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For all the quantifiable certainty and mathematical rigor of highenergy physics (HEP), its culture and sociology remain somewhat of an
enigma to most people outside this scientific community. Because highenergy physics research costs billions of dollars to obtain, and because
these funds are provided by government agencies which are independent
of the university system, new questions have arisen about the role of QA in
basic research, and more specifically, the role of QA professionals. In this
paper I describe the nature and role of peer review as the primary
mechanism for assuring quality in basic research, and also suggest a
method for defining the boundaries between basic research and standard
engineering. In other words, where does the basic research stop and the
standard engineering begin? Based upon 6 years experience at Fermilab, I
discuss how QA professionals are viewed within the Fermilab community of
scientists, and suggest concrete roles for QA professionals within the
sociological context of the basic research culture.
Framing the

Ouestion

The motivation for this paper began in a technical session at the 1988
ASQC Energy Division conference, when one of the speakers complained
about how recalcitrant scientists are about having their work checked by
QA audit teams. He attributed the resistance to reb ellious ness and not
wanting to have any accountability for their work. But is there more to it
than this? The speake/s solution to the problem was to put a "Ph.D." on the
review team to act as a peer. As I told him during the 'question and answer
ssssion, just because a person has a "Ph.D." (even if it is in that particular
field) this does not necessarily make him a peer. The issue is not that
scientists don't want their work reviewed by other people, it is that they
want their work to be reviewed by competent people who are able to
criticize it intelligently. In other words, they want it reviewed by peers.

1 Fermi National Accelerator Laboratory (Fermilab) is

Universities Research Association Inc.,
Energy (DOE).

for the United

operated
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Although the discussion which follows can be applied to many
disciplines, I will limit my comments and examples to the context of basic
research, more particularly to the high-energy physics research done at
Fermilab. This must be distinguished from the kind of applied R&D done at
some other national laboratories or in industry where the focus is on

or improving tangible products or services for corporate
"customers."2 In the basic research done at Fermilab, the internal
customer is a single scientist, the laboratory Director, who has ultimate
approval authority in matters experimental and otherwise. The external
customers are university-based collaborations of physicists for whom
Fermilab provides the necessary particle beams for doing I{EP and a wide
variety of other support services for experimental activities in all phases.
Consequently, Fermilab's research program is an extension of the training
developing

that universities provide for graduate students in HEP, with one of its major
products being PhD physicists.

The funding agency, the U.S. Department

of

Energy (DOE)

sponsors

the work done at Fermilab, but the specifications for experiments are
established mainly by the internal and external customers, the laboratory
Director and the experimental collaborations. Finally, basic research also
differs from applied R&D in another significant way; the difficulty in
performing "value analysis" on the data produced. While the goal of
developing or improving tangible products or services makes it more
straight forward to assess the "value added" parameters of applied R&D, the
results of HEP research are far more difficult to assess. This has been
pointed out in recent years when the Nobel Prize in Physics for 1988 and
1990 were awarded for experiments performed over 20 years ago.
Sometimes it takes years to understand the true value of an experimental
result.3

Authoritv Structure in the Scientific Culture
Since the entire notion of peer review rests upon the credibility of
the individuals involved, it is important to clearly define what it means to
have authority in the high-energy physics community. There are at least
two aspects to scientific authority. First, Thomas Kuhn claims that the
ultimate authority in a scientific community is contained in the shared
network of commitments to conceptual, theoretical, instrumental, and
methodological ways of carrying out the goal of the discipline. He calls this
network of commitments a "paradigm." In high-energy physics where the
goal is to isolate the fundamental constituents of the universe and the
forces that interact between them, the paradigm consists of the "Standard

2 This type of applied R&D is described in George Roberts, Quatity
Assurance in Research and Development, (New York: Marcel Dekker Inc.,
1983).
3 The 1988 Nobel Prize in Physics was awarded to L. Lederman (Fermilab

Director Emeritus), J. Steinberger, and M. Swartz for the discovery of a
second type of neutrino. The experiment was performed in 1961. The 1990
Nobel Prize in Physics was awarded to J. Friedman, H. Kendall, and R. Taylor
for the discovery of point-like structure in hadrons. The experiment was

performed

in

1967.
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Model" along with current accelerator, detector, and computing
technologies. The theoretical and experimental aspects of the paradigm for
HEP are articulated in the textbooks and journal publications used to train
new physicists. According to Kuhn, physicists have no intrinsic authority
independent of the authority contained in the paradigm. A physicist
achieves vicarious authority only to the degree that he can articulate the
parameters of the paradigm and design theoretical and experimental
puzzles which heuristically probe and test them in every conceivable
way.4 The more tests and experiments the paradigm stands up to, the more
"authority" it gains within the HEP community. Kuhn called this process
"Normal Science."5 A physicist's authority is directly proportional to his
understanding of the paradigm and the puzzles he devises to test it.
"Bringing a normal research problem to a conclusion is achieving
the anticipated in a new way, and it requires the solution of all sorts
of complex instrumental, conceptual, and mathematical puzzles. The
man who succeeds proves himself an expert puzzle-solver, and the
challenge of the ptzzle is an important part of what usually drives

