Attitudes Toward Computer Software and Its
Exchange in the Pressure Vessel Industry’

A survey of computer software usc in the pressure vessel industry was conducted by
means of a questionnaire that reached 707 active professionals in the industry. 249
Silled-in questionnatres were returned. These were analyzed by standard statistical
techniques in order (o determine the following: the respondents’ background, the ex-
fent of their tnvolvement with computer software in pressure vessel analysis and design,
their altitudes toward compuler software and their atfitudes toward the creation of an
active technology transfer effort for that software. The study verifies thal a generally
posilive attitude toward software and ils exchange exisls among those who actually
write and/or use computers. However, it was found that supervisors of those who
write and/or use software would be unwilling to share most their programs with an
active technology transfer effort for software.

H. KRAUS

Professor of Mechanics,
Hartford Graduate Center,
Rensselaer Polytechnic Institute,
Hartford, Conn.

Mem. ASME

Introduction

The widespread use of computer software in modern pressure
vessel engineering, for example, is well known (see, e.g. [1]).
Analysis and design tasks which formerly involved great difticul-
ties have now become routine. Others, which were too complex
to consider have become feasible. Within the coustraints of
time, funding and machine capacity engineers can now con-
template just about any type of calcualtion.

This fortunate situation has not, of course, arrived without an
attendant set of new problems. Thus, the engineer is now faced
with considerations such as access to software, verification of
software, user qualification, duplication of effort and a host of
others.  These indicate that the computer has necessitated a
shift, from purely technical and theoretieal concerns to manage-
ment and administrative concerns. The verification of software
and the qualifieation of the user have been actively described
in several publications of the ASMIS Pressure Vessels and Piping
Division (2, 3]. The access and duplication of effort, problems
have also been tackled by several cooperative ventures such as
Project STORE of the Office of Naval Research, the COSMIC
Computer Center of NASA, the Argonne Reactor Code Center
of the ARC and the Library of Structural Mechanies Pro-
grams at ITTRI. Some of these efforts are described in [4).
These have been characterized as “passive’” activities in that
they have acted basically as libraries and have not participated

'Work supported by National Science Foundation Grant (iK-36084.

“Numbers in brackets designate References at end of paper.

(,‘onlri!g\nm! by the Pressure Vessels and Piping Division and presented
at the Winter Annual Meeting, New York, November 17-22, 1974, of Tux

.\.\?P:l(l(‘.\.\' Society or MEcHaNICAL ExaiNesrs.  Manuscript received at
ASME Headquarters, July 31, 1974. Paper No. 74-WA/PVP-].

Journal of Pressure Vessel Technology

in any way in the coordination, monitoring or development of
software.

A “dynamic” type of technology transfer effort for software
has recently been presented for discussion. In particular repre-
sentatives of the civil engineering community met in Boulder,
Colorado in 1971 to discuss such an effort for their profession.
The National Science Foundation sponsored this “Workshop on
Engineering Software Coordination’” {5-8] in order to explore
means by which software could be shared more widely. The
conference adopted the following formal resolution:

In principle, the Special Workshop on Engineering Software
“oordination recommends the establishment of a national
effort. to optimize common use of engineering software. We
further recommend the immediate establishment of a demon-
stration pilot program, initially limited to software for the
civil engineering profession and the related construction com-
munity, to: 1) collect, evaluate, and verify software from all
available sources; 2) to encourage the development of new
programs; and, if necessary, 3) to initiate the development of
new programs in order to advance the state-of-the-art. Pro-
grams determined to possess transferable merit would be im-
proved as required, would be translated into such form as will
facilitate their use by the engineering profession, and would
be made generally available to the profession.

Later on, the National Seience Foundation sponsored a survey
of the ASCEl by K. Medearis in which the feasibility of a so-
called National Civil Engineering Software Center was explored
9]. He concluded that the respondents to his questionnaire
favored 1o more than a center that provides information con-
cerning available software. e recommended further that the
ASCE establish such a center. Thus, the conclusions of this
particular survey were certainly not in accord with those of the
Boulder conference. This could be attributed to a difference in
population. The attendees at Boulder were the most active users
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and writers of software in the industry while the Medearis ques-
tionnaire went to the general ASCE membership.

As o result it became of interest to the NST to expand the in-
vestigation of the feasibility of the transfer effort further. Con-
sequently, it was decided to carry out the survey of the pressure
vessel industry whose results are reported here. Bince analysts
and designers in that jndustry tend to be affiliated with ASME
such a study would also bring a segment of that society into the
picture along with ASCE. To fix our ideas it is appropriate at
this point to describe in some detail the technology transfer
effort for software that is being presented for cousideration:

In contrast to much of recent experience with passive library
functions the currently envisioned technology transfer effort
would be more dynamic in structure and philosophy. It would
be endowed with the personnel, policy making, physical and
monetary resources that are required to accomplish the follow-
ing objectives:

1 To collect all engineering software developed under
publicly supported activities as well as through donation or
contractural agreements with private individuals and organi-
zations.

2 In cooperation with recognized technical-professional
committees, to separate those elements having a distinct
utility., These would be validated and then transformed by a
variety of processes such as documentation, translation,
testing and continued maintenance into packages suitable for
use in a wide variety of operational environments.

3 For other elements having a lower degree of general
utility, to provide cataloging and abstracting services.

4 To provide an effective distribution system (perhaps in-
cluding network and/or satellite concepts) with feedback loops
for all collected software elements.

