for 
productivity improvement and economic growth.  In the history of technology, consistent with this 
narrative, substantial attention has been paid to the early generations of general purpose or von 
Neumann computers and to the people responsible for their design, e.g. (Dyson, 2012).  It has also 
structured examinations of the history of computing in terms of diffusion of machines and their 
applications as in the wide-ranging histories offered by Cortada (Cortada, 2004) (Cortada, 2006) 
(Cortada, 2008).  His method involved examining diffusion by proceeding through the sectors of the 
economy defined by markets and institutional identities, a well-accepted method of combining 
technology and economics – a techno-economic approach. 

Schumpeter’s waves of creative destruction and later invocations of technological revolutions 
highlight the discontinuities in techno-economic structures.  From these accounts, one might 
conclude that social arrangements for the use of technology were quite malleable, revised either 
joyfully or painfully (depending on one’s social position) to match the potentials offered by the next 
major wave of innovations.  For economists, this portrayal is not very troubling.  Markets, including 
those for labour, are shifted by changes in demand and supply such that a new equilibrium is 
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reached and viewing technology as largely or entirely exogenous is the usual assumption.  For social 
and cultural historians, however, such accounts are more troubling.  It is not only that the disruption 
implied by the word ‘revolution’ suggests the need to examine consequences, but that important 
underlying continuities exist even in times of dramatic change. Accounts focussing on discontinuity 
and novelty may overlook important historical influences. 

One source of continuity is the persistence of power relations within society that may allow 
incumbent actors to harness new technologies rather than being destroyed by entrepreneurial 
entrants (Tripsas, 1997). This perspective is prominent in (Braverman, 1974), who interpreted the 
evolution of technology in terms of the reproduction of power relationships and spoke of 
technologies such as the numerical control machine tools as being associated with ‘deskilling.’   
Choosing technology that will preserve or enhance the power of men at the expense of women or 
defining work with particular technologies as masculine or feminine is a further development in the 
history of technology (Wajcman, 1991) and is particularly visible in the history of information 
technology (Light, 1999; Perry & Greber, 1990). 

A second source of continuity involves considering the uses of information technology as means to 
the ends of computing or information processing.  For example, (Mahoney, 1988: 117) suggests 
‘[v]iewing computing both as a system in itself and as a component of a variety of larger systems.’ 
This leads him to point towards the significance of operations research and the models produced by 
that discipline which required software development.  Although Mahoney mentions business and 
information processing, his narrative focusses on the novelty of computationally intensive 
applications and, hence, on engineering and scientific computing.  A consequence of this approach is 
a priority in the consideration of ‘programmers’ – those who write the instructions for computers for 
the purpose of analysis, simulation, and reporting. 

Also related to narratives on the continuity of means and ends, is the work of scholars who consider 
information itself as a primary source of continuity and development.  Reflecting on information 
history from this perspective, (Aspray, 2011) identifies nine domains for research.  For present 
purposes, three are of interest.  The first domain is the transformative role of technology. He 
suggests that information technology exerts transformative influence through three main channels: 
1) promoting specific knowledge disciplines1, 2) creating new information industries and firms, and 
3) influencing the nature of work, specifically noting the reconceptualization of work and 
automation. A second domain is business and economic history where he highlights classic issues of 
industrial economics (e.g. entry, structure and strategy) and the biographical side of business 
history.  The third domain Aspray identifies is information work and its changes over time, an 
unpacking of one of the channels of transformative influence.  Two related articles continue his 
inquiry into the emergence of information history (Aspray, 2015, 2019) in which he follows the 
development of information-holding institutions such as libraries and archives and information-
seeking behaviour.  These activities can be related to the more general issue of information curation, 
a principal function of information processing (others that might be included are summation, 
extraction, and the range of activities encompassed by bibliometrics and scientometrics) (Burke, 
2007). 

A third type of continuity narrative rearranges the elements of the first two to focus on the social 
system that surrounds and interacts with information technology.  This approach begins with a 
larger system of the sort evoked by Mahoney -- the entire collection of artefacts (hardware and 
software), all the people involved in their production and use and, most importantly, the variety of 
                                                            
1 Aspray uses a computational example (numerical analysis) to illustrate this point. 
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activities and material practices in the use of information technology.  This is the starting point for 
(Ensmenger, 2012) who recounts Bruno Latour’s fieldwork at the Salk Institute for Biological Studies 
which involved observation of researchers’ ‘day-to-day activities and material practices’ in order to 
reach the conclusion that the greater part of their days was spent ‘coding, marking, altering, 
correcting, reading and writing’ various forms of documentary material.2  Applying this observational 
lens to information technology leads Ensmenger to focus on software production and, to some 
extent, those involved as computer operators.  Ultimately this leads him to conclude that the term 
‘digitization’ may most usefully convey the range of social practices pertaining to the production and 
use of digital technologies, particularly considering the proliferation of information appliances such 
as mobile phones and game machines in the contemporary context.  Even though digitisation is 
today quite inextricably linked to electronic data processing it can also be employed to consider the 
gathering, processing and display of data using earlier technologies.  In other words, it is possible to 
speak of technologically augmented digitisation, including both mechanical and electronic 
technologies. 

Digitisation as employed by Ensmenger, and in its earlier mechanical manifestations, is an instance 
of a socio-technical system, a set of relations among people and material technologies that not only 
define social practices, but also involve the purposes for which technology is employed (Geels & 
Schot, 2010).  The socio-technical approach is inclusive. It allows for the definition of sub-systems 
such as the industrial actors and markets of central interest in techno-economic approaches or for a 
specific focus on the generation, curation and reproduction of information which is of central 
concern to information science.  As a method for analysis, the socio-technical approach prioritises 
investigation of social practices and routines in its search for rules that apply to activities that are 
predominant within the system.  As theory, socio-technical analysis is closely related to the group of 
perspectives identified by (Orlikowski, 2010) as ‘entanglement in practice’. These include actor 
network theory, socio-materiality and (Barad, 2007)’s agential realism.  All these theories posit that 
the social and technical are mutually constitutive of a pattern of relationships.  In so doing, these 
approaches move away from a dualism of the social and technical and the key intrinsic problem of 
this dualism - the prioritisation of efforts to locate causation or influence as either technological or 
social. 

Applied to the study of the history of technology, the entanglement in practice perspective suggests 
examining continuities and discontinuities in practices and, through this practice lens, the 
technologies that are involved.  In other words, it suggests beginning with observations concerning 
continuity and discontinuity in practice and then tracing why and how practices have changed.  This 
paper takes up this approach in order to develop the history of practices and technologies used in 
the collection, storage, display and processing of data (eventually, digitised information) during the 
20th century.  The aim is to identify continuities and discontinuities in practice.  Doing so suggests a 
rather different periodisation of change than is suggested by the techno-economic approach.  This 
alternative periodisation, in turn, has implications for understanding processes of technological 
transition that are relevant to specific issues in information technology history and to larger 
transition processes such as the transition needed to avert the existential crises noted at the outset 
of this paper. 

