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Introduction
In 1954 Rothamsted Experimental Station, the oldest British institution for agricultural research, secured a digital computer for its statistics department. The mainframe, an Elliott 401, was leased to the station by the National Research Development Corporation (NRDC), a government body that promoted the industrial development of British inventions, and paid for by the Agricultural Research Council (ARC), the main funding institution for agricultural research in Britain.
Since its foundation in the 1920s the Rothamsted statistics department had contributed to the development of statistical methods for experimental research and had built, along with its fame in statistics, a notable computing expertise. During WWII the head of the department, Frank Yates, was an operational researcher engaged both in military strategies and in the optimisation of agricultural policies, and his wartime involvement in operational research contributed to the expansion of the Rothamsted statistics department after 1945. In post-war Britain Yates and his co-workers undertook several sampling surveys in support of policy makers and in 1947 the department became a general statistical service for agricultural and biological research, still attached to Rothamsted, but not devoted only to the experimental station.
The acquisition of up-to-date computing tools in the Rothamsted statistics department during the 1940s and 1950s – at first Hollerith punched-card equipment and then a digital computer – have to be framed in the post-war expansion of its research activity. Scientific reasons, however, cannot account by themselves for the early computerization of the department. In the acquisition of the Elliott 401 the alliances established in operational research by Frank Yates were, in fact, decisive. The key figures in the ARC and NRDC, as well as the scientific members of the visiting group that advised favourably on the acquisition of the mainframe, were all former acquaintances of Yates in operational research and their support was necessary to gain the digital computer, a piece of technology still costly and rare in the early 1950s.
My aim is to examine the intertwining of scientific goals and wartime connections among operational researchers combined in the acquisition of the Elliott 401, and the material and ‘moral’ space gained by the new technology in the Rothamsted statistics department, which became the leading centre for statistics and computing in agriculture and biology in Britain in the aftermath of WWII. 
In the examination of my case study I will consider the literature concerned with the difference made by digital computers in scientific research and the body of scholarship that has explicitly addressed the introduction and role of computers in agricultural sciences and the life sciences, in this latter case focusing also on the influence of operational research in the mathematization of biomedicine.

4.1
The Rothamsted statistics department after WWII
4.1.1
Warfare, operational research and the post-war expansion of statistics in agriculture and biology


Britain’s involvement in WWII has been accounted as a deployment of military technologies, science and invention, experts and technocrats.
 An outcome of the wartime mobilisation of British science was operational research, that is the use of statistical and probabilistic methods for approaching complex problems.
 The new discipline emerged in connection with the development of radar technologies and military strategies and its practitioners – a mixed crowd of experts in fields such as physics and statistics, genetics and anatomy – were enrolled in the warfare as scientific advisors.

Due to their different background, operational researchers resulted an inhomogeneous expert group, having in common only the use of statistical methods for tackling complex problems.
 They chose to associate their discipline with statistics, as statistics offered means “far more accurate and rapid than mere common sense for sizing-up any situation, however complicated, and for measuring the actual effect of any steps taken to deal with it”.

The applications of operational research were not limited to military problems and operational research did not disappear at the conclusion of the war, but significantly contributed to the diffusion of statistical and system thinking in the second half of the twentieth century.
 In post-war Britain the expansion of statistics promoted by operational research met with the global increase of funding available for scientific research.
 Statistics benefited from this climate with a general expansion of the discipline in terms of people engaged, publications and field of applications for statistical methods.
The Rothamsted statistics department was at the forefront of this development. Since the 1920s the department had been a well-established centre for the design and analysis of agricultural and biological experiments, mainly for the experimental station and its associated centres, but also for outside institutions interested in a more scientific approach to agricultural and biological research. However the staff had always been scarce – two or three statisticians, three or four human computers, a few temporary workers – and its funding dependant from the overall success of the experimental station in gaining public grants (chapter 1).
The development of operational research during the warfare and the involvement of the Rothamsted statisticians in it – an involvement prompted by the personal and professional liaisons of Frank Yates, the head of the department – brought new opportunities for research and fresh funding. The staff in the Rothamsted statistics department was only marginally involved in military operations, but actively engaged in several statistical investigations useful for assessing availability and rational distribution of agricultural commodities.
 The Rothamsted statisticians were called as consultants in the set-up of several wartime surveys. “The first call I had – Frank Yates remembers – was from the Forestry Commission within a week of declaring war” and his task was to estimate the availability of timber for the whole country.
 In 1941-1942 the Rothamsted statistics department took part also in the qualitative survey of English and Welsh farms, sponsored by the Ministry of Agriculture.

“A piece of operational research in the agricultural field” started at Rothamsted during WWII and successfully carried on in the following decades was concerned with the fertilizer policy.
 In 1940 the Rothamsted statistics department undertook, in collaboration with the chemistry department of the station, a collection and meta-analysis of the fertilizers trials conducted in Britain since the beginning of the twentieth century.
 The data analysis prompted a sampling survey on fertilizer practice and by 1945 about forty counties in England and Wales had been partially or fully surveyed giving a better understanding of the real necessities of fertilizers for agriculture.

The wartime experience changed in depth the Rothamsted statistics department: its work expanded well beyond the experimental station and its staff more than doubled if compared to the pre-war levels (Appendix I), thus, at the end of the conflict, it became urgent a reorganisation in terms of funding, staff and equipment. On the basis of a memorandum submitted by Frank Yates in April 1945, the ARC in association with the Agricultural Improvement Council (AIC) and the Scottish Agricultural Advisory Council discussed a comprehensive plan for the development of statistical facilities in agriculture.
 Yates’ memorandum “drew attention to the urgent need for better advice and assistance, and for increased facilities for training, in the use of statistical methods in agricultural research” and suggested “to increase the number of statistical units at research centres and, in addition, to set up one or more larger units at appropriate centres”.

The first scheme drafted in 1946 envisioned three main centres of agricultural statistics to be implemented at Rothamsted Experimental Station (possibly transforming the statistics department in an independent unit), Cambridge University (specialised in veterinary research, genetics and agricultural meteorology and attached to the department of genetics headed by Ronald Fisher) and Edinburgh University (under the statistician Alexander C. Aitken working in the university department of mathematics).

According to Yates’ proposal the tasks of the Rothamsted statistics department should include research in statistical methods for agriculture and biology; assistance to Rothamsted and other agricultural institutions in the planning and analysis of field experiments; promotion of sampling surveys in agricultural research; statistical consultancy for the British colonies; training of postgraduate students in statistics for agricultural research; computing services offered to research institutions that could rely just on basic apparatus. Due to the increased workload, provisions were made for hiring new staff and Yates aimed at a department of about sixty people.

The actual development of the three ARC centres had a much slower progress than expected in the initial plans. The Rothamsted statistics department expanded, but remained part of the experimental station, Ronald Fisher never supervised a statistics unit in Cambridge sponsored by the ARC, and a statistics centre in Scotland, headed by a former co-worker of both Ronald Fisher and Frank Yates, David J. Finney, was founded only in 1954 at Aberdeen University.

4.1.2
Frank Yates as statistician, computer and operational researcher
Born in Didsbury, Manchester, in 1902, Frank Yates studied mathematics at St. John’s College, Cambridge, where he graduated with first class honours in 1924. Yates then worked as mathematical schoolmaster in a public school, Malverne College, before being appointed as research officer and mathematical advisor to the Gold Coast (Ghana) Geodetic Survey in 1927. In 1931 he started his career at Rothamsted as assistant of Ronald Fisher (chapter 1) and, only two years later, he became head of the department, when Fisher left the experimental station for the Galton chair of Eugenics at University College London.