5 To provide a reference source of documentation standards
suitable for voluntary adoption,

6 To conduet professional educational activities of the
type and level required to assure a continued and broad seale
growth of national capability in the practice of engineering
as related to utilization of the computer.

7 To provide a discernible, responsible entity to which
hardware and computer science specialists can turn for the
definition of new needs.

With this description in mind we turn to the results of our
survey. These will be presented in four parts. First, we discuss
the gathering of the data. Second, we present a summary of the
data. Third, we give statistically significant correlations in the
data and, fourth, we discuss the conelusions that are indicated
by the data.

thering The Data

Inorder to gain the desired information on the attitudes toward
software use and its exchange in the pressure vessel industry a
five-part questionnaire was designed and is reproduced in the
Appendix. This was sent to the most active engineers in the field
of pressure vessel analysis and design as covered hy the member-
=hips of the following professional groups:

1 American Society of Mechanical Engineers
A Boiler and Pressure Vessel Committee
B Pressure Vessels and Piping Division
I Design and Analysis Committee
2 Computer Technology Committee
¢ Policy Board—Communications
I Computer Technology Policy Committee
D Policy Board—Research
1 Research Committee on Computer Software
£ Applied Mechanics Division
1 Committee on Computing in Applied Mechanics
lI  Pressure Vessel Research Committee
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4 Main Committee
B Design Division
I Subcommittee oun Shells

2 Subcommittee on Stresses in Ligaments

3 Bubcommittee on Reinforced Openings and Bxteryy
Loadings

4 Subcommittee on Bolted, Flanged Connections

5 Subcommittee on Elevated Temperature Design

6 Subcommittee on Piping, Pumps and Valves

As could be expected the memberships of these groups overlap
widely. After the duplications were eliminated a mailing of 707
questionnaires was sent out in February 1973. By the end of
August 1973, after two reminders had been sent out, the totg
number of filled-in respounses reached 249 or 36.6 percent.

The rate of return is itself interesting because it is virtually
the same as that obtained by Medearis in his previously citeq
survey [9]. He had a rate of response of 32 percent on a question-
naire made up of 17 questions, compared to our 148, which he
sent to 2000 randomly selected members of ASCE. In addition
another survey of computer software use by 360 members of the
ASCE Soil Mechanies Division was ecarried out by Woodward-
Clyde and Associates [10]. Their questionnaire had 20 questions
and they received 110 filled-in forms, or 30.6 percent. It thus be-
came interesting to investigate the significance of the roughly
one in three response that was experienced in our survey and,
indirectly, in the other two surveys.

After a consideration of several factors it was concluded that
the filled-in forms were received from persons who are actually
involved with computer software either as direct users and/or
writers or as supervisors of such people. The nonrespondents are
essentially uninvolved and, therefore, reluctant to fill in the
fairly long questionnaire. This conelusion was reached as follows:

Pirst, the ASME Boiler and Pressure Vessel Committee is
kngwn to have a large number of members who are in vessel
inspection, insurance or fabrication or who work for regulatory
agencies coucerning labor and safety in various state govern-
ments. These are not likely to be conversant with, or interested
in, software and its exchange. Second, one of our questions asks
the respondent to indicate the scope of his involvement with
software. The answers to that question indicate that 198 of the
respondents write and/or use programs or supervise persons who
do; that is 79.5 percent of the persons who filled in the form.
Furthermore, Medearis [9] found a similar percentage for the
rate of return (83 perceut) on a preliminary questionnaire that
he sent to 89 individuals who were actively involved with com-
puter software, that is, the attendees of the Special Workshop in
Boulder to which we referred previously. As a result we reached
our conclusions that our forms were filled in and returned hy
most of the individuals in our audience who had direct involve-
ment with computer programs. Apparently our survey and
those of Medearis {9] and Woodward-Clyde [10] have discovered
that about one out of three engineers in the industries covered
work with computers. Because of this we were also led to the
conclusion that the results of the survey should be meaningful.
Tn the next sections we shall discuss these findings and their
implications upon the creation of the contemplated technology
transfer effort.

Summary of the Response Data

The frequencies of response to each choice on the 148 multiple
choice questions are listed on the sample questionnaire that
appears in the Appendix. These data will now be discussed with
the goal of determining the background of the respondents, the
extent of thelr involvement with computer software, how they
feel about sof tware and their reactions to the proposed technology
transfer effort. After presenting the broad picture of the responses
here we will, in the next section, present statistically significant
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correlations i the data.

A glance at the frequency counts
in this particular section of the questionnaire tells us the following
information about the respondents:

| Personal Identitication.

1 While there is a large spread in their ages most of the re-
spondents are between 35 and 50 yr old. Correspondingly, more
yhan half have up to 15 yr of pressure vessel experience.

2 The highest degree earned by most of the respondents is
the M while the rest are almost equally divided between the
Bs and the PhD. Virtually all respondents studied engineering.

3 Almost all of the respondents are employed by corporations
in ihe power generating equipment industry. Most of these are
concerned with nuclear, as opposed to conventional, power gen-
eration. However, many indicated both. The single occupationat
deseription that describes their work 1s technical management.
However, when design engineering and R&ID engineering are
combined the total is greater than for management.

4 The vessels dealt with by the respondents are of the ad-

vanced type which operate at elevated temperatures, in a radia-
tion environment at pressures above 1000 psi.
5 The professional involvement of the respondents is high.
More than half belong to 1 to 3 professional committees, while
four out: of five belong to at least one. About half of them attend
1 to 3 technical conferences per year. They read a technical
publication at least weekly and many do so daily. About half
of them attended a formal course within a year prior to the
survey.