2. The Setting and a Departure from Existing Accounts 

                                                            
2 (Ensmenger, 2012:753) and quoting (Latour & Woolgar, 1986:48-51). 
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This paper focusses on practices and technologies related to business data3 – defined here as the 
operating data necessary to account for transactions, including those with suppliers, workers, and 
customers involving monetary exchange.  Monetary transactions are certainly not the only processes 
that occur in business.  They occur within a broader context of information usage including 
advertising messages, marketing studies, production engineering and product design as well as 
inventory and shipping to name only a few.  These operating monetary transactions are a common 
denominator spanning all businesses and hence a common nexus for examining the routines and 
practices underlying this type business data creation, curation, and storage. The focus on 
transaction-related data also simplifies some of the variety found in considering sectoral differences 
in business such as greater attention to process instrumentation and control in the chemical 
industries or the specificities of moving from hot to cold type production methods in publishing. 

To highlight elements of continuity and change related to business data, three periods are 
considered: 1) the first half of the 20th century during which large-scale applications of electro-
mechanical office equipment were the means to computational ends, 2) the Post World War II 
period through 1965 during which general purpose digital computers began to displace electro-
mechanical office equipment but left many other elements of the socio-technical system in place, 
and 3) a period of turmoil from 1965 until 1995 during which fundamental changes in both 
technology and practice occurred creating the foundations for a very different socio-technical 
system for business data which is still unfolding. 

This paper is predominantly based upon American experience due to depth and variety of prior 
research and primary sources that are available.  The reason for beginning our observation in the 
first decades of the 20th century is that it is during this period that articulation of the control systems 
for mass production and consumption was consolidated (Beniger, 1986; Noble, 1977).  This 
consolidation relied upon a fundamental advance in both the social routines and the technology for 
recording, retaining and processing data -- the sociotechnical data system.  At the beginning of the 
first period, mechanical information processing using punched cards, tabulators and other electro-
mechanical office equipment prevailed with respect to numerical data and typewriters and paper 
filing systems were employed in a complementary way for recording, storage and curation of textual 
data.  By the end of the 20th century, increasing use of the Internet and the ever-proliferating variety 
of digital electronic information appliances that are attached to the Internet become the main nexus 
of data gathering and reporting.4   

Several periods of turmoil occurred between within the periods defined above.  These periods of 
turmoil reflect the emergence of new technological opportunities and the evolution of business data 
practices.  In terms of technology, the key opportunities were the application of general purpose or 
von Neumann computers to business data processing, the development of data communication, and 
means for mass storage of information.  In terms of practice, these periods of turmoil were linked to 
the internal organisational logic of transaction recording, processing, and reporting for which 
technologies were sought and developed.  This pattern of development was co-evolutionary in two 
specific senses due to the systemic nature of information technology.  First, alterations in practice 
and technology in one part of the system of business data influenced other systemically linked parts 
of the system – e.g. change in data gathering would have implications for practices of data storage 

                                                            
3. The focus here is on business data processing which is one of several distinct networks of practice that can 
be discerned; others might be government and scientific/military.  
4 ‘Main’ here does not mean only, legacy systems continue to be widely used.  Closing the examination with 
the end of the century is the result of the focus on transitions – the claim is that the foundations of 
contemporary technology and practice were established by 2000. 
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and curation.  Second, while the initial pattern of innovative development created very substantial 
variety, the similarities in business data processing encouraged a process of technological 
convergence.  Although this is broadly consistent with the observation of the emergence of a 
‘dominant design’ (Abernathy & Utterback, 1978), it will be discussed here in terms of Rosenberg-
type convergence. This is due to its similarities with his account of the development of machine tools 
– a proliferation in variety followed by the invention of general-purpose machinery which led to 
similarities in practice and technology (Rosenberg, 1976). 

Most techno-economic histories of information technology begin later (around 1950) with the 
diffusion of general-purpose digital computers as a replacement for the previous electro-mechanical 
based information processing equipment.  Understandably, techno-economic histories focus on 
inventive novelty.  Even if early digital computers were of dubious value for business in 1950, they 
clearly offered unique computational capabilities.  It is these computational features that became 
the centrepiece of a story in which the increasing power and scale of computers was followed 
through to the specialised machines called super-computers.5 

Equating computation with data processing, however, shifts the focus from routines, practices and 
jobs associated with gathering, storing, displaying and curating data to the people who were 
harnessing the computational power, particularly the programmers who were creating entirely new 
jobs and their product, software.  In the techno-economic account, data is incidental.  It is assumed 
to exist and to await appropriate software for ‘processing’ it into useful information for decision 
making.  Even within this story, there is a distinct hierarchy with programmers who were creating 
new languages and operating systems receiving greater attention than the much more numerous 
individuals using this software to create command and control systems or the communication and 
record keeping systems necessary for the daily life of organisations. 

3. Business Information Processing During the Pre-Computer Era (1900-1950) 

From a socio-technical viewpoint, the attractiveness of a deeper study of the history of business 
information processing is the stability and continuity of practice stemming from the scale and 
necessity of a limited range of routines related to business transactions.6    This continuity in practice 
pre-dates the commercial use of the digital computer which is the principal reason for the extended 
time span examined in this paper.  The centrality of the ‘company database’ (to be defined in terms 
of predominant routines) is proposed here as the nexus or boundary object with which people and 
machines are engaged.  But when did these centralised databases come into existence and what was 
the nature of the data they contained? 

Yates (Yates, 1989, 2000) argues that a business ideology of ‘systematic management’ followed from 
the emergence of the large-scale enterprises in the US in the last decades of the 19th century. 
Systematic management7 entailed practices that were de-personalised and involved a specialised 
division of labour needing coordination and systematisation.  This systematisation of routines and 
practices, in turn, ‘favoured written over oral communication.’   

                                                            
5 An important exception is (Caminer, Aris, Hermon, & Land, 1998) who address a computer specifically 
designed for business data processing.  Of course, there are also technology and business histories about 
computing prior to the general-purpose digital computer, e.g. (Williams, 1985) and (Cortada, 1993). 
6 The nature of transactions does differ across the range of different business types and plays an important 
role in the evolution of enterprise resource planning solutions which sought to integrate more specialised 
‘vertical applications,’ an important instance of the type of technological convergence that (Rosenberg, 1976) 
illustrated in the machine tool industry. 
7 Yates’ reading of this history is similar to that of (Chandler Jr., 1977). 
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(Yates, 2000) observes that 

In the final decades of the nineteenth century and the initial ones of the twentieth systemic 
management encouraged the adoption of a wave of office equipment and bureaucratic 
systems and techniques – including, for example, typewriters, carbon paper, filing systems, 
adding machines and graphic representation --  that supported recording storing and 
retrieving, analysing and communicating the increased amount of information being 
gathered (p. 108) 

She continues with the observation  

In the early twentieth century, a more complicated information processing system – punch-
card tabulating – had emerged and was adopted by businesses such as railroads, financial 
service firms, and manufacturing companies to support large-scale, back-office information 
operations involving multiple information processes, from recording, storing and retrieving, 
and analyzing to printing out for communication. (p. 108) 

Several items from Yates’ characterisation of early 20th century developments are worth 
highlighting.  The ‘information operations’ were large-scale and back-office which meant that they 
were separated from direct interaction with suppliers and customers.  Data was reused in ‘multiple 
information processes’ – not only those she enumerates, but also in the various functions these data 
may facilitate (e.g. payroll, accounts, invoicing, and materials acquisition and finished good 
inventory).  The large-scale nature of these enterprises meant that considerable effort was needed 
to keep track of employees, customers and transactions and to aggregate the myriad of individual 
data items into aggregate accounts and balances.  In short, this was a requirements specification for 
centralisation of the routines of data handling. 