Before WWII the influence of Fisher on his former department and on his new – and inexperienced head – was decisive. Yates concentrated mainly on experimental design and the theory and practice of sampling, two strands of research started at Rothamsted in Fisher’s time.
 Like Fisher, Yates promoted statistics “that tries to satisfy the needs of the biologist and agriculturist rather than pursuing theory for theory’s sake” and for this reason he gained the election to the Royal Society in 1948.
 A dedicated computer since his experience as surveyor, Yates collaborated with Fisher authoring and constantly revising the Statistical Tables for Biological, Agricultural and Medical Research (chapter 2).

The scientific collaboration between Fisher and Yates during the 1930s was further strengthened by their common interest for genetics, Fisher’s second career (chapter 3). Yates “learnt quite a lot of genetics before the war with Fisher”, who introduced him to several British geneticists such as Cyril Darlington and Kenneth Mather, promoted Yates’ entrance in the Genetical Society and involved him in experiments on animal and plant genetics.

Yates “would have kept up with genetics had it not been for the war” that fully engaged him in operational research, alongside the anatomist and civil servant Solly Zuckerman.
 Yates entered in the Tots and Quots, Zuckerman’s dining club, when it was revived at the outbreak of the conflict.
 Several members of the club were scientists of left-wing and liberal sympathies directly engaged in operational research, as Frank Yates, and the club promoted the mobilization of scientists for the warfare.
 The pamphlet Science in War (1940) emerged from the dining club discussions, and Yates contributed to the book with the sections related to agriculture.

Along with Zuckerman, Yates was involved in the Bombing Survey Unit, the Bombing Analysis Unit, and the Allied Expeditionary Air Force.
 He took part in investigations on casualties during air raids, the efficacy of the Anderson shelters to protect civilians, the determination of effective bombing strategies. He spent several months abroad in Sicily in 1943 and in France, Belgium and Germany in 1944-1945.
 Besides his collaboration to military operations, Yates contributed to the warfare with the agricultural surveys entrusted to his Rothamsted department.
After WWII Yates’ career path drifted away from the one of Ronald Fisher and genetics was not to be resumed, while research on sampling techniques and the planning and analysis of censuses and surveys became a relevant component of Yates’ work, adding to his traditional involvement in the design and analysis of agricultural and biological experiments. Yates was a member of the United Nations sub-commission on statistical sampling (1947-1952) and his book Sampling Methods for Censuses and Surveys was written, under the auspices of the commission, “to assist in the execution of the projected 1950 World Census of Agriculture, and the 1950 World Census of Population”.

With the expansion of his department after WWII both the statistical and computing work increased and Frank Yates, constantly interested in efficient computing solutions, requested funding not only for hiring more staff, but also for the acquisition of up-to-date tools for his department, at first punched-card equipment and later electronic computers. To Yates the computing equipment was not just an artefact, but he conceived it as an integral part of the research activity in his department
“our Hollerith installation should be regarded as a piece of research apparatus which, in addition to its routine uses for the particular statistical analyses that we are carrying out, will enable new methods of analysis to be developed. Our policy should therefore be to keep in touch with modern developments of computing machinery, especially modern electronic and relay computers so as to be able to adopt them to biological and agricultural needs as need arises”.

Yates’ vision gained for Rothamsted a pioneering role in the acquisition of digital computers for scientific research. With the arrival of the Elliott 401 in the department in 1954, Rothamsted was among the first five government institutions provided of a stored program electronic computer.
 As a pioneer user of digital computers, when the British Computer Society was established in 1957, Yates entered in its council and in 1960-61 served as its president.
 
Throughout Frank Yates’ career at Rothamsted the statistics department was in charge of both statistics and computing and only at Yates’ retirement in 1968 two distinct units were created, one concerned with the preparation of software suitable for statistical analysis and the other responsible for the centralised computing services sponsored by the ARC.
 Yates conserved an office in the Rothamsted computing department and remain associated with Rothamsted Experimental Station for over sixty years.
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Fig. 1 Frank Yates (undated). 
Credits: Courtesy of Rothamsted Research.
4.1.3
Staff and tasks of the Rothamsted statistics department after WWII 


Since 1945 the main addition to the traditional work of the Rothamsted statistics department was represented by the development of operational research for agriculture, in particular the sampling surveys, which became a speciality of Frank Yates and his co-workers. The department was consulted in relation to surveys by British institutions – agricultural research stations, the Ministry of Agriculture and Fisheries, the ARC, the AIC – and international bodies, such as the United Nations and their Food and Agriculture Organisation.
 
The development of the survey work did not hinder the advisory services in the design and analysis of agricultural and biological experiments traditionally offered by the Rothamsted statistics department. In particular, after WWII Frank Yates’ department devoted his forces also to the planning and analysis of animal experiments, previously just a small component of its work.
 The growth in the design and analysis of agricultural experiments was mainly influenced by the statistical support given to the National Agricultural Advisory Service (NAAS), instituted in 1946 “to give, free of charge, technical advice and instruction, whether practical or scientific, on agricultural matters”.
 The Rothamsted statisticians regularly attended the meetings of the provincial committees of the advisory service and promoted the use of statistics in agricultural experimentation also lecturing and preparing pamphlets for the NAAS.

In December 1947 the Rothamsted statistics department became a general research statistical service, as agreed by the Ministry of Agriculture and Fisheries, the ARC and the AIC. It was in this capacity that Yates’ department gave statistical advice to British institutions in the design and analysis of agricultural and biological experiments, the planning of field experiments programmes, the analysis of scientific surveys and the critical examination of large bodies of experimental data.
 Statistical advice on experimental design and analysis and on sampling surveys was also given to the colonies of the British Empire and in 1950 a post of colonial statistician was created in Yates’ department for the related advisory work.

With the acquisition of the Elliott 401 in 1954 a new relevant activity in the Rothamsted statistics department became programming. Off-the-shelf statistical software did not exist and the library of routines for the analysis of experiments and surveys with the Elliott 401 had to be built from scratch, as no programmes had been written for the computer other than input and output routines, before his arrival at the experimental station.
 During the 1950s only a few of the Rothamsted statisticians were directly involved in the programming work, as new skills, beyond statistical knowledge, were needed for the task. Before the set up of the mainframe Michael J. R. Healy and Doug H. Rees attended a course on programming methods held at the Mathematical Laboratory Cambridge, one of the pioneering institution interested in digital computers in Britain.
 In the 1950s the chief programmers, apart from Healy and Rees, were Frank Yates, Steve Lipton, John Gower, Howard Simpson, Brian Leech, Neil Gilbert – a statistician hired by the John Innes Institute, but seconded to Rothamsted for a few years – joined in the 1960s by Gavin Ross and Alan Martin.

After WWII the role of the assistant staff in the Rothamsted statistics department changed. As in the 1920s and 1930s (chapter 1), the human computers were almost all women, without university degrees and engaged in routine work on the desk calculators, but with the increased sophistication of the computing tools in the department their task was also to deal with the Hollerith equipment, punch the data tape for the Elliott 401 and handle the output of the mainframe.
 Although the human computers interacted with more advanced technologies, they progressively lost control on the calculations performed in the department and, with the arrival of the digital computer, they became just scientific clerks who did not even need to know the “complexities of routine computation, such as the analysis of variance”.
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Fig. 2 Rothamsted Statistics and Field Experiments Departments (1958). In the list below I have underlined the members of the statistics department distinguishing between the statisticians (S) and the assistant staff (A).
Back Row (left to right): H. D. Patterson (S), I. Canton, M. H. Westmacott (S), C. R. L. Scowen, J. H. A. Dunwoody (S), G. F. Jarvis, S. Lipton (S), F. B. Leech (S), J. C. Gower (S).