In thix section we sought to deter-
mine some details of the respondents’ involvement with computer
software.  Here we found that most of them actually use com-
puter programs or supervise people who do. Moreover, they arve
involved both in writing programs and in using programs written
by others. They have been doing this well over three years.
Other, very general, conclusions follow:

1l Computer involvement,

I They are involved with programs of all sizes and besides
writing programs and using other people’s programs many also
modify other people’s programs.

2 Most of the respondents learned computer program writing
and usxe on their own. Many also learned from courses in their
organization or in universities.

3 Many of the respondents use the computer daily, their
problems run mostly in minutes and they perfer to receive their
results the same day or the uext day. The computer they use
is generally located in their own building or nearby, it is accessed
by taking the deck to it or hy terminal and it is not operated by
their department.

When the respondents use programs written elsewhere the
following facts are noteworthy:

b They find out about such programs mostly from colleagues,
techunical publications and conferences,

2 The programs are mostly purchased or given to them by
colleagues.

3 The use of the programs is learned by study of the manual
or by obtaining instruction from the colleague.

1+ The validity of the deck is generally verified by running a
problem solved previously or by performing an experiment.

5 Many problems are encountered when other people’s decks
are used. The main ones appear to be documentation machine
compatibility, programming errors, input preparation and output
interpretation.

When the respondents write their own programs this takes up to
12 man-months of effort in most cases. They tend not to train
users of decks outside of their organizations,  Moreover, their
decks tend not to be used too much outside of their organizations.

We also sought to determine which computing equipment was

being used in the pressure vessel industry. Not all respondents

Journal of Pressure Vessel Technology

supplied this information while many used more than one
machine. Thus, the Central Processor Units used by respondents
to the survey are listed in the forthcoming. Note that these are
not numbers of CPU’s since many large organizations were
represented by more than one respondent.

Central Processors Cited by Respondents

IBM: 370 - 46

360 - 43

1130 - 10

Mise - 3

All - 104

CDC: 7600 - 32
6600 ~ 43

Mise - 17

All - 92

Univac: All - 26
GE-Honeywell: All - 22
DEC: All - 6
Burroughs: All - 5

i1l Attitudes Toward Use of Software. In this section the re-
spondents’ attitudes toward software were sought by making
certain statements about it and asking for reactions on a four-
step scale labelled “agree strongly,” “agree,” ‘‘disagree,” ‘dis-
agree strongly.” First, we observe that on the whole the respond-
ents ‘“‘agree strongly” only with the statement that the com-
plexity of modern pressure vessels makes computerized analysis
and design a necessity. There is no statement in part IIT with
which they “disagree strongly.”

They tend to agree that:

1 improved access to software will make their work easier
2 software developers make reasonable claims for the
capabilities of their programs
3 management generally favors computerized analysis and
design
4 engineers need aides to do computerized analysis and de-
sign
5 the engineering department has too little to say about
which computer gets purchased
6 computer programs shoud be proprietary
7 computer programs should be completely debugged before
release
8 professional journals do not pay enough attention to
computer programs
9 articles which describe computer programs are worthy
contributions to the liternture and should be published by
learned journals
10 programs should be endorsed by some reputable neutral
body in the industry
11 the industry needs a certification scheme to insure the
qualifications of software users
12 the available short courses on general purpose finite
element programs are valuable to the software user.
They tend to disagree that:
I lack of computer of sufficient capacity limits their ability
to take advantage of existing software
2 the cost of computerized analysis and design is too high
3 they do not have time to get involved with computerized
analysis and dexign )
4 most computer program manuals are adequately written
5 computer programs should be patentable .
6 The computing center administration is not responsive to
user needs.
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Note that some of the disagreements are with negative state-
ments. These were phrased in this manner to insure that the
questions were being read carefully. These responses indicate
a rather positive outlook regarding the respondents’ experience
with software. They feel that it could be given greater status
via publications, they are in favor of some type of neutral en-
dorsement of programs and certification of users. They are not
satisfied with program manuals. While they agree (slightly)
that software ean be proprietary, they do not think it should
be patentable.

1I¥ Attitudes Towards a Technology Transfer Effort for Software.
(tiven the background, the computer involvement and the at-
titudes toward software that were elicited in the first three parts
of the questionnaire this section was meant to determine the
respondents’ feelings toward a technology transfer effort for
software of the type that was described previously.

Using the same scale of responses that was used in part I1I
it was found that on the whole there was no sense of sirong
agreement or disagreement with a collection of statements that
describe the activities of the contemplated effort. The respond-
ents did not tend to agree with only one of the statements;
namely, that the staff of the effort should write programs to
fill gaps. The respondents tended to agree that:

1 absence of such an effort is a barrier to wider use of com-
puter programs in the industry
2 the effort should deal only in fully debugged programs
3 it should put on courses for the use of programs it stores
4 all programs selected should be written in the same
language
5 the effort should give financial support for the writing of
new programs to fill gaps
6 the effort should encourage the development of programs
to fill gaps
7 it should charge its clients for services
8 it should publish program manuals
9 it should publish a journal of articles pertaining to soft-
ware
10 the effort should buy programs from developers.

