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Abstract

Quality assurance prograus cannot be transferred
from one organizatfon to amother without attention
to existing cultures and traditions. Introduction of
quality assurance programs constitutes a significant
change and represents a significant iJmpact on the
organizational structure and operational mode. Qual-
ity assurance professionals are change agents, but
do mot know how to be effective ones. Quality
assurance as a body of knowledge and experience can
only b2cone accepted when its practitioners becone
faniliar with their role as change agents.

Introduction

There can b2 no doubt that management by quality
agsurance is increasingly gaining the attention and
raspect of America's executives. A good indication
of this is not so much what the quality assurance
journals write, but what the business or aeven popu-
lar press writes. In spite of this new found popu-
larity, or perhaps because of 1t, close reading of
what 1is actually taking place lsaves one with the
distinct impression that all is not well. Quality
assurance orograms that worked wonderfully well in
one organization, fail miserably when implemented
elsewhare. QOvarall syccess of quality assurance pro-
grans is spotty at best and there are many, many
disagnointments.

The implementatian of quality assurance programs
in organizations that did not have such programs
befare, or had differeat ones, constitutes an organ-
izational change of significant magnitude. To be
successful, such changes must be given time in order
to take effective hold. During this transition
period the quality assurance professional is per-
ceived as the principal change agent by the rest of
the organization. This paper takes the position that
gne of the reasons for the uneven success of newly
emplaced quality assurance programs is that most
quality professionals do not know how to be effec-
tive change agents, They were never trainmed to be.
In order to become effective change agents, quality
professionals will have to pay closer attention to
the basic tenets of organizatignai behavior and in
particular those dealing with organizational change
and learning processes.

The point is perhaps made clearer with an example.
A friend and valuad colleague recently changed
employars. He has many years of experience and fine
credentials as a quality professional. His new
employer never had a formal quality assurance
program and was just beginning to become awar2 of
sone of the implications of implamenting such a
program. When my friend reported for work, this
experienced professional sat down and in a few weeks
wrote a complate quality program based on knowladge
and experience gained elsewhere. The progran was
written without an understanding of the cultures and

traditions that existed in his new organization.
There was not even an attempt to learn the organiza-
tion's language. The plan was quietly shelved. It
was probably misunderstood and held to be not appli-
cable to the organization.

This point bears emphasizing. Quality assurance

prograns imported fron outside the organization and

imposed without regard to existing organizational
cultures and traditions, will very likely fail...
indeed, they should be expected to fail., Quality
assurance programs are envirorment deperdent.

Nowhare is the problem of trying to cause change,
but not knowing how, more visible than in the appli-
cation of quality assurance to research and develop-
ment activities. Here a legitimate concern arises.
Is the profession able to transfer its knowladge to
a2 field of which it kpows 1ittle? The vast body of
knowledge and experience that the profession has
accumulated since Or. Shewhard have been obtainej
from applications in manufacturing. The profes-
sfon's current renaissance is the result of an
attempt to reestablish America's competitive edge in
manufacturing. These constant stress systems, in
which repetitive operations easily lend thems2lvas
to quantitative analyses, continue to be a rich loda
from which valuable lessons are constantly mined.
Yery carefully these lessons are applied in non-
manufacturing enviromments. The service sactor,
notably banking and insurance, is using quality
assurance with some success. Even there, however,
applications are characterized by quantification of
routine functions and subsequent application of
tragitional principles. Ask any quality assurance
professional what his job is and the reply will be
the control of variables.

Quality assurance has cone to research and devel-
opnent. This is not a constant stress system. The
variablas do not fit the binomial distribution. New
lessons must be learned. Previous applications are
suspect. Basic questions must be answerad, first
about managing research and development activities
in general, then about managing research and devel-
opment activities by guality assurance.

Reszarch and Deve lopment

Research and development (R&D) activities range
over the Tlargest possible of management domains,
They may involve ome scientist for one or two months
at a cost of $25,000, or they may invalve a thousand
scientists and engineers for sevaral years at a cost
of several hundreds of millian of dollars, or
anything in betwean. Nor is the dividing line
clearly drawn between that which constitutes
research and that which can be considersd develop-
ment. Research drives the development, but also
development drives the research.

An enduring fallacy regarding the application of
quality assurance to RID is usvally expressed this
way, R&D has a product, data, which is the resylt of
a8 process. Therefore, the process can be treated
like any other process that results in a product.
Ergo, traditional quality assurance. Aside from the
sheer banality of its sentiment, this fallacy
ignores the simple truth that the result of 3
process reflects the process. The process and its
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result cancot be viewed as separate. To equate the
end result of an RED process with t.2 end resuit of
say, 3 manufacturing process, 1s to ignore the
attendant organizational aspects of RLD processes.
In addit ion, data, the ead result of an R&D process,
have different quality characteristics than a manu-
factured piece of hardwarz, the end result of a man-
ufacturing process. The quality characteristics of
data are generally considered to he validity, integ-
Eity. reliability, preservation, and retrievability
Ref. 1].

