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INTRODUCTION 

The purpose of this paper is to suggest that the training of computer  pro- 
grammers might be improved by developing training requirements and course 
curricula through analyses of the attributes of typical information system devel- 
opment phases. This approach differs from, but would complement,  the existing 
method of deriving training requirements from analyses of the tasks and skills 
associated with job  categories. 

At  the present time the training of systems personnel is derived from distinc- 
tions made among such job  categories as keypunch operator,  computer  opera- 
tor, computer programmer, systems analyst (sometimes referred to as systems 
designer) and supervisor or manager of data processing. Some of these job  cate- 
gories are also thought of as constituting a career  ladder. Typically,  an individ- 
ual 's career may begin as a computer programmer and progress to the higher posi- 
tions of systems analyst and, ultimately, manager of a data processing group or 
service facility. In this paper we shall limit our concern to this career sequence 
from programmer to manager of data processing, since it constitutes the most 
difficult area for the training designer or educator. The tasks performed by opera- 
tors (keypunch, tabulator, computer,  verifier, etc.) are relatively well defined and 
widely accepted by contrast. 

There is much dissatisfaction with the existing training provided for com- 
puter programmers. The general situation has not improved notably in recent 
years. In 1965, a report on electronic data processing published by the American 
Management Association stated that the "lack of trained EDP personnel is one 
of the foremost problems today . . . .  Too few data-processing courses are being 
given, and the lack of agreement about qualifications for a programmer or a sys- 
tems man does little to alleviate the shortage. ''1 

As recently as September,  1968, a University of Colorado study of the im- 
pact of automated data processing on educational institutions concluded that 
"data  processing personnel need to be oriented to the total systems approach in 
business and the schools are not meeting the needs in training personnel for the 
many job opportunities in data processing in business. Much more effort needs 
to be exerted by school boards,  school administrators, teachers and state super- 
visors to inaugurate curriculums in data processing and to update the programs 
currently in existence. ''2 Uncertainty over the kind of training computer  pro- 
grammers ought to have has reached the point of rather acrimonious dispute be- 
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tween industrial employers of programmers and the operators of electronic data 
processing schools. The employers complain that the schools provide machine- 
oriented training when they should be offering systems-oriented training. The 
schools, on the other hand, criticize the employers for insisting that a program- 
mer trainee should hold a college degree and that they have failed to identify the 
specific training they require of programmers. ~' 

That there do exist inadequacies in the training of computer  programmers 
has been confirmed by the writer during the preparation of a recently completed 
history and evaluation of the development of a large-scale, computerized air de- 
fense system? One of the more interesting conclusions reached in this study was 
that many of the programmers who participated in the project lacked a systems 
viewpoint and were particularly weak in the area of systems engineering. 

Despite the plethora of words in recent years about the importance of the 
systems point of view, it is noteworthy that this perspective is conspicuously 
absent in the actual work of programmers and in the training they receive. A re- 
view of the training curricula for programmers reveals most typically courses on 
specific types of computers,  types of higher order languages and types of applica- 
tions. Variations in curricular content are geared to job  categories rather than to 
analyses of what may have to be done during specific phases of a system's  devel- 
opment. One cannot find a curriculum which takes two essential dimensions into 
consideration: (1) the job level the programmer has reached in his career; and (2) 
the phase of the system development effort in which he may or might be engaged. 
The widespread neglect of this latter dimension may be attributed to the notion 
that once a programmer has been trained to design and code computer  programs, 
he can learn to operate effectively in any  system development phase as part of 
his on-the-job experience. However ,  it is suggested that this approach to pro- 
grammer training is no longer adequate. We now know enough about the general 
phases of system development so that we can begin to relate programmer train- 
ing not only to job categories but also to system development phases. Table 1 pre- 
sents a matrix which systematically relates programmer tasks and functions and 
the training requirements derived therefrom to system development phases. The 
phases which appear  in the left-hand column of the table are taken from a pre- 
vious work by the writer in which five phases were identified: requirements, de- 
sign, production, installation and operations. 5 The last phase, operations, is not 
discussed in this paper since it has little relevance to our purpose. 

In the balance of this paper, we shall review in sequence the typical tasks 
and functions performed by the systems man or woman during the system devel- 
opment phases and also suggest the training requirements implied by those tasks 
and functions. 