Yates identifies two broad clusters of practice and technology in this early development of written 
communication or codification.8  The first involved clerical routines which were augmented and 
consolidated with several technologies and with the practices associated with their use.  The 
technologies included the growing use of the typewriter, vertical filing systems for paper records, 
and the use of standardised forms for entering information.  The routines involved new occupational 
categories related to the use of these technologies such as filing clerk and office manager. 

The second involved the use of tabulating or punched cards, with business use initially in railroads 
and, soon after, in insurance companies (Casey & . 1955; Heide, 2009; van den Ende & Kemp, 1999).  
The specific value of punch cards was that they could record individual transactions as they 
accumulated throughout a large organisation and could then be used to produce tables that 
aggregated and categorised these transactions.  While traditional accounting could be relied upon to 
summarise the aggregate financial consequences of these transactions, the ability to classify and 
categorise them without adding numerous clerical staff to record and hand sort records permitted 
further analysis which was vitally important to effective operation in large-scale organisations. 

Both clusters of routines and technologies were accompanied by centralisation.  The first because 
company policies were established under central authority and rolled out through the organisation 
with some being concentrated in a location (e.g. the case of many manufacturers) and others over 
geographically dispersed operations (railroads, insurance and banking).  The second trend was 
reinforced by the fact that companies are ultimately accountable as whole while nonetheless having 

                                                            
8 See (Cowan, David, & Foray, 2000) and (Cohendet & Steinmueller, 2000) for discussion of the meaning and 
logic of ‘codification’ as a social science term. 
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an interest in the comparative performance of company units.9  Both objectives required the 
standardisation of information about inputs and outputs to company activities. 

The socio-technical view of these developments is that practices surrounding these developments 
involved the use of physical artefacts of both durable and consumable types and the system or 
regime is comprised of actors and technologies.  In particular, all of the equipment used in the 
‘informatisation’ (the precursor of digitisation) of American business should be included in any 
history of business data.10  Doing so suggests a different perspective than the techno-economic 
perspective which, somewhat teleologically, focusses in this period on IBM and Power/Remington 
Rand, the two companies producing punched card systems.  These companies had revenues in 1930 
of $20.3 million and $1.7 to 2.0 million (a total of no more than $22.3) compared to total office 
appliance industry revenues of $165.3 million.  The equipment that is part of the larger figure was 
led by typewriters and electromechanical calculators but also included the bookkeeping machines 
discussed below, addressing machines, mimeograph machines and many other types of equipment.  
As (Parsons, 1918) (p.161) explains: ‘The complexities of the modern business operation were 
unknown a generation ago, and as expansion came details multiplied until it is impossible to 
conceive of doing by hand the work that is now accomplished by automatic machines electrically 
operated; and the fact that machine work adds accuracy, simplicity, uniformity, neatness and speed 
has made the office less dependent upon the unreliable hand.’  From a business data perspective, all 
of this equipment and the regime actors producing it are relevant. 

In Parsons discussion of relevant machinery, the typewriter figures centrally along with adding 
machines, the ‘Hollerith machine’ (punch card systems) and what he calls ‘billing machines’ also 
known as bookkeeping machines.11  The last of these was a ‘combination typewriter and adding 
machine; it combines the writing features of the typewriter for billing and similar work with the 
additional adding and subtracting devices which hare necessary in connections with the making out 
of invoices; and all the work is done on sheets without their removal from the machine.’ (p. 189) 
Figure 1 illustrates two of the bookkeeping machines devised to support printed record keeping.  
Neither had the capacity to produce inputs for electromechanical reading but both could be 
deployed in smaller organisations that were unable to justify the costs of the suite of equipment 
required for punch card operations (a minimum of a punch, sorter, and tabulator.)  These machines 
were primarily used by clerical personnel, some of whom would describe their occupations as clerk 
while others, particularly in smaller businesses, would call themselves bookkeepers.   

As Wooton and Kemmerer (Wootton & Kemmerer, 2007: 118) explain, this form of mechanisation 
was particularly useful in promoting a division of labour and in the increasing gender differentiation 
of clerical positions.  By 1930, these developments had produced the female-dominated occupations 
of bookkeepers and cashiers and the male-dominated occupations of accountants and auditors.  In 
the 1930 census, 91% of employees who were occupationally classified as accountants or auditors 
were male, while 63% of those classified bookkeepers and cashiers were female.  In the 1930 census 
‘office appliance operators’ appears for the first time as an occupational category with 38,000 
employees, 86% of whom were female. Throughout the period and in every census up to the 

                                                            
9 (Norberg, 1990), p. 257 notes that financial reporting was accelerated by foreign direct investment in the US 
and the related need on the part of distant investors for reliable information on the companies in which they 
were investing.  
10 The greatest detail is provided by (Cortada, 1993) with mentions in (de Wit, vand den Ende, Schot, & van 
Oost, 2002) and the accounting history literature. 
11 A contemporary source refers to some of these as bookkeeping machines (Anonymous, 1918), a term that 
became more common as the accounting data system evolved.   
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present, stenographers and secretaries (later secretaries and administrative assistants) was a female 
dominated employment category -- in 1890, 23% were male while by 1980, the low point, 1.7% were 
male.12 

 

Figure 1:  Early Bookkeeping Machines 

  

Sources: (l) Remington Adding and Subtracting Typewriter (c. 1913) 
https://americanhistory.si.edu/collections/search/object/nmah_904253 

 (r) Burroughs Moon-Hopkins Style 7205 Bookkeeping Machine on Stand (1923) 
https://americanhistory.si.edu/collections/search/object/nmah_690819 

 

The creation of greater quantities of business data had a marked influence on the level as well as the 
feminisation of the office work force.  Table 1 shows the growth of employees in two office 
occupational groups – a) bookkeepers, accountants and cashiers and b) other clerks -- from 1890 
through 1930.  During this period, the US economy grew in real terms 3.48 times.  This is reflected in 
the growth of clerks who would have been expected, on the basis of this growth, to number 1.94 
million.  The actual number of 1.96 million is only slightly more than would be expected.  However, 
the first group a), involved more directly with the recording and reporting of transactions, increases 
much more rapidly.  Keeping pace with economic growth would imply 555,000 employees of this 
type in 1930, only 60% of the actual 930,000 shown in Table 1.  The more rapid growth occurred 
despite the development of punch card and other mechanical aids such as bookkeeping machines, 
without which there would have been even more rapid growth in these occupations.  