Consider the organizational aspects of R&D pro-
cesses, Work on many R&D projects is characterized
by matrix assignments. That is, technical special-
ists from different organizational entities are
brought together in one project to do work toward
one specific goal. Once the goal is reached the tean
disbands and the peaple return to their “home"
organizations. Not all peaple work on the project
full time. Sone may work on several projects at once
and hance only part time on any one. Others will
work fuyll time, but only for a short time, after
which their specific expertise is no langer reguired
and they move on. The picture being sketched here is
one of a fluid organization, temporarily put
together to reach a gqoal and that will make the
effort only once.

The top two managenent levels of the project are
usyally stabla, Here arz the Project Leader and his
Deputies or Assistants. They are typically scien-
tists thamselves, but whose primary job now is ta
hold the project together and to manage it. They are
to provide the management plan and maintain the
structure by which work toward the goal of this tem-
porary organization can proceed. The scientists and
engineers wha work under the top two levels are
usually given a great deal of discretion. They work
under some gquidelines as to general direction, but
the particulars do not evnlve until experiments are
done, results analyzed, and the project goal is in
clearer focus. They are likely to be experts in the
field of stience under investigation and sometimes
thern are Few as expert in the field as they. Lines
of communication and authority are rarely formal and
the organizatien is as nearly horizontal as ome is
likely to encounter in the real world.

To this loase and informal coalition is introduced
one of the more formal management methods, manage-
ment by quality assurance. There is no doubt tnat
RL0 efforts can benefit from using quality assur-
ance. How to realize those benefits is the problem.

Quality Assurance in Research and Development

As an exampl zansider an R&D project consisting
of sevaral tasks, divided into subtasks, engaging
about 50 sclentists and enginears, having an
anticipated duration of several years, and costing
about %12 million per year. The project is to
research and devalop something neyver done before,
nanely the selection of a nuclear waste repositary.

The nuclear waste repositories under consideration
are geologic repositories. There has naver been,
anywhere nor any time in the history of the world, a
genlogic repository for high leval nuclzar waste.
Thare is no pravious experience on which to proceed.
Thare arz no data to predict how a geologic site
behaves gver thousands of years with active nuclear
waste baried in it, The data must be developed on a
small  scale exparimentally in  labaratories. The
site's b2havior -nust be modeled on very powerful

computers. The conplexities of the effort bagqle the
mind. It is a perfect example for a research and
deve lopment praject.

The effort {s still at the vesearch stage, but the
quality assurarce requiregnents are the same that are
required when a utility wishes to build a muclear
power plant. To make 1t clear, the scientific
rasearch needed to characterize whether a site is
suitable for the construction of a waste repository
is done with quality assurance reguirements that
were originally written for the construction of
ruclear power plants (Ref. 2). Here is a goad exam-
ple of gquality assurance requirements written for
one effort, being imposed on a completaly different
effort.

revals of Authority

Two aspects of the R&D organization praviously
described now need a closer loak. One is that the
scientist or engineer is given a great deal of dis-
cretion. The other pertains to the assertion that
RLD organizations are as near to the theoretical
horizantal model as one is likely top encounter in
the real world. These two collectively result in 2
higher arganizational level at which work is dome
than is wusually the case. Quality assurance is
therefore integrated at a higher decision level.
Indeod, it may very well occur that planning deci-
sions are made at the working level, a situation
that rarely exists 1in traditional hierarchical
organizational structures.

The quality program that governs the construction
of nuclear power plants, requires that all activi-
ties that could affect quality are dome in accor-
dance with written and approved procedures. Devia-
tions from the procedures are not allawed. Changes
to approved procedures must first undergo the same
review as the originals. There also must be verifi-
cation to assure that work is done in accordance
with the approved procedures. The pouring of con-
crete, the welding of pipe, the wiring of controls,
the receipt of building materials, all are acconm-
plished in accordance with approved procedures that
not only prescribe what has to be dons, but also how
it has to be done. Once done it is verified to make
sure that it was don2 right.