It is not possible or necessary to review here all of the training requirements 
which are listed in the right-hand column of Table 1. In the following pages we 
have selected for discussion only those aspects of training which are believed to 
be the most neglected in existing formal courses of instruction for systems people 
and which might be regarded as the most controversial. 
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Table 1. Relationship of Training Requirements to System Development Phases 

Development Phases Tasks and Functions I Training Requirements 

System Requirements 
Phase 

System Design Phase 

Production Phase 

Installation Phase 

Interaction with top managers 
and administrators; determina- 
tion of user objectives; analysis 
of user organization; analysis of 
user system requirements; evalu- 
ation of alternative system con- 
cepts;  deve lopmen t  of  long- 
range system acquisition plan; 
analysis of future requirements; 
preparation and writing of sys- 
tem specifications; "selling" sys- 
tem plans to top management in 
user organization. 

Translate system specs into sys- 
tem design requirements; allo- 
cate operational functions among 
men, equipment and computer 
programs; preparation and writ- 
ing of system design specs; deter- 
mine requirements for person- 
nel, training and system evalu- 
ation; development of a test plan 
for system qualification and ac- 
ceptance. 

Translate system design specs 
into computer program design 
specs;  design compu te r  pro- 
grams; code programs; prepare 
flow diagrams and program de- 
scriptions; test and debug pro- 
grams; test groups of related pro- 
grams; test total program sys- 
tem; document computer pro- 
grams for system maintenance, 
configuration management, and 
hand over to users. 

Prepare installation plan; pro- 
vide system orientation and train- 
ing for users; install system in 
operational environment; test, 
debug and evaluate system; rec- 
ommend design changes; con- 
figuration management. 

Ability to interact with top man- 
agement; i n t e r v i e w i n g  tech- 
niques; organization theory; cul- 
tural differences; systems engi- 
neering; systems analysis; cost 
benefi t  analysis ;  forecas t ing 
methods; writing ability; sales- 
manship; oral presentation. 

Systems engineering; systems 
analysis; equipment capabili- 
ties and constraints; simulation 
and modeling; task analysis and 
human engineering; testing meth- 
ods and techniques; organiza- 
tion and job design; training 
methods and techniques; train- 
ing methods and techniques writ- 
ing ability. 

Computer program design; flow 
charting; equipment capabilities 
and constraints; personnel capa- 
bilities and constraints; testing 
methods and procedures; de- 
sign of test tools; computer pro- 
gram and testing documentation; 
writing of user guides and man- 
uals; training aids and materi- 
als; configuration management 
procedures and documentation. 

Human relations; capability to 
provide instruction and conduct 
training at all levels of user or- 
ganization; testing and evaluation 
methods and techniques; con- 
figuration management proce- 
dures and documentation; scien- 
tific method and statistics. 
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SYSTEM REQUIREMENTS PHASE 

An examination of the training requirements cell associated with the re- 
quirements phase (see Table 1 ) suggests some of the inadequacies in current train- 
mg programs for computer programmers. In terms of the systems man's career 
ladder, the tasks and functions required in this phase are normally expected of 
the ~ystems analyst and the manager of data processing. Where do persons in 
these job categories receive the training to perform these tasks and functions 
effectively? Presumably they do so as programmers through on-the-job experi- 
ence in a variety of system development projects and by supplementing this 
experience with available company-provided, in-house training (in systems engi- 
neering, systems analysis, etc) or by taking extension courses in a local college 
or university (if one is nearby). Unfortunately, this experience and training are 
not always acquired. 

What formal training does the average computer programmer receive to pre- 
pare him for the day when he assumes responsibility for determining the system 
requirements for a user who is the head of a large military command and control 
system, a large university, a major industrial corporation or a government agency 
or bureau? Does he come equipped with skills in the area of human relations? 
Does he know how to interview top managers and administrators about their 
ggals and objectives, their decision-making criteria and their organizational style? 
Has he been prepared to sell his system ideas, once he formulates them, to these 
same top managers who may be skeptical of what electronic data processing can 
do for their organization? The answers to these questions, of course, are either 
negative or difficult to determine. 