Middle row: (left to right): Mary D. Rainbow (A), Betty Sparkes (A), Joan E. Coiley (A), Evelyn M. Hawkins (A), Mary G. Hills (S), Myrtle Hughes, Doreen Mitchell (A), Constance Hunt (A), Florence V. W. Jordan (A), Edith E. Challenger (A), Sheila Lawrence (A), Verona A. Roberts (A), Margaret P. Whittingham (A), O. B. Chedzoy (S), H. R. Simpson (S), D. H. Rees (S).

Front row (left to right): Ann Newman, Patricia R. Walters, Betty E. Artiss (A), M. J. Allen, H. V. Garner, F. Yates (S), M. J. R. Healy (S), D. A. Boyd (S), Ruth T. Hunt (A), Marjory G. Morris (S), Muriel E. Davis (S), Doreen Bispham (A), Edith Spetch (S).
Credits: Courtesy of Rothamsted Research.

4.2
Alliances in the computerization of the Rothamsted statistics department


4.2.1
The claims for a digital computer


In the preparation of a comprehensive plan for the post-war reorganisation of agricultural science, the ARC relied on visiting groups formed by scientists and council officers who reviewed the research activity of the grant-aided institutions.
 The departments of Rothamsted Experimental Station were visited between May and November 1953 by several groups that drew preliminary reports on the current activity of the station departments, their planned expansion in the following five years, concerns about facilities and staff.
 In October 1953 the physicist Patrick M. S. Blackett and the mathematician and geneticist J. B. S. Haldane, accompanied by an ARC officer, reviewed the work of the Rothamsted statistics department and were asked to report in detail on its request to build a mainframe.

Blackett and Haldane commended Yates’ department, considered “well staffed and organized”, “productive both of valuable practical and theoretical results”, “in short, very efficient and a most valuable national asset”.
 Blackett was well-disposed towards the acquisition of a digital computer at Rothamsted, but did not support the idea of a home-made machine.
 In the final report he and Haldane suggested that “a commercially built machine of proved design” should rather be purchased to carry out “more complex statistical work, for instance multivariate analysis and the analysis of more extensive surveys and experiments”.
 Blackett and Haldane suggested also that the Rothamsted statisticians, tinkering with a mainframe, could “study the general problems arising in the handling of agricultural and biometric data by electronic machines”.


Thus, in the acquisition of a digital computer for the Rothamsted statistics department the main argument was not to pursue an economy of time and labour, but to reach new goals in the application of statistical methods and to explore to what extent mainframes could be useful in agriculture and biology.
 The perspective suggested by Blackett and Haldane’s report met – or possibly was recommended by – the vision of Frank Yates, who considered computing tools in statistics as elements belonging to the research activity itself.
 In fact, Yates, in his repeated requests to the ARC for a mainframe, pointed out the difficulty, almost impossibility, to tackle certain statistical problems, such as multivariate analysis and multivariate regression, with the current computing tools of his department, and advocated the digital computer as the only opportunity for removing this stumbling block.

In 1954 the ARC officially examined Yates’ request on account of the positive report received by the visiting group. The council considered which digital computers – already available on the market or soon to be commercialized in Britain – could be suitable for Rothamsted. Four alternatives were examined: a Ferranti Mark I, considered, however, too expensive (£90,000) and “much larger” than needed; a DEUCE produced by English Electric, “cheaper than the Ferranti”; a smallish computer produced by the British Tabulating Machine Company costing £15,000; a prototype machine, the Elliott 401, manufactured by Elliott Brothers for the NRDC, already completed, but under improvement work at the Mathematical Laboratory at Cambridge University.
 Eventually Rothamsted acquired the Elliott 401 on lease from the NRDC. The digital computer arrived at the station in April 1954.


The computerization of the Rothamsted statistics department shows several affinities with the cases examined by Jon Agar in his comparative study on the acquisition of digital computers for scientific research during the 1950s. Agar points out that computerization took place “where there already existed material and theoretical computational practices and technologies” and that it “was usually first proposed when the existing practices and technologies were still capable of the computational task at hand, but a plausible claim could be sustained that they were straining at their limits”. 

Both these aspects can be found in the acquisition of the Elliott 401. The Rothamsted statistics department had a long tradition in scientific computation and it had already started the mechanization of computing work in the 1940s with the acquisition of punched-card equipment. Yates and his co-workers had certainly plausible claims for an electronic computer: digitization could improve the analysis of agricultural experiments and survey allowing to study more than one variable at a time and the development of multivariate analysis in biology would benefit as well from the availability of a digital computer.

Thus, at Rothamsted certainly “computerization coincided with qualitative shifts in what scientists were able to do”.
 Among the statistical problems in agriculture and biology that could be handled with the electronic computer there were the analysis of replicated experiments, probit analysis, sampling and experimental errors, a wide array of genetical problems ranging from the estimation of linkage to the fit of gene frequencies by maximum likelihood, the mathematical modelling of insects populations, models of cattle metabolism, survey analysis, the computation of mathematical tables and the opportunity to build up expertise in multivariate analysis.
 Frank Yates baptized mainframes the second revolution in statistics – the first being the introduction of desk calculators – and forecast “that the much better computational facilities provided by electronic computers will stimulate the rapid development of new branches of statistical theory and methodology”.

However, as Agar underlines, revolutionary claims in the historical accounts of computerization during the 1950s are often rhetorical strategies that deserve investigation, not unquestioning acceptance.
 For instance, the computer revolution declared by Yates clashes with the co-existence of mechanical desk-calculators and punched-card equipment in his department throughout his whole career and their constant use despite the availability of the digital computer. It is important to point out, also, that all the statistical software for the Rothamsted mainframe had to be developed by the staff of the department, and years were spent in acquiring programming skills and building up a library of routines for statistical work. Besides, the software was hardware-dependant in the 1950s and thus the efforts of Yates and his co-workers were basically valuable only for their prototype computer and the acquisition of a new mainframe in the 1960s required again a consistent programming work because the routines prepared for the Elliott 401 had to be adapted to the new machine.

Moreover, digital computers were not within the reach of every researcher or institution in post-war Britain. Again Agar reminds us “the availability of computers, especially in the 1950s and 1960s, depended on contacts with providers of the scarce machines. [...] Computerization therefore depended on one’s position within labour economies, patronage ties, and moral economies of science.”
 For the Rothamsted statistics department it was Yates’ engagement in operational research during WWII that offered the connections able to prompt the computerization, as I will discuss below.



4.2.2
The legacy of operational research


The thesis that operational research influenced computerization in the sciences, in particular the life sciences, after WWII is not novel. Soraya de Chadarevian has argued that the protein crystallographer John C. Kendrew turned to digital computers for solving the structure of myoglobin due to his wartime experience in operational research. De Chadarevian claims that Kendrew approached the analysis of protein structure in “operational terms”, and this attitude drove him towards digital computers as effective systems to handle and retrieve large amounts of data.


Following de Chadarevian’s argument, Joseph November has examined the career of Robert S. Ledley, licensed dentist, MS in physics and mathematics at Columbia University, operational researcher and computer enthusiast.
 In Ledley’s vision the mathematization of biomedicine depended on the coupling of operational research methods, which provided a way to systematically reduce a phenomenon in simple components, with the computational power of digital computers, which could solve complex equations in numerical form.


In de Chadarevian’s and November’s accounts operational research promoted computerization in as much as it offered a model of reasoning suitable for tackling complex biological and medical problems and for reducing them to a format manageable with digital computers. In my case study, instead, operational research counted for the personal connections it created between Frank Yates and the people that granted him access to the Elliott 401. 