Over the years the ¢onstruction of nuclear power
plants has becowe a known activity. Over the years
the proceduras governing that construction have
evolved into rigidly applied prescriptions of how to
do work., Contrast that with the selection of a
nuclear waste repository site. What does one look
like? What is the effect of nuclear radiation on
rock? groundwater? What kind of material should be
used to encase the tuclear waste? How fast will the
material corrode? types of corrasion? The list of
questions that must be answered is almost infinitely
long. And yet there is that requirement. °All
activities that affect guality..." What activities
would affect quality? For that matter, what activi-
ties are required to first select a site and then
construct a repository on it? Of all the activities
that are now taking place, which ones will finally
turn out to be thase that can to be used to obtain a
construction permit? No one knows. Make a best
guess. Now write procedures. Who will w«rite them?
The investigating scientist who 1is experimenting
with an activity writes the work procedure. He is
the only one who knows how, That scientist will alse
determine whether the procedure works. Who approves
the procedure? Management at least ome level higher
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than the scientist and, of course, quality assur-
ance. What happens when the scientist finds that the
procedure doa2s not work, that a small change fs
required? Write and send out a revised procedure far
approval and wait for the approval.

Not too long ago there was an audit that found
that scientists "were working with unapproved proce-
dures*. During a subsequent informal discussion con-
cerning the infraction, one of them expressed
surprise. He had been hired to conduct certain
studies. As part of his work he wrote procedures on
how to conduct the studies. He thought that the
approval was a mere formality, because who would
disapprove? Who would know enough about the studies
to disapprove? In addition the approval generally
took over six wesks and was he supposed to suspend
work until then? What would happen if he needed to
make changes as he went along? Would he have to stop
work each time he wanted to make a change and wait
until the change was approved?

The answer to all those questions is to write pro-
cedures that allow discretion on the part of the
scientist, who is at the working level. Changes must
be allowed at the warking level. The point of the
example S, that the quality professional who
imposed the requirement did not realize that the
nature of R&D work and the discretionary level at
which such work takss pla-> is markedly different
fron anything in his past <xperience. And the pro-
fession suffered some loss in credibflity.

Test versus Experiment

There is an element in the nuclear quality program
that calls for test control. Test are to be pre-
scribed, reviewed, app-uved, have bhold points,
acceptance criteria, specified documentation, etc.
There is nothing out of the ordinary about that.
When thic element was first translatzd into reposi-
tory quality assurance requirements, a curious
ph-ase appearad. It effectively said that experi-
ments ware to be controlled in the same manner as
tests. In othzr words there is no gdifference between
a tast and an experiment.

There is indeed a difference between a test and an
experiment. In an experiment the goal is the under-
standing of a phenomanon. It is the search for an
understanding of a cause and effect relationship.
The results of an experiment are not determined a2
priori. In an experiment one manipulates external
variables in order to ascertain their relative
importance as causative facters. Although gquantita-
tive measurements are desired, initial emphasis is
on the gualitative relationship betw2en cause and
effect. An axperimental procedure consists of a
guestion and a goal. For example, are there any
effects of gamma irradiation on the corrusion pro-
pertiss of austenitic ste2ls in water? The goal is
to determine if there are any effects, the cause of
the effects, and what tests can be devised to demon-
strate the suitability or unsuitability of austeni-
tic steels for a desired application.

A test, on the other hand, is a quantitative mea-
syrement to evaluate the magnitude of an effect.
Where possible, test variables should be anticipated
and controllad. The what and the how of a test
should b2 known and wri*ten in a procedure before
the test is run. The technician running the test has
an a priori understanding of the direction and the
magnitude of the effect to be measured. Using the
sane example as above, @ test procedure would first

measure and then compara the effects of gamma
irradiation on the corrosion rates of austenitic
steels in irradiated water relative to corrosion
rates in ron-irradiated water., The fact that there
are effects was determined by the experiment.

Experimental design s highly dependent on the
knowladge, experience, and intuition of the scien-
tist to whom it is assigned. Different scientists
use different approaches. An adequate test is depen-
dent on the experience of the technician using well
written procedures (Ref. 3}.

Again, the point of the example is to show that
what works well in one environment, may not be
transferable to another without some thought, But
there is something else. There is a tendency for
quality assurance prcfessionals to apply controls to
every level of activity. The phrase "judicious use"
is not vary well applied in practice. Full blown
closed loop controls are applied to areas where they
serve no purpose. There is no need to control exper-
iments to the extent that tests need to be con-
trolled. Experiments result in tests and tests
result in design data. The latter is important and
should be able to be traced to the test. Mo nsed to
go back to the original experiment. In the nuclear
powar plant environment excessive application of
quality assurance controls results in the addition
af “approximately one year to the overall schedula
in the form of siretched out design and construction
schedule and adds 30 to 35 percent of overall plant
costs.® {Ref. 4).

falibration

In a description of an axperiment the following
two sentences appeared. "A Beckman CEL-K1 conductiv-
ity probe will be used to monitor conductivity in
the corrosion cells and to act as a depth probe to
monitor the water level in each corrosion cell. Only
conductivity changes will be determined using this
cell so an absolute calibration is not plannad”
(Ref. 5)}. Calibration is one of the profession's
most sacred cows. All quality assurance standards
contain requirements for calibration control. All
auditors include calibration on their Jlists of
things to audit, Here is a scientist who states that
*absolute calibration" will not be dose. What does
he mean?