An official of a commission of the United States government recently stated 
at a luncheon seminar to which the writer was invited that the basic problem 
faced by his organization in developing a computerized information system was 
not technical but organizational. The knowledge to solve technical problems is 
available, he maintained. But he could not get his various department heads to 
agree on standardized data formats and records. This was the area in which he 
needed professional help which his systems men apparently could not provide. 

The systems analyst should be trained at some point in his educational career 
to anticipate that in large-scale organizations there is a spectrum of structural ar- 
rangements from a highly centralized bureaucracy at one extreme to a loosely 
structured, decentralized organization at the opposite extreme. One may, for 
example, contrast the type of centralized organization represented by a military 
command and control system with the decentralized organization represented by 
a state university. Business enterprises may vary in structure anywhere along 
this spectrum. The determination of user requirements poses many different 
problems for the systems man depending upon where the user's organization 
falls along this spectrum. A major need of the analyst, for example, is to find a 
key authoritative spokesman from whom he can obtain legitimate user require- 
ments. In a centralized organization this may be relatively easy, while in a de- 
centralized organization extremely difficult. In an organization characterized by 
autonomous departments the systems man may find himself in the awkward po- 
sition of attempting to establish standardized procedures, data formats, machine 
outputs and reports for department heads who insist on their own unique needs 
in these areas. Is the analyst equipped by his training and education to cope with 
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problems of this nature? Apparently not, according to the government official re- 
ferred to above. 

Where shall the systems group be located in the user's organization? One 
study shows the location of the systems group at any one of five different levels 
below the level of top management. ~ This same study also found that these loca- 
tions frequently changed as management gained experience with the new system. 
At the present time the decision of where to locate the systems group is usually 
made by the user's top management on the basis of largely irrelevant criteria. 
Should systems men participate in this type of decision? We believe they should, 
since this is an aspect of the total system design activity. But where does the sys- 
tems man obtain the necessary training to be able to make such a decision? Cer- 
tainly he does not get it in current courses of instruction for computer program- 
mers. 

It might seem farfetched to suggest that programmers who may eventually 
become systems analysts ought to receive some training in cultural anthropology 
as well as organization theory. But the phenomenon of "culture shock" is not an 
uncommon experience for systems people suddenly immersed in the military sub- 
culture, in a federal bureaucracy, in the cloistered halls of academia or in a for- 
eign country. 

The following event actually occurred (circa 1960), although in the light of 
recent history it is increasingly hard to believe. During the system requirements 
phase in the development of a large-scale, computerized military command and 
control system, a systems man doing an organizational analysis was required to 
visit the command headquarters, a very security conscious facility. This particu- 
lar analyst was distinguished by his very black, very bushy beard. He was ob- 
served by the military commander in the command headquarters facility. The 
commander's reaction to the analyst's appearance was to forbid him any further 
access to the headquarters facility despite the fact that this made the analyst's 
work impossible to conduct. Later that evening the writer found himself attempt- 
ing to placate and console a very distraught analyst who simply could not under- 
stand the military commander's attitude towards black and bushy beards. The 
writer had to explain that in the military sub-culture heavy, black beards were 
symbolic of the enemy and the well-shaved face a component of the class A uni- 
form. He capitulated against his will and shaved the beard off. Some sensitivity 
to sub-cultural differences might have saved him considerable anguish. 

While this story may seem more amusing than didactic, the same point may 
be brought out more clearly by noting that many programmers and systems ana- 
lysts, trained in the United States, are working on management information sys- 
tems in Europe and on various types of system development projects in such 
exotic countries as Vietnam and Thailand. In addition to the language barrier, 
which is formidable enough, the systems man dealing directly with the user should 
be sensitive to cultural differences which may have a bearing on his work. In his 
study of European executives, David Granick reports that modern industry in 

four major countries operates within a social structure which antedates modern 
industrialization. 7 The basic theme of the book is that there are differences "be- 
tween national concepts as to the role of management in industrial firms. ''" Thus, 
in England, for example, the "amateur theory of management" is dominant. Study 
of the classics and the arts is considered to be most appropriate for the future 
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top manager. Management is regarded as an art, and there are no accepted "prin- 
ciples of administration." Since management is regarded as an art and not a sci- 
ence, there is little interest in managerial training and professional conferences. 
A reading of Granick's description of the typical English manager suggests that 
the problem of obtaining system requirements information (organizational objec- 
tives, decision-making criteria, etc.) which the systems analyst finds difficult and 
frustrating in the United States would be even more difficult and frustrating in 
England. I n France, top managers are drawn from a handful of engineering schools 
and the attitudes of French managers are quite different from their English coun- 
terparts and so on. It would help the analyst if he had some forewarning of such 
cultural differences. Needless to say, he receives no such training at the present 
time. 