  

                                                            
12 Beginning in 1990, the occupation of administrative assistant is included while word processors and typists 
are separately enumerated from the earlier category of stenographers, typists and secretaries. 

https://americanhistory.si.edu/collections/search/object/nmah_904253
https://americanhistory.si.edu/collections/search/object/nmah_690819
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Table 1 Decennial Census Occupations of Employed Persons 

 

Bookkeepers, 
Accountants 

(including auditors) 
and Cashiers 

Decade 
Growth 

Clerks 
(except in 

stores) 

Decade 
Growth 

1890 159,374   557,358  
1900 254,880  59.9% 632,099 13.4% 
1910 486,640  90.9% 720,498 14.0% 
1920 734,688  51.0% 1,487,905 106.5% 
1930 930,648  26.7% 1,958,902 31.7% 

Source: US Bureau of the Census 

 

Companies faced with the growing volume of records resulting from systematised record-keeping 
drew upon a growing array of handbooks, periodicals and manuals devoted to office management 
and filing (e.g. (Wigent, Housel, & Gilman, 1916) (Parsons, 1918)).  For example, the periodical Filing: 
A Magazine on Indexing and Filing published between 1918 and 1921 addressed topics implied by its 
title including the apparatus used and personnel issues associated with the emerging role of ‘file 
clerk.’  For apparatus, the magazine traced and commented upon the progression from box files to 
horizontal binding schemes and finally to the vertical filing system with four vertical drawers which 
emerged as a standard.  Throughout the period, stationary printing companies offered a variety of 
forms, many of them designed to be compatible with bookkeeping machines and other printing 
devices as well as the file storage systems that were developing between 1910 and 1930.  Many of 
the organisational practices adopted in using this equipment and the accompanying paper forms 
were derived from practice in libraries, including card files, cross reference notices, and practices of 
signing out and returning files within defined time limits. 

A common theme in Filing and the texts on office management of the era was the desirability of 
professionally managed central files in which interactions of the business with suppliers and 
customers could be consolidated to avoid conflict and improve customer service.  The organisational 
politics of constructing central files were commonly recognised.  (Hudders, 1920) explains this issue 
in the context of company growth and moving from a proprietor-centric business to some form of 
departmental organisation. The data collected by individual departments created as many different 
filing systems as there were departments with the consequence ‘when a paper is wanted it usually 
means a canvass of one department after another until it is located (Hudders, 1920), p. 115.  
Hudders proceeds to extoll the virtues of a centralised filing department staffed by filing specialists 
and the importance of the physical design of such a facility.  However, he recognises the practical 
difficulties of establishing the routines for central files: ‘The establishment of a central filing 
department does not necessarily mean that all the papers coming into this department must be 
merged in one general file’ (p. 116).  After allowing a similar exception, MacDonald’s third edition of 
his work on office management adds, ‘…in many cases papers which a young or egotistical junior 
executive may like to regard as highly important and confidential are, as a matter of fact, part of the 
routine business of the company and, consequently, belong in the general files rather than in his 
private office files.’ (p. 119) 

The idea that the central file manager should be someone with a distinct skill set is also part of the 
contemporary practitioner discussion.  Writing in the magazine, Filing, the head of filing for The 
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Texas Company (today Texaco), Mrs. A. L. Robinson, expresses this view with a specific gender 
preference, ‘Graduates of women’s colleges of late do not all take to teaching, and I know no place 
in the business world where a college training is of more use than in organizing and running a file.’ 
(Robinson, 1918), p. 49.  She goes on to explain her preference for selecting women for this 
responsibility, ‘Personally I believe the girl with a well-developed instinct for a story has the best 
chance of becoming a success as a filer.  To her even the most prosaic letter makes a link in a story.  
Each file, like a good story has its descriptive or dramatic beginning, wanders on for a space and 
reaches a climax, sometimes unfortunately an anti-climax, ends happily or sadly and often is in three 
volumes and has a sequel.  These stories, and the interest they excite help very greatly in work that 
otherwise tends to monotony.’ p. 49  

In the first three decades of the 20th century a distinctive set of practices was developed for the 
collection, curation and maintenance of business data.  These practices relied upon and increasingly 
generated innovations in apparatus and procedure, many of which were directed at centralising the 
holding of data beyond the necessity of centralisation of accounting data to provide a complete set 
of financial records for the company.  The ‘office’ became a distinctive workplace in the business 
enterprise in which an increasingly feminised workforce produced and maintained the 
correspondence of the company with suppliers and customers, the records of transactions, and 
codified manuals of procedure.  Office management reflected the growth of business enterprises, 
but even more, an ideology of organisation and systematic practice which reflected and propelled 
the use of data for making business decisions as well as capturing and recording the flux of 
transactions.  Thus, not only the company’s financial records but its central files as well as the 
human organisation of the office embodied the need for and use of data.  The use of equipment and 
other artefacts in the office was driven by a need to restrain the growth of the new group of office 
workers which did not themselves sell or make company products but produced a volume and 
variety of data that previously had been incidental to the proprietor-led businesses of the earlier 
century and was largely dispersed in the operations of larger organisations such as railroads. 

The collection of practices and technologies that had developed during the first three decades of the 
20th century persisted and expanded over the following two decades (1930-1950).  During these 
decades, the New Deal policies greatly expanded the requirements for companies to report to the 
government on their activities.  Central in these developments was the growth of securities 
regulation with the formation of an independent agency of the US government, the Securities and 
Exchange Commission in 1934 which, which along with the Institute of Public Accountants, a private 
non-profit association of certified public accountants, established standards for financial accounting 
for companies selling equity to investors.  These standards included audit-certified financial 
statements, much more detailed records on individual employees and reports from multiple sites of 
operation of larger companies.  An additional example is the excess profits tax enacted during World 
II which was significantly more complex than a similar tax enacted during World I (Shoup, 1940) and 
the requirement for companies to engage in war production to perform cost accounting in a more 
precise way than would have been necessary during peacetime.   
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4. The First Wave of Digitisation: 1950-1970 

During the first wave of digitisation, digital computers gradually were introduced in the practices of 
larger companies.  The history of the take up of digital computers is, as noted earlier, the central 
feature in techno-economic studies of information technology in works such as (Cortada, 2004, 
2006, 2008).  The socio-technical approach to this experience asks different questions.  What were 
the effects of efforts to utilise digital computers on the people and practices that had evolved over 
the first half of the 20th century?  In what ways did the use of the digital computer contest or 
reinforce these practices and the organisational routines in which these practices were embedded?  
Did the digital computer change the fundamental rules by which enterprises were managing their 
data resources? 

Those companies that had been large enough to adopt punched card record systems were able to 
benefit earlier from the availability of digital computers because the routines that had been 
established for collecting data, producing punched cards, and using these cards as inputs for further 
analysis were directly transferable to digital computer use.  In these companies, existing routines of 
the central office management of data resources were reinforced and amplified.  Smaller companies 
began to face a choice for some of their data processing routines between inhouse clerical teams 
and outsourcing to service bureaus.  (Bergwek, 1963), for example, notes that service bureau data 
processing was generally cheaper than inhouse production of trial balances among other 
advantages.  In a detailed outline of the issues to be considered in adapting small company 
procedures for data processing and selecting an appropriate service bureau (Crovatto, 1960) 
observes the transformation that became possible in data entry: 

Until recently, the application of punched card data processing equipment methods to the 
accounting and reporting requirements of small business units was extremely limited.  
However, the introduction of the punched tape adding machine has brought the use of this 
expensive equipment within the realm of feasibility for even the smallest of business 
enterprises.  (p.57) 

Crovatto continues with the observation that the primary application of this new equipment was to 
prepare data for report preparation which would then use service bureaus, including nationally 
known bureaus and ones that were being established locally throughout the country.  The term 
‘service bureau’ itself was particular to the time and actors – these companies and activities 
gradually came to be known as data processing or information service companies.  IBM and other 
large computer companies operated service bureaus and they were instrumental in helping 
companies to start outsourcing their data processing, often beginning with payroll preparation and 
then extending to more general accounting practice. 