The responses to the other questions in part 1V indicated that
there were mixed feelings about sharing programs with the
effort. Half said they would share most or all of their decks
while half said they would share a few or none with it. It was
also felt that the effort should deal in programs of all complexi-
ties, that it should maintain the decks that it holds, that there
should be one national effort per technical field and that all
types of organizations of various sizes would benefit from it. As
to its operation the respondents felt mainly that programs held
by the effort should be accessed either by remote terminals or
by the mailing of decks to subscribers. They felt that the effort
ought to be run by a professional society although many favored
an industrial cooperative.

Finally, in response to a question on whether or not they
favor, in general, the creation of such an effort the respondents
voted yes 209 to 23 with 17 giving no response.

It thus appears that the effort and its various features and
activities have been endorsed by the writers and users of soft-
ware in the pressure vessel industry.

Y General Comments. Some additional insight to the re-
sponse was gained from the remarks made by 116 of the respond-
ents under Part V General Comments. For the sake of brevity
we shall not quote all of these comments. We will, however,
give our own summary of them,

We found that the general comments tend to express the same
feelings whether the respondent favored the creation of the effort
or not. The main sense of the comments is that:

I Organizations will not wish to relinquish their competitive
edge by sharing their latest software. Thus, the effort will be
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limited to programs that are behind the times.

2 Mauy were concerned with the problem of verifieatig,
which plagues the most sincere and honest efforts to share gyfy,
ware. One never really knows when the last bug is out of a degy,

3 Some felt that current efforts such as COSMIC, ITTR],
ete., are sufficient.

4 Many expressed the fear that one would never he able ¢,
obtain the level of funding that would be required to do the jq}
properly, especially at the outset.

These reactions consititute a significant modification of the
generally positive attitudes toward software and its exchange
that were shown by the answers to the multiple choice questiong,

Statistically Significant Correlations Among the
Response Data

At this point it is interesting to consider the possibility that
there are some statistically meaningful correlations among the
responses given to the questions on the survey. To determine
the existence of such correlations we applied the standard chi-
squared test to all of the questions two at a time. Using IBM
Scientific Subroutine CHISQ [11] on the IBM-1130 computer
we sought correlations at the 90 percent level of confidence and
higher, We will not go into the details of the chi-squared test
as its description would be beyond the practical scope of this
discussion. It is well described in many texts, e.g., Siegel {12).

In applying the statistical tests for significance we noted the
small numbers of response to many of the choices on the ques-
tionnaire. To maximize the chance of obtaining valid correla-
tions we therefore used the accepted statistical strategy of com-
bining respounse categories in many questions. For example, in
the questions which asked for reactions on a four step scale from
“strongly agree” to “strongly disagree” we combined the two
categories of agreement into one. Similarly, the two categories
of disagreement were combined into one. As a further illustration
we revised the age categories in the first question to three groups:
20-35, 35-50, over 50.

In view of the fact that there were 148 questions on the form
it is obvious that the number of correlations to be tested was
extremely large. Thus, it was necessary to limit this phase of the
study to a manageable yet important and interesting number of
questions. As a result we will discuss the correlation of the
responses with three basic questions. The first concerns the
identification of the typical individual’s involvement with soft-
ware. The second pertains to his willingness to share programs
with the contemplated effort. The third establishes his feeling
toward the establishment of the effort. In each case the study
is limited further by making correlations only with questions
that appear on the form before each of the three cited questions.

Question 2.1 Scope of Involvement With Computerized Analysis
and Design. Testing of the responses to this question and to
other questions that precede it on the form led us to conclude
that:

Writers and/or users of software generally,
1.1 are 20 to 35 yr old (0.999)
1.2 have an MS or PhD degree (0.999)
1.5 have 0 to 10 yr of experience (0.99)
1.17 serve on three or less professional committees (0.999)
1.19 last attended a formal course less than a year before the
survey (0.98).

Supervisors of writers and/or users of software generally,
1.1 are 35 to 50 yr old
1.2 have a BS degree

¥The number hefore the statement is the question number. The numbe}‘ in
parentheses after the statement is the confidence level. The latter are given
only once in each set of correlations.
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1.5 have more than 10 yr of experience

1.17 serveon 3 to 5 professional committees

1.19 attended a formal course more than a year prior to the
survey.

Those respondents who are uninvolved with software use and/or
writing generally,

1.1 are more than 50 yr old

1.17 serve on more than 5 professional committees

1.19 attended a course more than a year prior to the survey.

‘Thus, we observe that software is being written and/or used in
the industry by young highly educated persons with some pro-
{essional involvement. The supervisors of such people are older,
less educated but more experienced and professionally involved
than they are.

Question 4.12 Willingness to Share Programs With the Transfer
gffort. Correlations between responses to this question and
others preceding it in the survey led us to conclude that:

Those who would share all, or most, of their programs with the
effort tend to,

1.2 hold a PhD degree (0.98)

2.1  write and/or use software (0.95)

2.35 obtain decks from colleagues (0.95)

2.66 have decks available free of charge (0.999)

3.12  think decks should not be proprietary (0.93)

4.1 think absence of the effort is a barrier to wider use of

software (0.98).

Those who would share few, or none, of their programs tend to,
1.2 hold a BS or MS degree

2.1 supervise writers and/or users of software; hold views

on questions 2.35, 2.66, 3.12 and 4.1 that are opposite

to those held by people willing to share with the effort.

These correlations indicate a certain consistency of attitudes.
They show that those who would share are the highly educated
persons who are involved with the direct use of software and who
are used to operating in an open atmosphere. Those who would
not share are the slightly less educated supervisors of writers
and/or users of software who are operating in a closed atmos-
phere.