A major feature which distinguishes information systems from other types 
of systems is that they are experimental or evolutionary in nature. They are con- 
tinuously subject to change due to changes in operational requirements, addi- 
tional applications, the introduction of more sophisticated equipment, etc. Mili- 
tary systems are characterized by a series of new "models" or "versions," each 
new model or version built upon the foundations of earlier ones. In business sys- 
tems there is rather typically an enlargement of the scope of the system. One 
begins with an initial application, such as payroll, and gradually incorporates addi- 
tional functions until what is called a "total integrated system" is achieved. This 
experimental or evolutionary nature of information systems implies that during 
the requirements phase the systems man needs to be able to forecast future user 
system requirements and to be able to prepare long-range plans for the addition 
of new capabilities to the initial system. Forecasting and long-range planning are 
specialized skills and include a variety of techniques. Training in these skills and 
techniques should be provided to systems men on a routine, formal basis. This is 
not the case. 

SYSTEM DESIGN PHASE 
During this phase of the system development effort, the systems man is con- 

cerned with translating the system specifications written during the previous 
phase into design specifications which will be used as the basis for detailed com- 
puter program design. The total system will be composed typically of a number 
of basic segments: the computer(s) and peripheral (input/output) equipment, com- 
munication networks, buildings or facilities, personnel and the computer pro- 
grams. To attempt to simplify matters, we shall confine our remarks to the de- 
sign of the computer programs at the system level recognizing, however, that the 
programs must successfully interface with the other major system segments in 
the operational environment. 

In a large-scale military system development project, the design of the vari- 
ous system segments may be the responsibility of different contractors. Let us 
assume for our discussion that one contractor is designing the entire system. Or, 
as is commonly the case in industry, the computer has been selected and the sys- 
tems men are only concerned with developing the computer programs involving 
system inputs, data processing and outputs. 

A major design effort which occurs at this point is the allocation of opera- 
tional functions (accounts payable, inventory control, billing, payroll, planning, 
etc.) to equipment, human beings or computer programs. Here we encounter 
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such issues as whether a human being or a computer program should make a deci- 
sion of a certain type. In the case of planning we may assign this task to a human 
operator; in the case of inventory control or billing we may assign it to the com- 
puter programs. System design brings us to the crucial area of interface between 
human operators on the one hand and the computer programs and equipment on 
the other. 

A number of inadequacies in the training of the systems man becomes appar- 
ent at this stage. These include: (1) systems engineering for the total computer 
program system, which in a large-scale system may be composed of hundreds of 
separate programs and subroutines; (2) test planning against performance criteria 
in the system specifications; (3) personnel related features such as human engi- 
neering, task analysis, personnel requirements, training requirements, and job 

and organizational design, and (4) the writing of design specifications. 

1. Systems Engineering 

The systems analyst who has graduated from the rank of computer program- 
mer is unlikely to have had adequate training in the wide variety of available sys- 
tems equipment - not only computers but all manner of input and output de- 
vices, consoles, displays and communications. While this hiatus in his training 
background is understandable, it is more difficult to accept inadequate prepara- 
tion for the systems engineering of the total computer program system by itself. 
The fact is that it is much simpler to talk and write about the virtues of a systems 
viewpoint, of designing total integrated systems, than it is actually to design and 
produce a system. If the system under consideration is composed of, say, one 
hundred different programs, one must inevitably fragment the total design task 
among groups of designers. These groups are usually assigned responsibility for 
different operational functions - in military systems such functions as air sur- 
veillance, tracking, weapons control, etc., and in business systems such functions 
as payroll, billing, production control, etc. The designers tend to become spe- 
cialists over time in one or another of these various functions. The consequence 
of this fragmentation of tasks and specialization by functions is that comprehen- 
sion of and control over the total computer program system tends to be dissi- 
pated, if not lost altogether. The ultimate dismal result too frequently is that the 
system after it is produced fails to meet the system specifications. A basic system 
specification such as computer operating (cycle) time may not be met; or reports 
may not be timely, or accurate enough, or relevant to a decision-making function, 
despite the fact that these requirements are stated in the system specifications. 
Appropriate training, it seems to the writer should make it possible for system 
people to anticipate such problems; to be alert to the consequences of job frag- 
mentation and specialization; and to realize the need for some individual or group 
to conduct the systems engineering function throughout the course of system de- 
sign. 