Blackett and Haldane, the members of the visiting group that reported on the electronic computer, were long-term acquaintances of Frank Yates. Both had been members of the Tots and Quots and actively engaged in operational research during WWII.
 Besides the ARC scientific advisors, also key members of the ARC had been engaged in operational research along Frank Yates. First of all the ARC secretary, William Slater, who had been a member of the Tots and Quots and advisor on agricultural policy, since 1941 in the AIC, and from 1949 in the ARC.
 Besides Slater, also Solly Zuckerman served in the ARC. His influence on the acquisition of the Rothamsted mainframe cannot be assessed from the surviving archival and published sources, however it is reasonable to assume that his vote went in favour of the request made by Yates, as Zuckerman had already received statistical advice from Yates’ department and with his co-workers at Birmingham University directly benefited from the Elliott 401 for the comparative analysis of the teeth of humans and great apes.


According to Yates’ later account, it was “[Patrick Blackett] and the then Secretary of the ARC, Sir William Slater, who were mainly responsible for enabling us to get started with a computer at Rothamsted”.
 In particular, Blackett had a key role in the computerization of the Rothamsted statistics department, because he did not only contribute to a positive report along with Haldane, but was also a member of the NRDC council and recommended the corporation to lease the Elliott 401 to the ARC.
  Yates’ posthumous account is confirmed by the correspondence exchanged since 1953 between the secretary of the ARC and the president of the NRDC.

“I have had a word with Lord Rothschild [chairman of the ARC], who has seen Blackett about the electronic calculator for Rothamsted. I also took an opportunity of having a very short discussion with Yates. We all feel that it would be very advantageous if it were possible for the NRDC to agree to the loan of the Elliot machine which is in Cambridge for a number of years, in order that Yates might experiment with its use in connection with agricultural problems and operational research surveys.” 

As evident in Blackett’s case and, in part, also for Zuckerman, Yates’ acolytes in operational research shared his interest for digital computers and thus it was not too difficult for the head of the Rothamsted statistics department to seek their collaboration in his attempt to introduce digital computers in statistics for agriculture and biology. The acquisition of the Elliott 401 at Rothamsted Experimental Station, thus, can be added to the cases of computerization in the sciences in which strong claims for the relevance of operational research can be made.

In my case study, however, the emphasis should be placed on operational research as an opportunity for personal contacts among people favourable to digital computers rather than on operational research as modus operandi. In fact, the Rothamsted statisticians already used to interpret experimental problems in agriculture and biology as liable to analytical and computational solutions. They did not need a justification for their choice to digitize statistical problems, but rather the opportunity to test how the acquisition of a mainframe could improve and broaden their established effort in the mathematization of agriculture and biology.



4.2.3
The agreements with the National Research Development Corporation


The NRDC was created in 1948 “to promote the adoption by industry of new products and processes invented in government laboratories, universities and elsewhere, advancing money where necessary to bring these to commercially profitable stage”.
 Throughout the 1950s and 1960s the corporation played a major role in the development of the British computer industry offering research and manufacturing contracts to companies considered able to enter the new market. The Elliott 401 was the result of one such contract placed with the company Elliott Brothers. 
The first contacts between the NRDC and the ARC on the acquisition of a mainframe for the Rothamsted statistics department began in November 1953.
 At that stage, however, the NRDC could not assure the availability of its Elliott 401, but granted to the ARC the first refusal in case of sale, suggesting £25,000 as the right price for the transaction.

In the following months the idea that the ARC should buy the digital computer outright from the corporation was left aside in favour of “a collaborative effort in operating the machine at Rothamsted”.
 The first rental agreement for the Elliott 401 was concluded in May 1954 by the NRDC, the ARC, and the Lawes Agricultural Trust, the body governing Rothamsted Experimental station. It was “a formal but not too formal agreement” lasting one year and stating the move of the computer to Rothamsted and the transfer of its routine maintenance from the NRDC to the staff of the statistics department.
 The ARC paid £2,000 as a rent for the mainframe and guaranteed that the computer remained in working conditions, while the corporation retained the right to access the machine and “as a working principle it was agreed that roughly 50% of the time should be available to Rothamsted and 50% to the NRDC”.


Yates’ judgement on the computer that arrived at Rothamsted is trenchant. The computer was “in a very imperfect state. Only one-third of the store was utilisable and the machine was none too reliable in operation”.
 Moreover, the software for the computer was almost non-existent. Among the staff of the Rothamsted statistics department it was Doug Rees who closely followed the Elliott 401 since its arrival at the station and in association with the NRDC technicians, in particular Harry C. Carpenter, did the preliminary work on the computer and put it in working conditions.
 As of October 1954, Rees was the only person at Rothamsted “fully conversant with both engineering and programming aspects of the machine”, and he was in charge of “the greater part of the burden of supervising programs, advice on checking out of programs, maintenance of the machine, and training of other staff in its use”.
 For the routine maintenance of the Elliott 401 at Rothamsted also a technician, D. J. Knight, was hired and trained.

Despite the initial impression, the overall performance of the computer during the first year was satisfactory and the ARC and Rothamsted decided to extend the lease of the Elliott 401 for other five years at the same annual rent. Again the Rothamsted staff and the NRDC had “the right to use the 401 each for one half of the time in which the 401 is in condition for operation”, although, throughout the years, the NRDC did not fully employ its share of the computer time giving more freedom to the Rothamsted statisticians to experiment with the machine.
 With the new agreement Rothamsted acquired the right to make “reasonable minor modifications to the 401”, as to improve its performance, ease programming and add input and output facilities able to integrate the computer in the working routine of the statistics department.
 

The agreement between the ARC and the NRDC for the Elliott 401 was further renewed and lasted until 1965, when the computer was officially switched off and the corporation donated it to the Science Museum.

4.3
The Elliott 401 in the Rothamsted statistics department


4.3.1
Brief history of the Elliott 401 and its role in the British computer industry


In the aftermath of WWII the development of computers in Britain was mainly a prerogative of three centres: Manchester University, where a prototype machine was in use since 1948 and a full scale mainframe since 1949; Cambridge University, where the team of Maurice Wilkes, head of the Mathematical Laboratory, completed in 1949 its own mainframe, the EDSAC; the National Physical Laboratory at Teddington with the Pilot ACE, a reduced version of the computer originally designed by Alan Turing, completed in 1950.

In 1949 the NRDC “inherited a portfolio of patents resulting from the pioneering work of various research teams including those at the Universities of Cambridge and Manchester, the National Physical Laboratory and the General Post Office” and went on subsidizing the development of British computers.
 By 1955 Simon Lavington estimates that in Britain there were about thirty computers in operation, all manufactured in the country.


Elliott Brothers, the company that developed the Elliott 401, had a tradition in instrument making and several connections with the Admiralty for classified work.
 In 1950 the NRDC approached the company with a proposal for collaboration, offering a contract for the development of a prototype computer, later called Elliott 401 after the accounting number given to the project by Elliott Brothers.

“They had heard of the work we were doing in the development of techniques for the construction of electronic digital computers for special purposes and they wanted to see if they could come to some arrangement with us, whereby we would develop, under their auspices, general purpose machines making use of these techniques.”

The Elliott 401 was built between September 1952 and March 1953 at the Borehamwood laboratories of Elliott Brothers. The logic scheme of the computer was entrusted to Andrew St. Johnston, the project leader, a graduate in electrical engineering with a wartime experience as radar officer.

The Elliott 401 was a “minimal machine built around a small magnetic disc store and employing single word magnetostrictive lines for the [...] arithmetic registers”.
 It used about 500 thermionic valves.
 Its innovative aspect was the use of plug-in packaged circuits, that is the mainframe was built with a limited set of standardised units, which should reduce on the one hand the overall cost of manufacturing the computer, and on the other, in case of fault, could be immediately changed by the operator.