Regardless of whether the company was large enough to perform the full cycle of data processing 
internally or relied upon a service bureau, the preparation of data for processing in the form of 
reports, pay checks, or accounting statements remained a function of the central office of the 
company and it reinforced the position of this office in the enterprise.  Data processing did not 
eliminate the need to capture individual transactions and to enter these in local records.  This 
continued to be done through the preparation of punched cards (now extended to medium sized 
companies), machine-readable forms, or paper forms that would be sent to the service bureau for 
punched card entry. 

Those companies that did establish their own computer installations were confronted with a series 
of managerial challenges to make the best use of the equipment.  The most important of these was 
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the need to arrange work processes so that the computer could be operated at as near capacity as 
possible.  Doing so not only economised on the large capital cost of the installation, it also prevented 
bottlenecks in which a single task, e.g. payroll preparation, that might take hours to perform did not 
displace other jobs with similar or greater priority for the health of the business.  The time occupied 
was rarely due to the computational speed of the computer but, rather, the limits of the input and 
output technologies employed.  Whether fed paper tape or punched cards, the processing of a large 
volume of transaction records required substantial time.  Throughout the 1950s and well into the 
1960s, the mainframe computer’s internal memory was severely limited by the high cost of ferrite 
core memory whose manufacture was labour intensive (Pugh, 1984).  This meant that the main data 
storage for the computer was magnetic tape.  Because magnetic tape is a serial storage medium, the 
typical business operation of combining data required either extensive human pre-processing of the 
data (to align it sequentially) or the combination of the data under machine control.  Without pre-
processing, data would be stored in separate places on the tape requiring the frequent winding of 
the tape backwards and forwards until all the data that was to be processed at once could be 
gathered.  If the (small) memory store of the computer was insufficient to complete the task, a 
temporary result was written to the tape and further tape movement was required.   

From a socio-technical viewpoint, these technical bottlenecks served to create a politics of company 
data centres.  Ordinarily, the company’s financial accounts would have priority while all other tasks 
would need to be fitted in around the time required for financial data processing.  In addition, it 
could now be perceived that the company’s data offered many new opportunities for analysis and 
routine formation (e.g. timely inventory management, more detailed sales figures, as well as new 
ways to manage suppliers and dealers or salespeople).  In the pre-computer era, the clerical time 
and cost of extending a company’s data processing routines was a significant barrier to inventing 
new practice and routines.  The company computer seemed to offer the promise that these 
managerial innovations were within reach (the data was obviously available).  A new bottleneck 
became programmer time to implement these routines and access to computer resources which 
were dominated by financial transaction data processing.  Computer programming skills were, for 
much of this period, limited.  Even more important, however, was the problem of computer access, 
the need to fit into the schedule determined by the company’s highest priority applications.  Since 
computer programming invariably involves some degree of trial and error given human limitations to 
specify algorithms without ambiguity or error, even more access time was required to trial and 
perfect new applications.   

One of the best-known authors with long experience at the highest level of data processing is Paul 
Strassmann.  He is a particularly acerbic critic of enthusiasms concerning the advantages of 
computerisation in a business context.  In his account (Strassmann, 1997) of developments in data 
processing, he employs a similar, but slightly different, periodisation to that proposed here: the 
period 1930-1957 is dubbed ‘the machine accounting era’ and associated, as here, with the increase 
in financial controls that he links with government taxation policy.  He then suggests that the period 
1957-1963 involved a mechanisation cycle in which investment in information technology 
outstripped all expectations.  Strassman attributes this rapid investment growth to the power that 
financial executives were able to exercise by ‘control over mechanization of financial records’ (p. 
219) combined with the fact that these executives were the primary decision makers in making 
these investments.  Strassmann identifies the period 1963-1969 with the emergence of the data 
centre as a distinct organisation within the central offices of companies.  During this period, rapid 
increases in investment continued, though at levels still small relative to the larger category of 
business investment in which they were embedded.  He notes that the new cadre of information 
managers aimed at ever expanding financial control by ‘means of a disciplined approach to 
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standardized data and through the impositions of homogenised procedures for handling most 
routine paperwork’ (p. 220).  In other words, the new cadre of workers reproduced the role of office 
manager in managing company data in 1950 or 1930, albeit with different artefacts and an 
expanding array of routines. 

The first wave of digitisation was accompanied by the re-structuring of jobs related to data 
collection, curation and reporting.  As mentioned in the previous section, much of the earlier period 
involved an increase in clerical labour (Table 1).  In that mechanisation phase, a new category of 
clerical worker, the office machine operator, is separately enumerated in the decennial US census 
beginning in 1930 (see Table 2).  By 1950, 142,000 people report this as their occupation in that 
year’s census.  From 1950 onwards, some of those office machine operators are using digital 
technologies.  However, it is not until 1970 that the categories of computer operator and data entry 
operator are separately enumerated.  The sharp decline in office machine operators from 1960 to 
the 1970 peak and some part of the increase from 1950 to 1960 are no doubt explained by these 
digital equipment operators coming into the labour force.  In other words, during the first wave of 
digitisation, it seems likely that a significant share of the doubling of numbers in the office machine 
operator occupation from 1950 to 1960 was a consequence of digitisation and that the 
deconstruction of this occupation began after 1970 as the result of developments discussed in the 
next section.  It is remarkable, however, that the ‘data entry keyer’ occupation begins in 1970 at the 
relatively low level of 18,600 and then expands to 378,000 in 1980.  It seems dubious that during the 
decade, 360,000 individuals entered this occupation. Instead it is more likely that a combination of 
reluctance to claim this occupation combined with census taker inexperience with the occupation 
led to a significant misclassification of individuals into the office machinery operator occupation.  
The subsequent collapse of both computer operator and data entry keyer occupations is discussed in 
the next section. 

 

Figure 2.  Occupational Change in the Mechanised Office 
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Source: US Bureau of the Census 

Table 2 Occupational Change in the Mechanised Office 

 

(a) Office 
Machine 
Operators 

(b) Data 
Entry 
Keyers 

(c) Computer 
Equipment 
Operator (b) + (c)  

1930 38,098     
1940 59,738     
1950 142,066     
1960 307,828     
1970 164,739  18,611 165,111 183,722 
1980 110,338  378,094 408,475 786,569 
1990 81,220  639,265 667,213 1,306,478 
2000 64,890  637,400 268,985 906,385 
2010 28,142  249,215 102,069 351,284 

     Source: US Bureau of the Census 

 

The first wave of digitisation concludes with relative stability in the central office control of company 
data resources in both large and small companies.  What had changed during this period were the 
routines by which data was recorded and analysed.  In large companies this involved using computer 
tabulation of punched cards rather than electro-mechanical card sorters and tabulators.  In smaller 
companies, data entry began to be digitised while at least some the processing (usually beginning 
with payrolls) of this data was outsourced to service bureaus.   