2. Test Planning 
One of the most difficult aspects of system design is to develop a test plan 

whereby both the contractor and the customer can be assured that the computer 
program system yet to be designed will, in fact, conform to the system specifica- 
tions. For reasons which are not too clear to the writer, these are relatively neg- 
lected areas of training for computer programmers and systems analysts. By test- 
ing in this context the writer is not referring to the debugging which a program- 
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mer normally performs in the course of writing the simplest type of program but 
rather to the system level in which testing must be conducted to ensure that inter- 
dependent programs will, in fact, operate as a multiple set to perform a system 
function. 

Where or when in his career  is the typical systems man taught to design a 
test plan in which the customer will be able to trace the relationship between an 
operational function in the system specification and a particular computer pro- 
gram? Typically,  as a result of the system design translation of system specifica- 
tions, there is no one-to-one relationship between operational functions and com- 
puter programs. Yet the user has the right to know how each program satisfies 
some functional requirement. In the military area this question of " traceabil i ty" 
has become a critical one. It may be less of a problem in today's  smaller-scale 
business systems. But as the trend toward "total integrated systems" in business 
continues, one suspects the problem of designing satisfactory test plans will also 
become increasingly important. 

Task analysis is an essential preliminary step in the determination of per- 
sonnel requirements, operating procedures,  training requirements and job and 
organizational design. This is a highly specialized skill for which the systems man 
receives little or no formal training. This problem is addressed in the following 
section. 

3. Personnel Requirements 
In a previous section the typical organizational problems encountered in a 

system development effort have been touched upon and will not be discussed 
further here. People, of course, make up the organization. In large-scale military 
systems, the problem of people tends to be neglected by the programmers and 
systems analysts, partly because they have not been trained to consider people as 
components of the system. Problems related to people may be dealt with by other 
specialists known as "human engineers," "human factors" personnel, "training 
specialists" or by an outside consulting or training organization. These types of 
specialists handle such matters as task analyses, the design of operating proce- 
dures and the design of console switching arrangements and graphic displays. 
They prepare job  descriptions and develop training requirements and training 
programs. They write training guides and user manuals. They may also conduct 
training operations. 

This raises the question of who performs these skills and functions for smaller 
systems in industry, for example, when the funding of the development project 
does not permit hiring specialists or consultants of the types referred to above. 
Presumably in such cases, the systems analysts must be prepared to perform 
these skills and functions. On what basis does the computer  programmer work- 
ing on the design of a business system determine the allocation of functions to 
human beings or computer programs? Presumably such decisions would have to 
be based on an understanding of the capabilities and limitations of human beings. 
But it is not clear where the systems man obtains this sort of information in the 
course of his formal training. 

4. Writ ing Design Specifications 
In any system development effort there eventually comes a time when the 

systems staff must write a document which describes the system to be built. The 
design specifications state how the computer programs will perform the system 
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requirements. This is a traumatic point in the typical development process. The 
design specifications must be intelligible to two entirely different kinds of  peo- 
ple: the customer or ultimate system users and the computer  programmers. Thus 
it must be both written in English (if that is the user 's  language) so that the users 
will be able to understand how their needs for data processing will be met, and 
it must be written in logical and quantitative terms which can be translated into 
computer  programs. 