Calibration of measuring and test equipment is
vital when "measured values [are] used directly in
establishing design specifications or reported as
absolute valves to [customers}" {Ref. 6). Calibra-
tion of measuring equipment is &z1so vital when on2
manufactures or constructs from specifications. How
important is it to calibrate measuring and test
equipment in a research phase of an R&D effort? To
paraphrase an opinion once heard, human knowlzdqe
increases incrementally and who cares where zerp is.
Recall the previous discussion on tests versus
experiments. In an experiment one searches for an
understanding of a cause and effect ralationship. It
is rzlative in the sense that one needs to determine
that an effect has imdeed occurred, not necessarily
the extent of the effect. For experimental work it
may be sufficient to have relative data. That is
what the scientist meant when he wrote that absolute
calibration is not plannad. His interest was in
determining whether or not conductivity had changed
and he may have had a secondary interest in how nuch
conductivity changed, but it was not important.



Few quality assurance professionals will accept
the notion that relative measuraements suffice in
many of the research activities. Audit after audit
finds that cahibratios of measuring and test equip-
ment lacks controi systems with the irdependent ver-
ification so dearly loved by quality assurance pro-
fessionaly,., A story is told about a prestigious
research institution that was audited. The awditors
had found that sam2 of the equipment bore calibra-
tion stickere that were 15 years old. The incredu.
lity of that discavary was told with much glee. A
telephone call to the organizavion revealed that the
equipment was no longer used for absolute measure-
nants, it was used to reveal deviations from the
expected, i.e., to make relative measurements.

That is not to say that 15 year old calibration
st ickers on measuring equipment {s a good thing. On
the contrary. If an organization has a two tiered
calibration program, one for absolute measurements
and another for relative ones, then it must keep the
two apart. There must be controls that prevent the
inadvertent use of experimental measuring equipment
to make absolute measurements. The solution is not
to insist on a program to control the calibration of
all measyring and test equipment regardless of use.
Such programs are inefficient, expensive and not
necessary.

Management By Quality Assurance

The three examples discussed in the previous
section were instances where wel)l intended and tra-
ditional act.ans on the part of quality assurance
professionals resylted in misunderstand ings,
instances like thase are legion and do not just
occur when quality assurance and REZD meet. Any time
quality assurance professionals gather, tales of woe
doninate the conversation. They wusually have a
comon thread, the universal misunderstanding of the
good intentions. Colleagues usually have had similar
experiences and can offer advice, ar at least cite a
wrse exanplz, The problem with RED task arganiza-
tions is that they may sound 1like something heard
befores which implies that therefore somebody bhas
experienced a solution, but in truth the problams
are far more fundamental.

R&D task teans, coalitions for applied scientific
research, present problams from an organizational
theory point of view as well. The relationship
between scientist and administrator, the relation-
ship between scientist and sponsor, the relationship
between science and government, and finally the
r2lationship between science and Society, all ave
i1l defined and all are the subject of academic
invest igation. Whan RRD efforts grow into the gigan-
tic engineering projects with which this nation has
becone familiar only since Wiil, the problen becames
a very practical one. How does one efficiently
organize  such efforts? Matrix organizations?
Projected Organizations? Coordinator Drganizations?
txpediter Organizations? {(Ref. 7) A1l these have
been tried with various modifications. A1l will more
or less work depending on the circumstances. R&D
organizations are justified in asking why guality
assurance wauld organize them any better.

One thing that will not work is the overlay of
monolithic quality assurance programs on existing
managanent structurzs. One does not apply quality
assurance. fOnme integrates quality assyrance so that
its requirenents are met as a result of a management
process designed to accommodate as much as possible
of the informal structuras that already exist in all
organi zat ions.

Consider one last time the quality ascurance
requirements mandated for the research neaded to
characterize 2 waste repository site, That program
has a total of 18 elements, which, accordirg to its
athors, collectively constitute a conplete and
sufficiant set to assure the quality of a nuclear
power plant., These elements represent a reduction of
an industrial experience to procedures. The end
result is a safe and operational structure, Of those
elaments, only a few, at most four, can be made to
apply directly to an RAD effort. For the latter the
result s data, The constituent parts that make up
the end result are experiments and tests. The
question is not: “How does one fit an industrial
experience inta an R4D effort?¥, but "how does one
manage experiments and tests to assure the quality
of their dats?* Quality assurance, along with other
management approaches, has a contribution to make in
the search for an answer. [ts practitioners, however
"must learn to think without making use of the
patterns and models taken for granted by most of the
textbooks." (Ref. 8).
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