Question 4.31 Favor Establishment of Transfer Effort or MNot?
Responses to this question and to other questions preceding it
on the form indicate that:

Those who generally favor the establishmeut of the transfer effort
for software tend to,
2.20  find out about decks from clearinghouses (0.99)
235 get decks from colleagues (0.95)
3.18  favor endorsement of programs (0.999)
319 favor user certification (0.90)
4.1 think its absence is a barrier to wider use of software
(0.99)
4.5 want the effort to support the filling of gaps (0.95)
4,16  want the effort to maintain the decks it holds (0.95)
419 want access to the programs through remote terminals

(0.98)
+.12  be willing to share most or all of their programs with it
(0.999).

Those who do not favor the establishment of the effort hold
upposite views on all of the foregoing except question 4.19 where
they show no preference regarding access to the effort through
ferminals.

Asin the previous question these correlations indicate a certain
“peu, positive attitude on the part of those who favor the effort.
They are used to free exchange of information and decks, they
would share their programs and accept a need for user certifica-
fion and deck endorsement. Those who do not favor the effort
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have a consistently negative mode of operation.

As a summary to the correlations we may note that in all byt
one case the levels of confidence are, in fact, 0.95 or greate:.
They indicate, as we noted in the summary of the response dats.
that there is a fairly positive, open attitude toward software and
its exchange in the industry. One negative fact has, however,
beeh introduced into the conclusions by the result that super-
visors of software writers and users would share few or none of
their programs with the proposed effort. This coupled with the
additional correlation that the supervisors are more active pro-
fessionally than the writers and users indicates that they will
be likely to have a significant influence on any decision regarding
the creation of the proposed transfer effort.

Conclusions

We have surveyed the use of software and attitudes toward
its exchange among highly active professionals in the pressure
vessel industry. The rate of return vn our questionnaire indicates
that one out of three engineers in the industry is directly in-
volved with computer software either as a writer, user or super-
visor, This is in line with similar conclusions that were reached
about civil engineers in studies carried out by Medearis (9] and
Woodward-Clyde {10].

Many detailed features of the respondents’ backgrounds, use
of software, attitudes toward software and attitudes toward a
dynamic technology transfer effort for software were brought
out by their responses to 148 questions. These are described
in the foregoing and will not be repeated here.

The sense of our findings is that the respondents have an
overall positive attitude toward software and its exchange. They
favor 209 to 23 the establishment of the proposed technology
transfer effort for software. However, a study of the respouse
data, of the statistical correlations that exist in the data and of
the written remarks that about half of the respondents made
indicates that some significant conditions on this endorsement
exist in the pressure vessel industry. These, briefly, concern the
feeling that organizations will not share their latest software
with such an effort in order to maintain their competitive edge,
that the verification problem must be solved, that current efforts
are adequate and that sufficient funds to guarantee the success
of the effort will not be available. It was also found that those
who write and/or use software have a very positive, open at-
titude regarding its use and sharing with the contemplated effort.
On the other hand supervisors of such poeple would not be willing
to share programs with the effort. Since we also found that these
supervisors are more involved with professional committees than
are writers and users we can conclude that they will have the
greater influence on any decision regarding the creation of such
an effort.

Therefore, our findings tend to be similar to those of the
Special Workshop on Engineering Software Coordination [3]
but different from those of the Medearis survey [9]. The former
recommended a pilot program while the latter recommended
that no more than an information center for software be set up.

On the basis of our findings, as described in the foregoing,
that our respondents have endorsed, with conditions, the es-
tablishment of a technology transfer effort for software it is our
contention that the time is not yet right for a full scale attempt
to create the effort. To overcome the conditions that we have
discovered it is our conclusion that the pilot study recommended
by the Special Workshop [5] is the best way to begin the creation
of the effort. By demonstrating the operation of such a project
the industry will have a specific example to which they. can
respond. After that one will be able to decide whether or not the
reservations that this study has uncovered will in fact limit the
suecess of the effort.

Afterword

We should like to emphasize that the choice of data to discuss
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was our own as was the intrepretation of the general comments
written in by the respondents. Readers who wish to study other
correlations or to use the data should feel free to contact the
author.
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APPENDIX

Pressure Vessel Software Use and Attitude
Survey Questionnaire

We reproduce here the questionnaire that was used in our
survey. In each question the numbers (M) signify the response
frequencies for the various choices. Recall that the total number
of respondents was 249.

I Personal ldentification

1.1 What is your age?

1 20-25 () 4 35-40 (40) 7 50-55 (33)
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2 25-30 (8) 5 40-45 (36)
3 30-35 (58) 6 45-50 (31)

8 55-60 (23)
9 Over 60 (16)
1.2 What is your educational attainment?