Underneath this new configuration of the office there were, however, sources of the turbulence that 
were to follow.  First, during the first wave of digitisation what is conspicuously absent in the light of 
later developments is the development of data communications.  Wherever data was collected, it 
needed to be brought together in the central offices which were responsible for the accountability of 
the organisation.  Doing this required an elaborate set of routines to prevent loss of data and to 
assure the timely collection and distribution of data.  There were clearly trade-offs between the 
number of transmissions of data (each of which needed to be logged as sent and received) and the 
timeliness of data (fewer transmissions made with longer intervals between transmissions).  
Moreover, the means for recording data that were ideal for electromechanical data processing, the 
punched card, were not those that facilitated data shipment.  Early efforts to address this included a 
remote job entry capability introduced in IBM’s 360 mainframe which became available in 1965.13 

A second source of turbulence was rising demand for application programmes to make use of the 
company data.  Although control of company computing and data resources was centralised, 
individual departments within companies (e.g. production, marketing and sales, and shipping) 
desired reports that could improve their operations and, in some cases, were critical to their health.  
In order to make use of this data, much of which they collected and forwarded to the central office, 

                                                            
13 Because of the challenges in producing the software operating system for the 360 recounted in (Brooks, 
1982), the initial machines offered were larger and more expensive than those that subsequently became 
available and were thus targeted at the largest organisations.  The barrier to the initial introduction of less 
expensive 360 systems was electronic storage or core memory. 
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they needed to win the attention of the data processing cadres whose first priorities were in the 
production of the company’s financial reports.   

A third, and somewhat more surprising source of turbulence, was the emerging possibility of 
digitising other central office functions that were complementary or ancillary to financial recording.  
These other functions included the production of innumerable communications with suppliers and 
customers as well as internal communications.  The most notable earlier office mechanisation effort 
had produced and embedded the typewriter as a central tool for both clerical personnel and the 
amorphous group labelled ‘secretaries,’ which, from the early part of the 20th century, was a female-
dominated occupation.  In 1930, secretarial roles were divided between clerical workers (1.80 
million, 63% male)14 and stenographers and typist (811,000, 96% female).  In the 1940 census, the 
ranks of clerical works had fallen slightly while remaining predominantly male (1.77 million, 64% 
male) and the occupation of stenographers and typist had become secretaries, stenographers and 
typist and this new category contained 1.06 million workers, 93.5% were female.  This was to be 
lowest proportion of women in this occupational category for the remainder of the century.  At the 
end of the first digitisation wave in 1970, a roughly comparable number of clerks from the more 
detailed occupations classification contains 2 million workers (68% female) while the ranks of 
secretaries, stenographers and typists had grown to 3.9 million (97% female).15  Almost 6 million 
office workers 7.4% of the employed labour force were entirely reliant on the mechanical age 
equipment of typewriters, dictation machines, and their office machine operating colleagues.16 

These three sources of turbulence were to produce many new niches challenging the hegemony of 
the central office and its mainframe computer during the next wave of digitisation. 

5.  The Second Wave of Digitisation: 1970-1995 

The second wave of digitisation is a period in which the regime of central office computing is 
challenged and then overcome by a series of developments.  (Strassmann, 1997: 221) claims that 
many of these developments occurred because the main regime actors, the central office data 
processing professionals and IBM, resisted, rather than adapted, to new technological opportunities.  
There is considerable merit in this interpretation.  However, it conflates executive power with 
agency, omitting the possible intervention or mediation of practice.  An alternative to the 
organisational political power explanation is that the first wave of digitisation had created a stable 
configuration which the actors believed could be sustained by following a path of technical 
development.  The failure to follow this path is the crux of the transition that occurred in business 
data as a socio-technical system.  The path of technological development involved ‘interactive 
computing,’ a means of preserving the centrality of organisational data and control procedures while 
giving an increasing array of actors the capability of contributing to and accessing this data for their 
own purposes. 

                                                            
14 The category referred to is ‘other clerks’ excluding office appliance operators, shipping clerks and weighers 
which, along with ‘other clerks’ comprise the total of all clerks (except those in stores). 
15 The total represents the following occupations: File Clerks, Records Clerks, Payroll and Timekeeping Clerks, 
Billing Clerks, Cost and Rate Clerks, Postal Clerks (except mail carriers), General Office Clerks and Statistical 
Clerks.  Excluded are Material Recording, Scheduling and Distributing Clerks (1.4 million, 79% male) because 
most of these would not be located in the central office and Bookkeepers, Accounting and Auditing Clerks (1.6 
million, 86% female) because of the focus here on clerical rather than accounting functions. 

16 Here too, gender is important in that the share of total employed men represented by office work was 1.6% 
while 17.8% of all employed women were in these clerical occupations. 
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In terms of technology, a principal instrument for achieving interactive computing was the display 
terminal.  Display terminals were cathode ray tube displays coupled with a keyboard and a modest 
local processing capability.  What was displayed on these terminals could be locked in by software so 
that the operator could only enter data, thus reconfiguring the routines of data collection.  They 
could also be programmed to display reports in standardised formats so that the operator was 
provided with outputs in a consistent fashion.  The same display terminals could also be ‘unlocked’ 
to provide a direct interface for the entry and display of computer code. Commenting on IBM’s data 
terminal offerings in the first half of the 1970s, (Salzman, 1975: 47) notes that IBM’s mainframe 
software features ‘suggest that IBM will attempt to tie terminals closely into networks involving IBM 
host processors.  This would be accomplished by having the hosts produce software that requires 
IBM microcomputers in the terminals to execute that software correctly.’  At the same time, 
however, independent terminal makers were developing terminal control products compatible with 
‘a variety of terminal types and local peripheral equipment, but also perform applications-oriented 
functions in a quasi-standalone capacity’ (Salzman, 1975: 47).  This was not a minor development.  
At the beginning of 1976, the industry journal Datamation listed 96 general purpose display 
terminals from 59 manufacturers and noted several other more specialised terminals for mobile and 
handheld applications (Granholm, 1976).  These developments also occurred in the context the 1973 
Telex antitrust decision in which IBM was found to have monopolised markets by attempting to 
control the interface between its products and ‘plug compatible’ peripheral equipment.  This 
decision was pivotal in the contest between different visions of the future of interactive computing.  
Had IBM prevailed, the strategy suggested by Salzman would have been much more viable. IBM 
would have had business incentives to develop interactive computing through its control of not only 
the mainframe computer, but also the peripheral equipment attached to it, including display 
terminals. 

The two foundations for preserving centralisation were achieved by realising the ‘interactive 
computing’ vision – dispersed data collection and user access to data and computational resources.  
The first of these proved to be a challenge that could be met, the second proved more difficult.  
Dispersed data collection was a need that arose from the growing volume of data needing collection 
and the fact that data was being generated at an increasing number of sites.  Central office data 
collection and entry were bottlenecks that could only be overcome by dispersing data collection and 
devising means to efficiently transfer this data to the centre where it could be aggregated and 
analysed.  Numerous technical developments were occurring in the 1970s to bring an end to the 
reliance on the punched card as the principal means for making data ‘machine ready’ and to 
facilitate the transmission and aggregation of data.  Many of these involved entering data onto 
magnetic tape which could then be sent physically or transmitted over telephone lines using 
specialised equipment to the central data processing department.  Numerous advantages for these 
alternative data entry means were promoted (Heiker, 1976) including cost reduction, error 
reduction, and reading speed.  Although primarily a means of strengthening established central data 
curation and reporting, the same technique of data capture on tape and data communication could 
also be used to distribute reports for local printing on the growing array of printers that were 
becoming available.17  During this period, data collection was also facilitated by the development of 
bar code scanning technologies, bypassing the enumeration of shipping, receiving and inventory 
(Yasaki, 1975a).  Although these developments created new routines requiring substantial efforts in 
implementation, this was a challenge that could be met by the central data processing staff. 