The Elliott 401 was the starting point of the Elliott 400 series, which included three commercial models (402, 403, 405), all produced using packaged circuits. The Elliott 402 was the production version of the prototype 401 and in 1961 the company Elliott Brothers gave to Rothamsted an exemplar of 402, which was previously employed at the Elliott Computing Service Bureau. In Yates’ department the newly acquired Elliott 402 was fitted with input/output devices for punched-cards and used for the analysis of surveys.

Although produced by Elliott Brothers, the Elliott 401 was owned by the NRDC, which had paid for its development and manufacturing. In April 1953 the computer was demonstrated at the Physical Society Exhibition in London and from June 1953 to March 1954 the mainframe was hosted by the Mathematical Laboratory at Cambridge, where the NRDC invested in further engineering and logical development.
 Despite the new investments, when the mainframe moved to Rothamsted in 1954, it needed further adjustments before becoming fully operative.

At Rothamsted the computer remained in active service for eleven years. During this period changes were made to the hardware as to facilitate programming, increase the memory storage and provide new facilities for the input and output of data.
 During its time at Rothamsted the Elliott 401 had periods of satisfactory performance alternated to “bad spells”.
 However, the only major breakdown was the failure of the magnetic disc store in 1960, replaced with a more modern magnetic drum store.

Overall, the Elliott 401 gave a reliable service at Rothamsted and Frank Yates did not regret the choice to keep the NRDC mainframe after the first year.
 Only in 1960 it was decided to replace the Elliott 401 with an Orion produced by the computer company Ferranti.
 The Orion was delivered at Rothamsted in December 1963 and in the meantime the agreement with the NRDC was renewed and the first mainframe remained operative in the department, while suitable software was prepared for the new computer.
 

The working life of the Elliott 401 ended in July 1965, when it was switched off during an official ceremony held at Rothamsted Experimental Station at the presence of representatives of the NRDC, Elliott Brothers and the experimental station. In that occasion the Science Museum took charge of the machine as a valuable output of the early British computer industry.

During the closing down ceremony, the NRDC manager H. John Crawley who had closely followed the development of the computer gave a petty accounting of the Elliott 401 project for the corporation balance. The initial expense for the development and maintenance of the computer in its early years had been about £62,000, only partially covered by the revenues (about £21,000) paid by Elliott Brothers to the NRDC for the mainframes of the Elliott 400 series and by the rental agreement with the ARC, which gave approximately £22,000.
 However, the relevance of the Elliott 401 for the NRDC and the British computer industry can be assessed in a more generous way in terms of the new potential market for mainframes that the NRDC had contributed to open. According to Simon Lavington, in fact,

“For NRDC, the significance of the 401 [...] was that it introduced a second player to the UK marketplace. Ferranti Ltd. was already producing limited numbers of large-scale computers for sale, at a price of about £90 K each. Now the hope was that Elliott Brothers, or some derivative of Elliott Brothers, could produce small- or medium-scale machines in commercially realistic quantities at a price in the region of £20 K each.”

If the figures quoted by Crawley cannot be a satisfactory assessment of the role of the Elliott 401 in the business history of computers, least of all they can recapture the role of the mainframe as a living piece of technology. In his official discourse of acceptance, the Science Museum representative, H. R. Calvert, in fact, brilliantly pointed out that the
“NRDC commissioned the computer and Messrs Elliott made it, but it was still until it was used, a collection of components in metal cupboards. It was Dr Yates and Mr Rees of the Rothamsted Experimental Station who gave the machine a personality – or it should be a computerality – by setting it to work on important statistical problems.”

The library of programmes written by Yates and his colleagues certainly gave to the Elliott 401 a statistical soul – the Rothamsted mainframe was likely to be the only mainframe fully devoted to statistical research in Britain during the 1950s – and, neglecting the minor impact of the NRDC external users, shaped the applications feasible with the Elliott 401, because no other software for the mainframe existed.
Digital computers are general purpose machines, but to be effective they need an adequate programme library, which, for the early mainframes, especially the prototypes like the Elliott 401, was the direct effort of the computer users, in this case Frank Yates and his co-workers. Moreover, users had also specific requests on the computer hardware. For example, at Rothamsted it was a priority to provide the Elliott 401 with punched-card input and output facilities, as to connect it with the Hollerith equipment already available in the department.
Thus, it is interesting to ask alongside the question ‘What difference did computers make to science?’, which underpins Agar’s comparative study of computerization, also the reverse one ‘What difference did the sciences [in which digital computers were applied] make to computers?’ in terms of hardware improvement and software development.
 To some extent, I attempt an answer for the Rothamsted mainframe discussing below how the Elliott 401 was integrated in the scientific activity of the statistics department.
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Fig. 3 Elliott 401 at Rothamsted Experimental Station (undated). One of the cupboards is left open to show the packaged circuit units. The main cabinet contained the ventilating equipment and power supplies, store disc, amplifiers and control circuits. Next to the main body of the computer there is the monitor console containing two cathode-ray oscilloscopes and three number generators and the electric typewriter for printing the computer output. The technical features of the computer when it arrived at Rothamsted in 1954 were as follows “the 401 is a serial computer with a word length of 32 binary digits and a word time of 100 (s. The main store is a magnetic disc of 23 tracks, each holding 128 words (orders or numbers); 7 of the tracks are always immediately available to the computer, but only 1 of the remaining 16 is accessible at any given time, switching between these tracks being by means of high-speed relays. There are 5 single-word immediate-access registers; one is the accumulator, which can be coupled with a second register for double length working; the other 3 registers can each be used to modify orders (B modification) as well as for temporary storage of numbers. Input is by five-hole punched tape and output by either electrical typewriter or teleprinter-punch. The machine has a two-address code to allow for optimum programming.” (RES (1955), p. 138)
Credits: Courtesy of Rothamsted Research
4.3.2
Old and new computing technologies at Rothamsted in the 1950s


An handwritten inventory compiled in August 1945 recorded the calculating machines available in the Rothamsted statistics department in the aftermath of WWII. The list included: one new Monroe (not yet arrived), two fully automatic Monroes (one out of order most of the time), three ordinary Monroes, three Millionaires, two hand machines, two adders, plus three Friden calculating machines, one Monroe and one Marchant calculator used by the department, but belonging to the Galton Laboratory, one Brunsviga calculator of the British Association Mathematical Tables Committee.
 

Apparently the equipment of the department had not changed much from the pre-war days, when statisticians and human computers working at Rothamsted could rely only on mechanical and electro-mechanical calculators (chapter 1), but that would be a false impression. WWII had brought in the department a decisive technological upgrade with the direct availability of Hollerith punched-card equipment. For example the returns of the wartime farm survey had given the opportunity for a systematic use of Hollerith punched-card equipment and Oscar Kempthorne, the statistician in charge of the investigation, had published a detailed account of the use of Hollerith equipment in the survey.
 

In 1948 a sorter-counter was available for the Rothamsted statistics department, replaced in 1949 by a Junior Rolling Total Tabulator and a sorter.
 The tabulator had a feeding mechanism for reading the cards, counters where the results of the calculations done from the cards were stored, and an interchangeable plugboard that allowed the machine to perform several tasks, such as listing, adding, subtracting, according to the way in which the wires were connected by the operator. It was even possible to print out the results of the operations done by the tabulator. In 1950 Rothamsted acquired also a reproducer-summary punch to duplicate the data on a card and to punch the results of the calculations done on the tabulator not on paper, but again on a punched-card.