1 High school diploma (12) 3 Master’s degree {103)
2 Bachelor’s degree (68) 4 Doctor’s degree (65)

1.3  What is the nature of your education?
1 Engineering (228) 4 Liberal Arts (0)
2 Science (4) 5 Computer Science (2)
3 Business (0) 6 Other (specify) (0)

1.4  What is the nature of your current occupation?

Technical managemen,
(69)
Consulting (22)

I Design engineering (49) 6

o

R & D engineering (38) 7

3 Test engineering (3) 8 Academic (13)
4 Materials engineering (16) 9 Produetion (0)
5 Computing (5) 10 Other (specify) (0)
1.5 How many years of pressure vessel experience do you have?
1 0-5 (54) 4 15-20 (27) 7 30-35 (9)
2 5-10 (48) 5 20-25 (28) 8 35-40 (4)
3 10-15 (1) 6 25-30 (20) 9 Over 40 (5)

1.6 What is the nature of your employer?
1 Corporation (180) 4 Foundation (4)
2  Government (34) 5 Self-employed (6)
3 University (12) 6 Partnership (5)
7 Other (specify) (6)

1.7  What is the nature of your organization’s business?

1 Conventional power equipment (9)
2 Nuclear power equipment (62)
3 Petrochemical equipment (10)
Process equipment (8)
Utility (16)
Aerospace (1)
Education (13)
Consulting (21)
Computing (1)
0 Other (specify) (0)

[~-2BR1 I N

m— O 0 =3

1.8  How many people does your organization employ?
1 Under 50 (32)
2 50-100 (10)
3 100-1000 (57)
4 1000-5000 (70)
5 5000-10,000 (24)
6 10,000-50,000 (47),
7 50,000-100,000 (1)
8 100,000-150,000 (2)
9 Over 150,000 (1)

1.9 How many engineers does your organization employ?
1 None (2) 4 50-100 (15) 7 1000-5000 (54)
2 0-10 (33) 5 100-500 (60) 8 5000-10,000 (9)
3 10-50 (33) 6 500-1000 (37) 9 Over 10,000 (1)

What fraction of the engineers in your organization spend
most of their time on pressure vessels?

1 None (14) 4 40-60 percent (19)

2 0-20 percent {142) 5 60-80 percent (16)

3 20-40 percent (37) 6 80-100 percent (15)

1.11-1.15 In which of the following regimes do the pressure
vessels you deal with operate?

Yes No
1.11  Creep range 1 (147) 2 (66)
1.12 Pressures above 1000 psi 1 (195) 2 (24)
1.13 Radiation environment 1 (149) 2 (57

Transactions of the ASME
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.14 Cyclic operation 1 (208) 2 (16)
1.15 Other (specify if yes) 1 67 2 (20)
.16 How often do you attend professional conferences?

1 Never (9) 4 1-3 per yr (123)

2 Every 3 yr (17) 5 3-5 per yr (43)
3 Every 2 yr (25) 6 More than 5 per yr (31)
(.17 How many professional committees, subcommittees, task
groups, etc., do you belong to?
1 None (49) 4 5-10 (33)
2 1-3 (107) 5 10-15 (4)
3 3-5(49) 6 Over 15 (5)
1.18 How often do you read any kind of a technical journal:
magazine or other publication of current interest?
I Daily (75) 4  Quarterly (3)
2 Weekly (128) 5 Semi-annually (0)
3 Monthly (38) 6  Annually (0)
7 Hardly ever (1)
.19 When did you last attend any type of formal course re-

lating to your work in your company, a university or
elsewhere?

1 Last week (16) 4 Two years ago (33)
2 Last month (8) 5 Three years ago (19)
3 Last year (87) 6 Over three years ago(82)

It Computer involvement

2.1 Indicate the scope of your involvement with computerized
analysis and design:

(133) 1 I write and/or use computer programs. (Go to Ques-
tion 2.2.)

(63) 2 I do not write and/or use computer programs but my
employees do. (Go to question 2.2.)
(23) 3 Neither I nor my employees write or use computer

programs but others in my organization do. (Skip to
Question 2.75.)

(16) 4 No one in my organization writes or uses computer
programs. (Skip to Question 2.75.)

The next set of questions should be answered only if you circled 1
or 2 in the previous question. If you circled 1 answer them on your
own behalf. If yow circled 2 answer them from the point of view
of your employees.

22-27 What is your specific computer
of your employees)?

involvement (or that

Yes No

2.2 Write own special purpose i

programs 1 (163) 2 (28)
2.3 Use others’ special purpose

programs 1 (173) 2 (10)
24 Write own general purpose

programs I (85) 2 (82)
2.5 Use others’ general purpose

programs 1 (162) 2 (14)
2.6 Modify others’ special purpose

Programs 1 (121 2 (48)
2.7 Modify others’ general purpose

programs 1 (109) 2 (58)

2.8-2.14  What is your training in ecomputer program writing
and/or use (or that of your employees)?

Yes No
2.8 A degree in computer science 1 (15) 2 (119‘)
29 Courses run by my organization 1 (79) 2 (68)
2,10 University short courses 1 (90) 2 (63)
211 Self-taught 1 (142) 2 (18)
2