                                                            
17 A key development, the laser printer, did not enter into broad commercialisation until 1984. 
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The more difficult challenge was to reconfigure the central computer to realise the interactive 
computing vision.  Initial efforts in this direction involved ‘time sharing’ – a broad term for the 
objective of allowing users at many display terminals to simultaneously access data and 
computational resources.  There were many varieties of technical configuration that could, in 
principle, be employed to achieve this objective.  Two basic families of techniques are notable.  The 
first involved partitioning the memory of the mainframe into separate spaces, each of which would 
support a terminal session.  This was facilitated by the dramatically falling cost of mainframe 
memory which was benefitting from the semiconductor replacement for ferrite core memory.  
Nonetheless, this technique involved substantial idleness in mainframe computer capacity, contrary 
to the established principle of maintaining high throughput and capacity utilisation.  The other family 
of techniques involved devolving control of user display terminal systems to satellite computers, 
typically minicomputers, that would manage user interaction and only call upon the mainframe for 
extensive computational or data resource tasks.  The latter of these techniques was more successful 
but raised further questions about whether the mainframe’s resources were, in fact, necessary 
since, in principle, minicomputers could perform much, if not all, of the computation required and, 
increasingly, were capable of directly accessing data resources.  Some of the companies that had 
very large investments in computer systems did begin to offer timesharing services as an ancillary 
product but the revenues from these activities were small relative to their overall operations and so 
the applications and user environment that was created in these services did not attract a large 
number of users.  In short, time-sharing failed to deliver the vision of interactive computing and this 
failure, combined with other developments, created much greater momentum for the alternative 
vision of interactive computing achieved through the distribution (rather than centralisation) of 
computational and data resources. 

As this turbulence in data entry through display terminals and ‘card-less’ entry methods was 
navigated and efforts were made to implement timesharing by the central data processing staff, a 
second challenge was becoming more apparent.  The routines that were central to financial 
recordkeeping and reporting were not unrelated to other facets of the business and department 
managers could imagine new applications that would make it possible to monitor and improve their 
operations.  To implement these routines, however, it was necessary to enter the queue for 
application program development for the mainframe computer.  Aside from using the financial 
records directly, there were also obviously many other applications for which data processing would 
be of value such as inventory control, manufacturing operations control and marketing and sales, 
each with data requirements complementary with, but distinct from, the company’s financial 
recordkeeping.  For the case of manufacturing industry applications, the situation in 1978 was 
described by (Withington, 1978: 91): 

The manufacturing industry, for one has for many years been the largest single consumer of 
computers, but most of its dollars have gone into support applications (such as inventory 
control, order entry, finance) rather than into applications directly involving the 
manufacturing process.  Recently, however, control applications have been growing sharply 
with online microprocessors and minicomputers proliferating in manufacturing plants of all 
kinds.  At the same time the use of interactive graphics in engineering design has been 
increasing and the support applications have been evolving in the direction of data bases 
and networks. 

While many of these developments did not directly threaten the ‘support’ functions offered by 
central data processing, they were also clearly not applications that were compatible with the batch 
processing of the mainframe nor, in the case of interactive graphics, with a capability that could be 
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delivered from the central computer.  Withington’s note that support applications had been evolving 
in the direction of databases and networks, on the other hand, was a clear challenge to the control 
of central data processing.  In manufacturing, a separate socio-technical system involving 
engineering and materiality was developing capabilities that paralleled those of the central office.  
To the extent that the central data processing department was not able to meet the ‘support’ 
demands of this separate system, there was a growing question as to whether it should have 
exclusive control of the central data curation and reporting functions of the organisation. 

In a provocative article late in 1976 (Wagner, 1976) argued that installation of computers for 
workgroups of ‘30 or less’ was a sound business decision.  He reached this conclusion by noting 
historical declines in sub-system costs (fast access main storage, processing and internal memory) 
which had fallen from their 1960 levels by 95%.  He did, however, admit that a bottleneck to 
decentralisation was communication costs which were falling much more slowly.  For a company 
department manager reading these headlines, the prospect of being able to install their own data 
processing capacity must have been welcome news.  However, it left open the question of what the 
costs of developing software would be for these decentralised systems.  Here, Wagner, admits that 
it was mixed picture with substantial improvement in programmer productivity but persistence of 
the advantage of larger systems in terms of the tools available for creating software and the variety 
of available application software.  The decentralised developments that Wagner suggests were to be 
embodied toward the end of the 1970s in the very substantial niche represented by minicomputers, 
many of which were acquired and deployed to address the growing dissatisfaction with the 
application program development agenda. 

The third source of turbulence arose from the clerical staff of the company, both those located in 
central offices and those working at dispersed locations.  As noted in the previous section, these 
individuals had been largely bypassed by the first wave of digitisation.  Aside from the established 
routines related to financial reporting, the everyday communication, policy, and human resource 
management of the company were undertaken with the incremental improvement of typewriters 
and the somewhat more substantive improvement in copying machines and more specialised office 
equipment.  In this context, there was discussion of the ‘automated office’ (Yasaki, 1975b) or, more 
prosaically, ‘office information systems’ (Burns, 1977).  The former term was associated with a vision 
of a high degree of integration among the various routines conducted in the office. The most 
optimistic proponents were foreseeing the ‘paperless’ office18, one in which records of all types 
would be available on display terminals and in which incoming paper correspondence would be 
microfilmed or imaged to create an automated central file.  Office information systems, on the other 
hand, referred to a somewhat more limited degree of integration in which the growing use of 
standalone and networked word processing stations would be used, not only to prepare routine 
correspondence, but also as data entry devices. Both visions of the future recognised that advances 
ultimately would impinge upon the company’s data processing operations.  Burns describes this in 
the following way: 

As word processing and microform systems evolve, it is likely that the existing dp [data 
processing] facilities will be called upon to assist in the management of large files’ contracts, 
memoranda, reports, documentation, correspondence and perhaps reference data 
frequently used.  (Burns, 1977:63) 

                                                            
18 A description of one prototype at Citibank of a paperless office was seen to have delivered benefits but to 
have ‘left more questions than answers’ (White, 1977: 83) 
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Thus, not only was the central data processing staff facing new demands for applications from 
departments, their co-workers in administration were about to call upon them for assistance in 
managing the central files of the organisation which were on the verge of being digitised.  The scale 
of these developments is indicated by (Wohl, 1977: 65): ‘by 1977 several hundred thousand units of 
magnetic tape/keyboard or word processing systems are installed in offices of all sizes, world-wide.’ 

By end of the 1970s, the force of these combined developments was destabilising the central data 
processing functions of companies.  It was now apparent that some new configuration had the 
potential to emerge but there were deep concerns about the implications for the business data 
system that had so far weathered the turbulence.  Many leaders and observers in the data 
processing industry saw a future for distributed computing but held reservations about what this 
would imply for the company’s data management routines.  For example, writing in a retrospective 
on twenty years of data processing in 1977, Datamation’s ‘oldest and most venerated’ editorial 
advisor observed: 

Distributed systems have a certain appeal since they’ll relieve the political pressure on the 
central site and put the responsibility and the authority back in the user’s hands.  However, 
without a strong dose of data administration (and some systems features to render all this 
possible), distributed data is likely to go the way of its predecessors (Patrick, 1977: 65) 

In the same issue, observing that localised computing was fast approaching, (Gruenberger, 1977) 
observes: 

There are drawbacks to this scenario.  The squirrel factor will be high (just who owns 
company-produced data?); the opportunities for bad or even worthless computing; an 
efficiency level that will almost certainly be low; opposition to the point of internecine war 
from the centralized high priests – but it’s coming, and fast. 