Certainly it is no surprise to anyone that computer programmers as a group 
are not particularly skillful writers. If they were, they might have chosen some 
other profession. And when they graduate up the career ladder to systems analyst 
and data processing manager, there is no noticeable improvement in their lin- 
guistic skills. Here we have a formidable gap in training. The writer is not only 
referring to the fact that the secondary schools and the colleges could do a better 
job  in teaching Americans to write their own language at least as well as Euro- 
peans who have studied English appear  to be able to do. We want to emphasize 
here that the importance of adequate and clear documentation describing the re- 
sults of system development work is not stressed nearly enough in formal courses 
of training for systems people. Programmers seem to have the notion that as long 
as they understand how their programs operate that will be sufficient. Nothing 
could be further from the truth. The systems man who cannot document his work 
effectively at the system design level will buy trouble from both ends - from 
the customer who may not understand how the design will satisfy his operational 
requirements and from the programmer who will design the computer  programs 
to suit himself, not the designer. Of course, in relatively small system development 
efforts, the system designer and the programmer may be the same person. This 
will alleviate part of the problem but not all of it. The customer will still have to be 
satisfied, and he will want to read about his system in a language he understands. 

P R O D U C T I O N  PHASE 
In this phase the computer  programmer has the responsibility of translating 

the system design specifications into computer program specifications and for the 
logical design, flow charting, coding and testing of the computer programs them- 
selves. Debugging of individual programs and testing of assemblies of interde- 
pendent programs constitute a major proportion of the work conducted by pro- 
grammers during this phase. Despite this fact, the training of programmers fo- 
cuses largely on program design, as such, rather than on the testing process. The 
consequences of this distorted emphasis is a tendency to neglect, in a large-scale 
development effort, the design and development of appropriate test tools, test 
procedures and test documentation. 

In a large-scale system development project it is not uncommon for the de- 
signers and the programmers to be two different groups of specialists. In this situ- 
ation, the test plan may be written by the designers (during the design phase) 
while the actual tests are conducted by the programmers (during the production 
phase). Unless there is very close coordination between the designers and the 
programmers,  one consequence of this situation is that actual test outputs may 
fail to match the outputs called for in the test plan. The typical task fragmenta- 
tion and specialization one finds in large contemporary "software" organizations 
may make such coordination difficult if not impossible. The writer suspects that 
if the training of systems men stressed the importance of the testing function more 

73 



than is currently done, this type of problem would occur less frequently and 
would be less serious. One might find, for example, that the designers had pro- 
vided the programmers with appropriate test tools, such as simulation programs, 
early enough in the development schedule to facilitate program testing. In addi- 
tion, such training would make designers more sensitive to the important role 
played by good and complete test documentation in successful computer pro- 
gram testing. As matters now stand, test documentation is regarded as a secon- 
dary and onerous chore, whereas program design is regarded as the primary and 
most rewarding task. But a computer program with errors in it is obviously of no 
use to anyone. At a minimum, test documentation should include a test plan, re- 
ferred to earlier, a document describing the test procedures to be employed in 
conducting the test plan, and a document describing the test results with recom- 
mendations for changes. The latter two documents,  of course, are prepared dur- 
ing the production phase. The total subject of test documentation should play a 
major role in computer programmer training. 

Another  major problem during the production phase is writing a complete 
and accurate description of the computer  programs that have been produced and 
then maintaining that description as the programs continue to change throughout 
the production process. As we have noted, systems composed of computer pro- 
grams are characterized by experimentation and evolution. It is commonplace,  
as noted earlier, for the customer to request new programs, modifications to pro- 
grams, new operational functions or applications and even to introduce major 
equipment changes while the production phase is in progress. Thus, in addition 
to the problem of teaching programmers to be able to describe their programs 
in intelligible language, to which we have already referred, there is the addition- 
able requirement to teach programmers the subject of "configuration manage- 
ment." 

Configuration management is a term used in the Department  of Defense to 
refer to the processes of identifying, accounting for and controlling contract  end 
items, including computer programs. Nonmili tary systems have the same require- 
ment for configuration management, although their designers may not use that 
expression. The processes of identifying, accounting for and controlling computer  
programs begins during the first system development phase and continues through- 
out the life of the particular system. It is during the production phase, however,  
that major difficulties are encountered in maintaining an accurate and complete 
system description. Despite the importance of configuration management for all 
types of systems, this is a subject that is not typically taught in formal courses for 
computer programmers. 

INSTALLATION PHASE 
The installation phase is that period of time between the production of the 

system elements and the beginning of operations using the new system. Whereas 
military systems may allow for a period of installation prior to the operational 
date, business systems are more likely to be installed in the midst of on-going 
operat ions? The comments in this section are particularly relevant for the latter 
type of situation. 