212 Course given by another
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2.13

2.15

2.16

2.18

2.19

2.20

2.21

2.22

2.23

2.24

2.24
2.25
2.26
2.27
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organization 1 (65) 2 (74)
Course given by outside
consultant 1 (27) 2 (103
Other (specify if yes) 1 Q2 2 (65)
How often do you (or your average employee) use the
computer for pressure vessel analysis and design?
1 Daily (67)
2 A few times a week (34)
3 A few times a month (38)
4 A few times a year (55)
How long do your computer problems run (or those of your
employees)?
1 Seconds (14) 3 Hours (11)
2  Minutes (101) 4 Varies (62)
When you (or your employees) use the computer you are
satisfied if the results come back no later than the
1 Same day (72) 3 Same week (15)
2 Next day (95) 4  Following week (2)
5 Varies (12)
Where is the computer that is used by your organization
located?
1 In our building (59)
2 In a nearby building (58)
3 Across town (24)
4 Qut of town (in state) (13)
5 Out of state (24)
How many years have you (or your average employee)
been using the computer?
1 0-1(0) 4 5-10 (67)
2 1-3 (17) 5 10-15 (43)
3 3-5 (56) 6 Over 15 (20)
What computer(s) is(are) used by your organization?
Central Processor Unit
Manufacturer:
Model:
Auxiliary core storage:
Peripherals:
How is the computer accessed?
1 Taking the deck to it (53)
2 Mailing the deck to it (5)
3 Teletype terminal (17)
4 Computer terminal (59)
5 Other (specify) (3)
Who operates the computer?
1 Our department (20)
2 Another department (134)
3  Commercial facility (23)
4 Other (specify) (6)
Do you (or your employees) use programs written else-
where?
1 Yes (176)
(Go to question 2.24)
2 No (24)
(Skip to Question 2.61)
~2.31 When you (or any of your employees) use programs
written elsewhere you find out about them from:
Yes No
My supervisor 1 (49) 2. (74)
Technical publication 1 (i25) 2. (24)
Technical meetings 1 (125) 20 (21)
Colleagues 1 (146) 2 (8)
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2.28
2.29
2.30
2.31

2.32-2.37 When you (or any of your employees) use programs

2.37

2.38-2.44 When you (or any of your employees) use programs

2.38 Having a colleague show us

2.39

2.40 Attending a course in our

2.41

Course work

User’s groups
Clearinghouses
Others (specify if yes)

1
1
1
1

(35)
(81)
(84)
(23)

written elsewhere you obtain them by:

Purchasing the deck
Running at a commercial
facility

Through a user’s group

Getting deck from a colleague
Paying a consultant to run

the deck
Other (specify if yes)

Yes
1 (125)
L (81)
1 (73)
1 (100)
1 (36)
1 (20)

written elsewhere you learn how by:

Studying the manual

organization

Attending a university course

2
2
2
2

(92)
(58)
(52)
(68)

No
2 (27)
2 49
2 (57)
2 (40)
2 (89)
2 (54)

242 Attending a consultant’s course 1

2.43

2.44

2.45-2.50 When you (or any of your employees) use programs
written elsewhere you verify their validity on the basis of:

245
2.46
2.47

2.48 Running a problem solved

2.49
2.50

2.51-2.60 In our experience with programs written elsewhere

2.51
2.52
2.53
2.54
2.55
2.56
2.57
2.58
2.59
2.60

2.61

Attending a commercial
computer facility course
Other (specify if yes)

Faith in the source
A colleague’s word
A consultant’s word

previously
Running an experiment
Other (specify if yes)

we have found:

Documentation problems

Machine compatibility problems

Programming errors
Analysis errors

Errors in numerical procedure
Cards missing or out of order
Input preparation problems
Output interpretation problems

Cards mis-punched
Other (specify if yes)

Yes No
1 (103) 2 (38)
16l 2 4)
1 (61) 2 (68)
1 (16) 2 (104)
(60) 2 (72)
(54) 2 (74)
1 (10) 2 (60)

Yes
1 (39
1 (46)
1 (26)
1 (168)
1 (102)
1 (17)

Yes

I R I R N

(149)

(133)
(131)
(95)
(83)
(83)
(137)
(110)
(59)
(15)

No

¢

(O30 I I

[ S ]

(84)
(81)
(95)

(4)
(36)
(54)

No
2 (9)
2 (23)
2 (23)
2 (43)
2 (49)
2 (52)
2 (14)
2 (28)
2 (67)
2 @7

Do you (or any of your employees) write programs?

1 Yes (175)

Attitudes Toward Use of Software.

lo the scale:

3.1

3.2
3.3

1 Agree strongly
2 Agree

2 No

(29)

2.62

2.63

2.64

(go to Question 2.62)

(skip to Question 3.1)

On the average how many man months of effort are put
into the production of a significant program by you o

your employees?

1 0-3 (64)
2 3-6 (57)
3 6-12 (27)
4 12-18 (8)
5 18-24 (5)

© o~ >

10

24-30 (2)
30-36 (0)
36-42 (0)
42-48 (0)

Over 48 (0)

Do you (or any of your employees) train users of youp
decks outside of your organization?

2 No (125)

1 Yes (53)

To what extent are programs written by you (or your
employees) used by persons outside of your organization?

1 Widely (12)
2  Moderately (42)

3 Hardly (46)

4 Not at all (57)
5 Do not know (18)

2.65-2.74 Programs written by you (or your employees) are

2.65
2.66
2.67
2.68
2.69
2.70
2.71
2.‘72
273

2.74

available to others:

Not at all

From us at no cost

From us at a fee
Through government
agency at no cost
Through government
agency at a fee

Through a computer firm
at no cost

Through a ecomputer firm
at a fee

Through a user’s group
at no cost

Through a user’s group
at a fee

Through other channels
(specify if yes)

Skip to question 3.1

Yes
1 (58)
1 (1)
1 (48)
1 (32)
1 (10)
1 3
1 (20)
1 (15)
1 (11)
1 (18)

Ne

™o

(17)
(65)
(66)

(72)

2.75-2.79 The next set of questions should be answered only if
you circled 3, or 4 in question 2.1
Computers are not used by myself, my employees or others

2.75

2.76

2,77

2.78
2.79

in my organization because

They are not applicable
to our work

Proprietary barriers prevent

use of the ones we need
Our computer work is
farmed out

Geographic limitations
Other (specify if yes)