The reports of the statistics department constantly described the Hollerith equipment as a research tool that needed to be “on the spot” under the direct control of the statisticians to maximize its potential for research.
 Indeed, the Rothamsted staff suggested alterations to the punched-card equipment that could facilitate their daily work. For example, the tabulator was modified as to control the distribution between counters of the numbers read from the cards in more than one control column.
 In that way it was possible to separate at once the different treatments under consideration in the analysis of replicated factorial experiments.
 The tabulator was also employed in the analysis of surveys and offered an opportunity to approach multivariate analysis in biological research and to solve mathematical problems.

The use of the Hollerith equipment represented the first attempt at the mechanisation of the work in the Rothamsted statistics department and therefore an important step for the later computerization. It suggested strategies for condensing statistical information in new formats and procedures for splitting routine work in simple operations that could be performed with the punched-card equipment, but it did not mean the dismissal of desk calculators nor made redundant the human computers.
 The Hollerith equipment did not radically change the computing practices of the department, but on the one hand aided in the execution of computations, especially when large amounts of data were involved, and on the other offered the opportunity to tackle problems which were rather difficult to approach on desk calculators, such as the analysis of co-variance.
In accounting for the development of computing work in the Rothamsted statistics department, thus, it is crucial to understand how new tools set into the research activity of the department and contributed to expand the applications of statistics, rather than to evaluate the artefacts in themselves. The same attitude is important for understanding the acquisition of the Elliott 401, whose main goal was not the digitization of routine work, but rather the exploration of new research opportunities. Thus, when the Elliott 401 arrived in 1954, the Rothamsted statistics department did not want to dismiss the Hollerith equipment in the turn of few years, but rather wanted to combine the mainframe with it. Among the priority modifications listed by the Rothamsted staff for the Elliott 401, in fact, there was the acquisition of input/output equipment for connecting the mainframe to the Hollerith card system. Despite the high cost – the estimated expense was about £1,000, half the annual rent of the mainframe – the Rothamsted statistics department was ready to pay as “many simple arithmetical operations require to be performed on data which can then be efficiently analysed by punched-card machines, and [...] because a great deal of data which can best be analysed on electronic machines at present exists on punched cards.”


In order to secure an input and output from punched-cards for the Elliott 401 negotiations began since June 1954 with the British Tabulating Machine Company and the NRDC.
 The first results of the collaboration were visible in 1956 when a punched-card reader was connected to the mainframe.
 The tape to card converter, instead, was delivered only in January 1958.

The Rothamsted statisticians evaluated their experience with the Elliott 401 in a similar way as the one with the Hollerith equipment, “where we found that it was only by having equipment on the spot, so that research workers could themselves use it, test out different methods and examine the results as they were obtained, that we could exploit its full potentialities.”
 It was tinkering with the mainframe that new results in statistics were possible, and such tinkering meant for the most part the development of statistical software. However, programming in machine language the Elliott 401 was a heavy task, as the computer had not been designed having ease of programming as a main goal.

The optimal programming strategy for the Elliott 401 imposed to locate successive instructions in the computer store – a magnetic rotating disc – as to minimize the number of rotations in order to move from an instruction to the following one. Optimum programming increased the overall speed of work of the computer, an asset for the Rothamsted statisticians as their statistical routines usually required the computer to go through several hundreds instructions.
Thus, Frank Yates developed an automatic programming routine to facilitate the writing of efficient programs.
 Yates’ routine automatized the re-arrangement of the software instructions according to optimum programming and facilitated the discovery of faults in the program structure. The first version was completed in January 1955 and thereafter constantly improved and adapted for writing programs of increasing complexity, such as the analysis of factorial experiments and Latin squares.
 The routine was “found to produce programmes whose timing is as good as or better than the average human programmer and which contain far fewer errors when they are tested for the first time”.



4.3.3
Making space for the Elliott 401


In 1946 the Rothamsted statistics department moved to Rivers Lodge, an independent building located close by the central premises of the experimental station.
 The move of the department can be understood considering the plans for its expansion, in terms of people and equipment, after WWII. However, the new accommodation resulted inadequate already in 1950, despite the vacancies among the staff and the promise of three more rooms in a cottage adjoining Rivers Lodge. Yates appealed to the Rothamsted director and the ARC for more space. In particular, Yates insisted on the necessity to separate scientific officers from computers as “all workers who have to do mathematical work, writing or reading, when someone else is working a calculating machine in the same room, find the strain almost intolerable”.

Plans were thus made for a new accommodation for Yates’ department, either in the form of a new building or an extension to the present department.
 Eventually, for lack of funding, it was decided to build a temporary hut in the garden next to Rivers Lodge. The hut was completed in March 1954, just in time for the arrival of the Elliott 401. To the new accommodation moved also the Hollerith equipment that was hosted until the late 1950s in the same room of the digital computer.

As the construction of the hut and the negotiations for the acquisition of the mainframe were almost contemporary, the ‘machine room’ in the hut was adapted since the design phases as a possible area for the digital computer, in particular the Elliott 401.
 Early mainframes, in fact, required for their physical dimensions, weight and power consumption an ad hoc location. The main body of the Elliott 401, for instance, was 3.96m long, 0.61m deep and 2.29m high, weighted over one (metric) ton, consumed 5 KVA of power, and demanded some precautions, as for the motor alternator that should be mounted on a plinth and kept detached from the floor.
 Soundproofing was also necessary for the machine room because both the digital computer and the Hollerith equipment were very noisy.

The creation of a proper physical space in the hut for the digital computer was the material counterpart of the necessity to fit the Elliott 401 into the working economy of the Rothamsted statistics department, in particular in relation to the analysis of agricultural experiments and agricultural surveys. The former was the first set of problems for which digitisation was attempted. Programs were written for the more common experimental designs adopted in agriculture and were then used for the routine examination of all the field trials that fit that pattern. The analysis of agricultural experiments represented a consistent share of the annual work in the Rothamsted statistics department and in the use of the Elliott 401 for the analysis of the experiments emphasis was placed on the fact that once the program tape had been punched and checked and another paper tape had been prepared for the data, the experiments were analysed quickly and without heavy interventions of the staff, in contrast “with the time and skill required to plug a Hollerith plug board for even quite simple operations”.
 Considering the post-war expansion of the Rothamsted statistics department as a consultancy centre for the analysis of agricultural experiments, the mainframe was thus a welcome addition to the equipment already available. 
 The use of the Elliott 401 for survey analysis started later than the computerization of the analysis of experiments because it was necessary to have flexibility in input and output from punched tape to Hollerith punched-cards and vice versa to make computerization of survey analysis convenient.
 An interesting example is the data analysis of the survey of fertilizers practice. Until 1950 the survey information was collected using edge-punched cards that could be sorted by hand through a knitting needle. In 1950 there was the first attempt at the mechanization of the survey analysis using Hollerith cards, but it proved unsuccessful and it was not repeated. In 1957 the survey was instead analysed with the Elliott 401, but again with mixed results. On the one hand the mainframe “enabled the main results to be obtained much more speedily than had previously been possible”, but when the Rothamsted statisticians tried to use the mainframe for more subtle investigations on the fertilizers data it “proved troublesome [...] partly because of the use of paper tape input, and partly because of programming difficulties”.

By 1960 the Rothamsted statistics department had instead available a general survey program, using punched-card input, which was employed for the detailed analysis of surveys, including the fertilizer one. The 1962 fertilizer survey, for instance, was examined using such program and the Elliott 402 given by Elliott Brothers to the station.