The personal computer entered this chaotic system after a period of hobbyist and enthusiast 
development with the introduction of the IBM personal computer in 1981.  As expected, they were 
initially resisted and often were acquired and operated without the approval of the central data 
processing department.  There was, however, one more cycle of adaptation during this period from 
1988 to 1995, the client server computer.  This configuration of localised computing allowed 
coupling display terminals with the ‘shared logic’ of mini or microcomputer that could be managed 
and controlled by some shared authority between central data processing and local departments.  
Central data processing would attend to data integrity, back up, and the provision of useful 
applications including adaptation of applications made by vendors in the emerging packaged 
software industry.  The departmental users who had previously been petitioning the central data 
processing department for new applications and routines, were able to define their specific needs 
and configure the system so that expensive peripherals like printers and mass storage (tape drives or 
large hard disks) did not have to be duplicated for every desktop.  The irony of the client server 
model was that it provided the definitive proof of the potential for data communications and local 
experimentation in the development of applications, particularly for analysis of current business 
operations.  It also served to address the third source of turmoil by making possible widespread 
development of office information systems so that clerical personnel had access to word processing, 
e-mail, and a range of applications employable for their tasks. 

The second wave of digitisation thus ended with the demise of centralised control of business data 
within companies.  What had occupied the entirety of the 20th century - the construction of a stable 
socio-technical system with distinct routines, specialised personnel, and a characteristic 
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arrangement of authority located in the central office - had been overcome by a configuration of 
display terminals which evolved into the Internet browser, distributed servers which were to 
become ‘the cloud’ and a continuation of dispersed data entry which is now being labelled as the 
Internet of Things.  Many of the people that were central to this system became redundant with 
massive losses in the occupations of data entry keyers and computer operators beginning at the end 
of the century and continuing to the present (see Figure 2).   This new configuration did not 
eliminate the need for processes and routines to assure company accountability and the reliability of 
data, but it did transform the means by which this is achieved beyond all recognition. 

6. Implications for Transitions 

Reconstructing the history of information technology use through the socio-technical perspective 
indicates several implications for the massive transition required to meet the existential crises 
identified at the beginning of this paper.   

It is necessary to consider what sustains continuity in the routines of organisations, not only with 
respect to technologies, but also with respect to the division of labour and of power and control.  
The continuity that prevailed in the business data system from its instantiation at the beginning of 
the century until the last part of the second wave of digitisation is remarkable.  It provides an 
instance of the general principle that stable socio-technical configurations will adapt to and 
transform technologies rather than their routines and practices, particularly when addressing the 
latter would result in the loss of control of those routines to untested alternatives.  Nonetheless, this 
process of adaptation may legitimise alternative technologies and practices that would otherwise be 
excluded.  This suggests that an important feature in the emergence of transformative potential is 
the locus of adaptation to challenges as well as the sources and evolution of those challenges over 
time.  It is possible to imagine a world with personal computers and the internet in which the 
business data socio-technical system persists with relatively few changes.  For example, data entry 
keyers might have been transformed into data ‘verifiers’ and editors and the centralised database 
might have continued as the centre of company attention. 

Rapid technological change itself will not be transformative unless it enlists and engages groups that 
have been excluded from previous developments.  The massive growth in the ranks of clerical 
personnel, many with higher education degrees, constituted such an excluded group in the case of 
business data processing.  These individuals could perceive that they were doing ‘information work’ 
but were excluded from information technology because of the dominance of central data 
processing tasks in the allocation of computing resources, including development of applications.  
Here, it is important to notice that control is challenged directly by variety.  The diversity of 
applications that could be imagined in localised organisational contexts within the company was an 
important source of tension (or distraction) for the central data processing department.  A different 
sort of organisational discipline in which ad hoc and informal software development was viewed as 
antithetical to efficient business operation might have created a norm that contained the discontent.  
However, the confluence and convergence of data communication, computing, and general purpose 
and user-accessible display terminals (including the personal computer) provided ‘outsiders’ with 
agency over routines and technologies there were central to their working lives. This led to rapid 
destabilisation of both the power of central data processing departments and the organisational 
norms that had previously supported their control. 

Although visionaries of the future of decentralised computing can be identified long before its 
advent, the actual process of transition occurred rapidly when all the pieces were in place in the 
latter half of the second digitisation wave (1985-1995).  Many of these pieces relied upon fortuitous 
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developments that were directed at meeting bottlenecks and other limitations of the existing system 
of computing.  For example, the need for increased computer memory gave rise to the application of 
semiconductors to mass storage, a development that ultimately was critical in making distributed 
computing possible.  This makes the systematic prediction of the advent of transformative change 
difficult.  What can be observed is the birth and development of alternative technologies and 
practices that have the potential to cohere into a broader and deeper process of change. 

It is, however, possible to gain insight by considering the alternative visions.  These alternative 
visions are important in motivating the actors trying to bring them into being.  In the early days of 
personal computing when data processing professionals were grumbling about the problems of 
maintaining accountability in company records and the massive needs for user education, there 
were individuals who saw the future very differently.  In the 1977 review of the past twenty years of 
computing cited earlier, Portia Isaacson observed: 

The computer is a mind-amplifying tool.  As muscle-amplifying tools have enabled us to make 
physical achievements far beyond our unaided abilities, the abundant computer will us to make 
intellectual achievements far beyond what we can now imagine…We live at a marvellous time—
we are the threshold of a change in our society as fundamental as the changes that came with 
the printing press, the assembly line, or the automobile.  The change will begin when 
information processing power becomes available to the individual.  

By 1995 Isaacson’s and others’ visions for the future had become common perceptions and an 
entirely different approach to business data processing was under construction.  The years since 
1995 have brought a new set of challenges and a new configuration of dominant actors replacing 
those which previously had controlled business data processing.  Some of those actors were internal 
to the company and close to what was central data processing (e.g. financial accounting 
departments and their allies in the accounting companies that simultaneously offered audit services 
and provided information systems consultancy).  Others within the company such as leaders of 
manufacturing, logistics, marketing and sales were, however, able not only to voice their 
preferences but also to take action to bring other forms of business data acquisition, curation and 
reportage into use.  These other actors were supported by a complex network of consultancies, 
software companies, and, increasingly now, the platform providers of computing infrastructure.  The 
socio-technical system of business data processing has been transformed fundamentally.   

Understanding the forces shaping and challenging the continuity of socio-technical regimes is 
necessary for analysing or initiating change.  The creation of variety responding to diverse needs, 
combined with imagination of future paths of development, can provide the foundations for change.  
It is, however, much more challenging to predict how and when an existing socio-technical system 
will be transformed.  Processes of adaptation may forestall fundamental change.  It is nonetheless 
useful to consider how combinations or configurations of alternative actor groups, technologies and 
organisational practices may be combined to create more fundamental change.  Re-examining the 
socio-technical history of business data provides some clues which are relevant to the 
transformation of other socio-technical systems that offer existential threats to humanity. 
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