3 Disagree
4 Disagree

1

Complexity of modern pressure vessels makes computerized analysis and de-

sign a necessity

Improved access to software will make my work easier
My lack of computer of sufficient capacity limits my ability to take advantage

of existing software

/] FEBRUARY 1975
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(152)
(81)

(18)
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2

Yes 3 No
1 (15) 2 (8)
1 (@) 2 (11)
1 () 2 (8)
1 1) 2 (11)
1 (12) 2 (2)

(70)

(112)

(34)

3

(16)
(38)

(119)

In the following indicate your response by circling the number which corresponds to it according

4

—

@
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(59)
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3.8

3.9

3.10
3.1
3.12
3.13
3.14

317
3.18

3.19

3.20

v

Software developers make reasonable claims for the capabilities of their pro-
grams

Management generally favors computerized analysis and design

The cost of computerized analysis and design is too high

I do not have enough time to get involved with computerized analysis and
design

Engineers need aide(s) to do computerized analysis and design

Most ecomputer program manuals are adequately written

In organizations with centralized computing facilities engineering jobs will
have lower priorities than accounting or administrative jobs

The engineering department has too little to say about which computer gets
purchased

Computer programs should be proprietary

Computer programs should be patentable

Computer programs should be completely debugged before release outside of
the originating organization

The professional journals do not pay enough attention to computer programs
Articles which describe computer programs are worthy contributions to the
technical literature and should be published by learned journals

The computing center administration is not responsive to user needs
Computer programs should be endorsed by some reputable neutral body in
the pressure vessel industry

The pressure vessel industry needs a certification scheme to insure the qualifi-
cations of software users

The available short courses on general purpose finite element programs are in
general valuable to the software user

Attitudes Toward a Technology Transfer Effort for Software.

4)

(29
(27)
(14)
(51)
(1

(32)
(38)
(19)
(18)
(78)
(34)
(12)
(49)
(44)

(24)

(144) (64) (®)

(161) (37) (3)

(63) (119) (15)
(38) (112) (69)
(124) (45) (10)
(75) (118) 27)
(84) (97) (12)
(89) (75) (15)
(101) (81) (22)
(66) (110) (32)
(103) (38) (11)
(146) 37 (5)

(63) (130) (10)
(111) (48) (20)
(107) (57) (17)
(164) (20) (22)

Use the same scale of responses as was given for part II1I. In

approaching the next set of questions consider that such an effort would collect, store and disseminate computer software throughout
the industry. Its general features are described in the letter of transmittal.

4.1

4.2
4.3
44
4.5

4.6
4.7

4.8
49
4.10
4.11

4.12

1 2 3 4

Absence of such an effort is a barrier to wider use of computer programs in the
pressure vessel industry 31) (132) (56) (6)
The effort should deal only in fully debugged programs 563) (118) (40) (i)
The effort should put on courses for the use of programs it stores (38) (152) (26) (8)
All programs selected by the effort should be written in the same language (36) (102) (68) (15)
The effort should give financial support for the writing new programs to fill
gaps it perceives (24) (137) (61) 9
The staff of the effort should write programs to fill gaps (10) (87) (102) 19)
The effort should encourage the development of programs to fill gaps that it
perceives (42) (170) (8) 2)
The effort should charge its clients for services rendered (24) (175) 19 3)
The effort should publish program manuals (39) (165) (13) (3)
The effort should publish a journal of articles pertaining to software (35) (158) (25) (4)

The effort should buy programs from developers (17) (142) 41) (C)]
Would you be willing to have your programs or those of 2 One national facility (143)

your organization become part of the effort?

4.19-4.22 Programs held by the effort should be accessed by:

Yes No
1 (152) 2 (39)

1 (83) 2 (80)

1 (135) 2 (29)

1 (13) 2 (48)
Yes No

1 (156) 2 (40)
1 (188) 2 9

1 (192) 2 (1)
1 (169) 2 (23)
1 (154) 2 (29)
1 (144) 2 (33)
1 (21) 2 (30)

1 All (29) 3 Afew (70)
2 Most (73) 4 None (28) 4.19 Remote terminals
4.13-4.15 The effort should deal in: 4.20 Mail or messenger delivered
Yes No input data
413 Special purpose programs 1 (166) 2 (39) 4.21 Mailing dec‘ks 1'20 subscribers
414 Medium general purpose 422 Other (specify if yes)
programs 1 (181) 2 (13) 4.23-4.29 The effort will benefit
4.15 Large general purpose
programs 1 156) 2 43 4.23 Large corporations
4.16 Responsibility of maintianing the programs held by the 4.24 Medium corporations
effort should lie with 4,25 Small corporations
1 The originating organization (92) 4.26 Individual practitioners
2 The effort (123) 4,27 Software developers
4 4.28 Computer companies
A7 There should be 4.29 Other (specify if yes)
; 822 Zggi: f:: ;ﬁcgsﬁgl(gfl)d (140) 4.30 The eﬁ’ort.should t?e orga_nized and operated by a
1 Professional society (85)
4.18 The effort should consist of
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1 Regional facilities (71)

2 Federal agency (18)
3 Computer company (1)
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4  University (7) transfer effort for software?

5 Private corporation (14) 1 Yes (209) 2 No (23)

6 Industrial co-operative (46)

7 Federal Laboratory (8) V General Comments. It would greatly enhance the valye
8 Other (specify) (11) of the results of this survey if you would describe the reactiong

that enter your mind when you contemplate the establishment
4.31 Do you, in general, favor the establishment of a techuology  of a technology transfer effort for computer software:
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