Yates and his co-workers appreciated in the Elliott 401 the possibility “to speed up the routine analyses which are at present done on desk machines, but which are of sufficiently standard type to be programmed electronically”, but mainly they insisted on the opportunity to tackle with the mainframe new statistical problems, such as multivariate analysis, which required heavy computations like matrix inversion.
 It was this philosophy of experimenting statistics and computing together that gave to the Elliott 401 its own place, material and ‘moral’, in the Rothamsted statistics department, side by side with the desk calculators and the punched-card equipment, already available in the department and that had been acquired over the time with the same attitude.
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Fig. 4 Hut of the Rothamsted statistics department (2010). 
Credits: Courtesy of Rothamsted Research

Conclusion

In the present chapter I have discussed the computerization of the Rothamsted statistics department during the 1950s in relation to the post-war expansion of its scientific activity and to the patronage ties that made possible the acquisition of its first mainframe.

Since its opening in the 1920s the Rothamsted statistics department had been both a statistics and a computing centre and its first two directors, Ronald Fisher and Frank Yates, had been particularly interested in efficient systems of computations. After WWII the transformation of the department in a general statistical advisory service for agriculture and biology in Britain and its involvement in sampling surveys for agriculture consistently increased its computing workload and Frank Yates, the department head, coped with the new activity not only hiring more staff, but also exploring the potentialities of up-to-date computing tools, such as Hollerith equipment and mainframes.

Scientific needs devoid of patronage ties, however, could not have brought to Rothamsted a digital computer already in 1954. It was the wartime engagement of Frank Yates in operational research and the connections gained at that stage that promoted the early computerization of his department. William Slater, the ARC secretary, and Patrick Blackett, the ARC scientific advisor and NRDC consultant, who were crucial for the acquisition of the Elliott 401 at Rothamsted, had been involved with Frank Yates in operational research and favoured his project for the exploration of the potentialities of electronic computers in agriculture and biology.

So far, the computerization of the Rothamsted statistics department fits the patterns that Agar has discussed in his comparative study on scientific computerization in the 1950s. There is, however, a peculiarity in the acquisition of the Elliott 401 at Rothamsted. The main argument for the computerization of the Rothamsted statistics department was not to pursue an economy of time and labour in handling the growing amount of experimental data sent to the department for analysis, neither it meant the dismissal of the computing equipment previously used. Rather Frank Yates conceived computing tools in statistics as research tools and envisioned the acquisition of the Elliott 401 as an opportunity to tackle new statistical problems in agriculture and biology. His vision was certainly fulfilled, also because, due to the scarcity of mainframes in the 1950s, Rothamsted became a centre of attraction for a wide variety of non-standard statistical and computing problems.
However, there is hardly anything revolutionary in the role played by digital computers in the Rothamsted statistics department. The same willingness to experiment with computing tools that prompted the acquisition of the Elliott 401 in the 1950s had brought to the department the Hollerith equipment in the 1940s and since the 1920s and 1930s had promoted the use of desk calculators and the preparation of statistical tables.

For nearly half a century – at least until Yates’ retirement and the division of his department in two distinct units – statistics and computing were two sides of the same coin at Rothamsted. Therefore, there is an historical truth in Yates’ statement that the early computerization of his department stemmed directly from the Millionaire calculating machine that Ronald Fisher had acquired upon his arrival at the experimental station and from the tradition started by Fisher that “to be a good theoretical statistician one must also compute, and must therefore have the best computing aids”.

However, the revolution in statistics advocated by Yates with the introduction of digital computers, if ever it took place, started thirty years before the acquisition of the Elliott 401 and was rooted in the choice to link statistical applications and computing practices in the Rothamsted statistics department.
Appendix I: Expansion of the Rothamsted Statistics Department (1930s-1960s)
	Year
	Head
	Scientific staff
	Voluntary workers
	Assistant staff



	1938

Last staff list available before WWII. 

(10 people)
	Frank Yates, Sc.D


	W.G. Cochran, M. A.

J.W. Weil, M. A.

(Prof.) R.A. Fisher, honorary consultant
	D.A. Boyd, B.A.

R.N.P. Luddington, B.A.


	Peggy Hubbard

Peggy McLarty

Gladys A. Smith

Peggy Hurt (Secretary)



	1945

First staff list available at the conclusion of WWII.
(22 people)
	Frank Yates, Sc.D
	F.J. Ascombe, M.A.

D.A. Boyd, Ph.D

Rose O. Cashen, Ph.D

A.E. Jones, B.A.

O. Kempthorne, M.A.

Irene Mathison, M. Phil.

M.H. Quenouille, B. A.

J.W. Weil, M. A.
	T. Chinloy, Dip. Agric.

C.E. Ford, B. Sc., Ph.D.


	Hansi Barrett

G. Graylen,

Phyllis Hawkins

Barbara Hodge

Peggy Hurt

Avis James

Margaret Pellant

Mrs V. Roberts

Kathleen Simpson

Sylvia Smith

Alice M. Wright



	1950

Staff list after the acquisition in 1948-49 of Hollerith tabulating equipment

(38 people)
	Frank Yates, Sc.D.
	P.R.D. Avis, B.Sc. (Econ.)

D.A. Boyd, Ph.D

B.M. Church, B. Sc.

A.T. Dunn, B.Sc. (Econ.)

J.H.A. Dunwoody, B.A.

G.V. Dike, M.A.

M.J.R. Healy, B.A.

G.E. Hodnett, B.Sc. (colonial office)

G.M. Jolly, B.Sc.

W.J. Lessells, B.Sc. (Econ.)

Rowena Lord, B.Sc.

Averil Munns, B. Sc.

H.D. Patterson, M. Sc.

Emily P. Poulton, B. A.

D.H. Rees, B. Sc.
	Muriel E. Davies, B.Sc.

K. Slater, B.Sc.

J.K.R. Wood, B.Sc
	Patricia M. Barrett

Dorothy Browning

Doris Court

Mrs. W. Dawson

Marjorie Fulford

Gwendoline Halsey

Constance Hunt

Mrs. F. Jordan

Mrs. G. Lucas

Barbara Needham

Susan Oliphant

Audrey Pincombe

Mrs. V. Roberts

Freda A. Smith

Sylvia Smith

Doreen Tucker

W. J. Walters

Joan Wilkinson

Ruth T. Hunt (Secretary)



	1954

Staff list in the year of the acquisition of the Elliott 401

(43 people)
	Frank Yates, Sc.D.
	D.A. Boyd, Ph.D

B.M. Church, B.Sc.

Sheila Cohen, B.Sc.

Muriel E. Davis, B. Sc.

J.H.A. Dunwoody, B.A.

M.J.R. Healy, B.A.

G.E. Hodnett, B.Sc.

D.J.Knight (technician for electronic computer)

F.B. Leech, B.Agr., M.R. C.V.S.

W.J. Lessells, B.Sc. (Econ.)

S. Lipton, B.Sc.

Averil M. Munns, B.Sc.

H.D. Patterson, M.Sc.

D.H. Rees, B.Sc.

Emily P. Simpson, B.A.

Edith Spetch, B.Sc.

M.H. Westmacott, B.A.

A.W. Whitwell, B.Sc.
	P.T. Nelson, B.Sc. (Agric.)

R. W. Sharp, B.Sc.

P. Sprent, B.Sc.


	Doreen Bispham

Edith E. Challenger

Doris A. Court

Winifred L. Dawson

Gwendoline Halsey

Constance Hunt

Florence V. W.  Jordan

Marie Keasley

Gwendoline Lucas

Stella Mardle

Doreen Mitchell

Muriel C. Must

Audrey Pincombe

Verona A. Roberts

Dorothy Slack

Freda Smith

Berenice Sorrell

Katharine Thomas

Ann Watkinson

Margaret P. Wittingham

Ruth Hunt (Secretary)



	1958

See Fig. 2
(45 people)
	Frank Yates, Sc.D.
	Joan Anderson, B.A.