A typical installation phase for a large-scale system will include the follow- 
ing activities: (1) instruction of the users in the new system's  characteristics; (2) 
a period of trial operation of the system by the users with the assistance of the 
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system's developers, and (3) a period of test and evaluation of the system's opera- 
tions in the live environment against the requirements documented in the system 
specifications. 

The outstanding feature of the installation phase is the high frequency of 
interaction between the developers and user personnel. In this respect, the phase 
is comparable to the initial requirements phase. Thus, skill in human relations, in 
addition to technical expertise, is a primary requirement for systems people. 

A major source of potential tension between systems and user personnel at 
this point is the presence of errors in the computer programs. Typically the users 
do not expect to receive computer programs which contain errors. Unfortunately 
this is what they frequently get. Experienced programmers know that despite ex- 
tensive testing during the production phase, the programs will not be error-free. 
Some errors will inevitably be found when all the programs are run in the opera- 
tional environment. The most thorough testing will not anticipate all the outputs 
which are potentially possible when a large number of programs interact. 

In addition, inexperienced user personnel are now also interacting with the 
computer programs, and they will contribute their share of errors. Additional 
errors may be introduced as a result of equipment malfunctions. Locating the 
true source of system errors may become a time-consuming and laborious pro- 
cess. Hard feelings may be commonplace as the users blame the computer pro- 
grams for errors which could not be anticipated; as they blame the computer pro- 
grammers for errors caused by inadequately trained users; and as they attribute 
system failures caused by equipment malfunctions to the computer programs. 

The point here with respect to the training of systems people is that they not 
only need to be prepared for their day-to-day relationships with the users, but 
they must also be trained to be able to design and implement orientation and 
training programs for them. The need for such programs will, of course, vary with 
the level of user experience with computerized systems. Initial difficulties with 
new computerized systems have in the past been frequently due to inadequate 
orientation and training of user personnel. These difficulties might have been 
avoided, and may be avoided in the future, if the systems people are trained to 
recognize their responsibilities to prepare the users in advance for a trial period 
which will ensure a smooth transition from production to operations. 

Since the new system will most likely alter relationships among individuals 
and groups in the user's organization, the installation of the system can be ex- 
pected to arouse feelings of anxiety and insecurity. Outright resistance to the use 
of the new system is not uncommon. The orientation program should have as a 
major goal the relief of such feelings through an educational process which not 
only describes the new system and its operations but also clarifies new organiza- 
tional procedures and interactions. Alterations of individual status as a result of 
computerized operations will not be taken lightly by the users, especially if they 
find themselves lower in the social pecking order than they were before the sys- 
tem was installed. Here again we touch upon the issue of sensitivity to organiza- 
tional factors which should be a recognized and prominent part of the training of 
systems people. 

With the beginning of operations in the live environment, the system "as 
built" can now be tested and evaluated against the performance criteria in the sys- 
tem specifications. Events have shown that large-scale computerized systems 
are, as we have noted, experimental and evolutionary in nature. If this is so, the 
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skills and knowledge the systems people bring to bear at this point in the system's 
development should include experimental design and statistics/° The system de- 
signers should be able to design exper imen t s  to prove, for example, that time- 
sharing is more effective and less costly than batch processing for a particular 
type of operation, or to demonstrate that a change to the executive routines may 
substantially reduce program operating time, etc. Indeed, the entire subject of 
system evolution under planned control by the system's developers and/or users 
deserves a prominent place in the curricula provided for systems people. This is 
not now the case. 

C O N C L U S I O N S  
I. In addition to the determination of training requirements for systems person- 

nel by job categories, this paper suggests that another dimension of such re- 
quirements can be obtained by analysis of the attributes of typical system de- 
velopment phases. 

2. One may conclude from the approach taken in this paper that the education 
and training of systems people should be a lifelong continuous process rather 
than a onetime thing. Phases of education and training need to be created 
which match in content and timing associated phases of system development. 
It should not be assumed that because a programmer has been successful dur- 
ing a production phase he will be equally successful during a system design or 
requirements analysis phase. 

3. Personnel specialists ought to conduct research to determine the criteria which 
would lead to the selection of systems people suited to perform most effectively 
in each of the system development phases. 
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