D.A. Boyd, Ph.D

O.B. Chedzoy, B.Sc.

B.M. Church, B. Sc.

Muriel E. Davis, B.Sc.

J.H.A. Dunwoody, B.A.

J.C. Gower, M.A.

M. J. R. Healy, B.A.

Mary G. Hills, B.A.

D. J. Knight (computer technician)

F. B. Leech, B.Agr., M.R.C.V.S.

W. J. Lessells, B.Sc. (Econ.)

S. Lipton, B.Sc.

Marjory G. Morris, B.Sc.

H. D. Patterson, M.Sc.

D. H. Rees, B.Sc.

Emily P. Simpson, B.A.

H. R. Simpson, B.A.

Edith Spetch, B.Sc.

Beryl Turner, B.Sc.

A.J. Vernon, B.Sc. (Agric.)


	S.F. Buck, B.Sc.


	Pauline G. Ambrose

Betty E. Artiss

Doreen Bispham

Marion Bridge

Edith E. Challenger

Joan E. Coiley

Monica R. Coleman

Doris A. Court

Rosemary E. Cumming

Winifred L. Dawson

Evelyn M. Hawkins

Constance Hunt

Florence V. W.  Jordan

Sheila A. Lawrence

Hazel P. Oggelsby

Mary D. Rainbow

Verona A. Roberts

Barbara A. Seymour

Betty Sparkes

Freda Walker

Margaret P. Wittingham

Ruth Hunt (Secretary)



	1965

Staff list in the retirement year of the Elliott 401

(52 people)
	Frank Yates, Sc.D.
	K.E. Bicknell

D.A. Boyd, Ph.D.

B.M. Church, B.Sc.

J.H.A. Dunwoody, B.A.

C.W. Fearne

J.C. Gower, M.A.

Mary G. Hills, B.A.

Winifred A. Johnson, B.Sc.

F.B. Leech, B.Agr., M.R.C.V.S.

W.J. Lessells, B.Sc. (Econ.)

J.A. Lewis, B.A.

Bridget I. Lowe, B.Sc.

Alison Macfarlane, B.A.

A.H. Martin, B. Sc.

Marjory G. Morris, B.Sc.

H.D. Patterson, M.Sc.

D.A. Preece, M.A.

D.H. Rees, B.Sc.

G.J.S. Ross, B.A.

Joyce R. Rossiter, B.Sc.

H.R. Simpson, B.A.

A.J. Vernon, B.Sc. (Agric.)
	N.G. Alvey
	Betty E. Artiss

Sandra M. Baldwin

Jennifer D. Biggs

Anne Butterworth

Sheila M. Callewaert

Dorothy C. Clark

Doris A. Court

Margaret Cox

Elsie Davies

Janet I. Elsmere

Margaret Green

Christine C. M. Helliar

Constance Hunt

Penelope K. Leech

Lucille V. Legg

Susan C. Maddy

Ena M. Nicholls

Sheila O'Reilly

Dorothy G. Palk

Mary J. Paynter

Verona A. Roberts

Olive Sparkes

Anne Vessey

Lucille Y. Ward

Pamela Whitfield

Margaret P. Wittingham

Jane H. Wright

Ruth Hunt (Secretary)




Appendix II: Interview with Mrs (Lucille) Vera Wiltsher
Interview collected by the author (GP) at Rothamsted Research on 1st September 2011.
GP: You began to work in the Rothamsted statistics department in 1961. Which kind of education and professional background did you have when you arrived here?
VW: I went to college, after I went to school, and I got a GCE in accountancy, so I was familiar with numbers. When they advertised the job they said a liking and aptitude for numerical work was the main thing, that’s why I came here.

GP: Did you work somewhere else before coming to Rothamsted?
VW: Only temporary jobs. When I arrived at Rothamsted I was just about seventeen.

GP: Which kind of duties did you have?
VW: We were employed as data processors, which means we assisted in running the computer. I worked with the Elliott 401 at the beginning. It was not a computer like today, we used tape and we had to learn all about it. You had to punch the tape, and then you put it through the verification program. Another person would find out any mistakes you had made. Also you had to do a lot of hand-work because the output we were getting was not very sophisticated, so you had to do a lot of calculations, standard errors etc. To do all these computations we used the calculating machines that are still in the archive [of the current Biomathematics and Bioinformatics department]. Mainly we used Monroe calculating machines. The first time I was here for six and a half years – I left in February 1967 – you had to do a lot of these hand calculations, areas, conversion factors and things like that, and it was very interesting. You had to work with a colleague because everything was doubled checked. I really liked it. I was busy all the time. 
GP: Did you work also with the Hollerith equipment?
VW: No, that was a different section to us. When the first two computers arrived one was for running tape [the Elliott 401] and one was for punched-cards [the Elliott 402]. But when I came back in later years, in 1979, we were supposed to be doing the surveys. This work had always been done on cards and so, all of a sudden, we had to do it on cards and it was so different from anything we had ever touched before.
GP: In 1961 the department was housed in Rivers Lodge and the computer in the near-by hut. Where did you work?
VW: I was in Rivers Lodge to start off with, but our equipment was in the hut, as you said. The computer was there and also the machines for punching the computer tape were there. Rivers Lodge was basically a house made into an office and it was not possible to have all the machines there because they would have made so much noise!

GP: With how many people did you interact for your job?
VW: With my manager and colleagues in charge of the data processing. I think there were about six of us. We had computing machines on our desks in the office, but if we needed to punch the tape, we had to go to the hut. In the assistant staff there were young people like me, but also older ones. I remember one who to me was old because she was my mother’s age and she came after I had started.
GP: How much was your salary?
VW: It was about twelve pounds per week. It does not sound much now, but it was all right then. 
GP: How was your work organized?
VW: My manager would receive data either from the [Rothamsted] farm or from people who were doing experiments at Rothamsted or in other institutions such as the John Innes Institute and then he would write a set of instructions that went round the data and he gave these to us and we had to insert the data to prepare a roll of tape. Then you had to verify the tape just to make sure that it was all right. And than, after the manager had looked at the data tape and thought it was all right, he would put it in a box with the program tape and it was sent to the computer [Elliott 401]. I used to do overtime on the Elliott 401 so I was actually running it [out of office hours]. You put the program tape in and than you run the tape and you got an output tape, which you had to print out. The printer was just a sort of typewriter. 
GP: What happened when something went wrong?
VW: Well, it might happen that my manager had made an error in programming and so the output tape would say “Failed”, that would be the only way you would know. But we did not often make mistakes. 

GP: During you first stay the statistics department moved also to another building...
VW: We were in Rivers Lodge for about a year before we moved into the new building of the department. At that stage arrived also the new computer, the Orion. I did not actually run the new computer, but I helped for overtime work – go and get magnetic tapes and so on. I think that with the Orion the number of people working on the data processing increased from six to eight.
GP: Which kind of interaction did you have with the people in charge of the scientific work of the department?
VW: We actually did not have anything to do with the scientific side, we just did the punching of the tape and verified it, and the tape was sent off to be run. If there were any mistake, our boss would just say “you need to change that” and you did as requested.

GP: Did you have any technical knowledge about the computer?
VW: No, not really. But I loved to work on the 401 because you were producing everything. With the Orion instead you had not to do hand calculations because the computer did all by itself and also the output was much more sophisticated. If you think that I was born in 1944 and the 401 arrived in the 1950s... When I came here for the first time and I saw these two computers [the 401 and 402], they were just like metal cabinets, valves and wires and stuff like that. I just thought it was wonderful. 
Abbreviations used in the chapter
ARC = Agricultural Research Council

AIC = Agricultural Improvement Council

NAAS = National Agricultural Advisory Service
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