him

on."6

The second component of authority in the HEP community has to do
with the process by which certain scientists achieve authority in a
particular branch of experimental or theoretical HEP. In addition to the
preferences an individual may have to work in a particular part of the
field because of graduate training, the enofinous cost, size, and complexity
of modern day accelerators and experimental apparatus also dictate more
specialization. This means that the resources for doing HEP experiments
are centralized at a few laboratories. Those who have ready access to
specific types of experimental apparatus are more likely to devise puzzles
that test the paradigm in the areas that are more accessible by those

sub-specialties like electronic detector design,
electronics, software reconstruction based on the resources available, the
demands of their apparatus, and the kinds of physics problems they try to

devices. Individuals develop

solve. An individual gains stature or authority in that sub-set of the
community to the degree that he consistently solves complicated
experimental problems with the tools at hand. An important part of
achieving success involves obtaining financial support at that particular
institution. This is also contingent on reputation and authority. The
individual with authority has shown that he can pull the financial,

4

Thomas Kuhn, Ifte Structure of Scientific Revolutions, Znd ed., enlarged,
(Chicago: The University of Chicago Press, 1970), pp 35 ff.
5 For example, the mathematical formalisms which constitute the theory of

quantum electrodynamics have been tested against (and agree with)
experimental results to an accuracy of I part in a billion. To place this into
a more understandable context, if one wers to measure the distance
between Los Angeles and New York to an accuracy of 1 part in a billion, he
could measure it to an accuracy of the width of a human hair. See Richard
P. Feynman, QED The Stange Theory of Light and Matter, (Princeton, NJ:
Princeton University Press, 1985), p 7.
6 Kuhn, p 36. In regard to the completion of experiments, see Peter Galison,
How Experiments End, (Chicago: The University of Chicago Press, 1987), p
135 ff.
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theoretical, experimental, and technological components together within
his own context. In other words, the physicist has to manage the
experimental process.

The most important thing to remember is that even with all these
management factors accounted for, true authority in HEP is intrinsic to the
paradigm. Scientific authority is not a position that is bestowed once and
for atl. The authority that physicists achieve by puzzle solving in the
paradigm can be lost or "frozen in history" if they voluntarily choose to
step out of the active pursuit of the field, begin making bad physics
decisions, or cease to embrace the culTently accepted paradigm.T
Another issue involves the possibility of two conflicting authority
at philosophical odds with one another. It becomes
difficult to resolve disagreements in management style, especially when
one of the organizations is doing the work and the other is sponsoring
work which does not have precisely defined specifications for the end
product. What happens when the motives, goals, and agendas of the two
authority structures are pulling in different directions? An example might
be when the government funding agency begins to view the primary goal
of doing high-energy physics research as producing applied research and
technology like superconducting magnets. In contradistinction, the HEP
community views its primary goal as testing the parameters of the Standard
Model, with the development of the technology necessary to do that
research being a very useful by-product. In the first scenario, the tail
begins to wag the dog.
structures which are

This type of philosophical disagreement is important to our discussion
management decisions that affect the physics program are made by an
organization that is not part of the scientific community. In this regard, I

if

with Kuhn who states that the "...scientific community sees
by others as the men uniquely responsible for the
pursuit of a set of shared goals, including the training of their
agree

themselves and are seen

successors."t In other words, basic science must be directed by scientists
or its not really science in the classical sense of the term.
"One of the strongest, if still unwritten, rules of scientific life is the
prohibition of appeals to heads of state or to the populace at large in
matters scientific. Recognition of the existence of a uniquely
competent professional group and acceptance of its role as the
exclusive arbiter of professional achievement has further

7

in history is Einstein's refusal to
accept Werner Heisenberg's uncertainty relation and Niels Bohr's
probabilistic interpretation of Schrodinger's wave function as the final
model of the microworld. Up until the time of his death, he asserted that
"God does not play dice." Einstein's authority remains "frozen" in regard to
his earlier work on Brownian motion, special relativity, and the photoelectric effect, but there is a vast difference between having authority and
being a peer. Having authority is prerequisite to being a peer, but the two
The classic example

of

authority frozen

terms are not synonymous. See Niels Bohr, "The Bohr-Einstein Dialogue" in
Niels Bohr; A Centenary Volume, ed. by A.P. French and P.J. Kennedy,
(Cambridge, MA: Harvard University Press, 1985), p l2l ff.

8 Kuho, p

L77.
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implications. The group's members, as individuals and by virtue of
their shared training and experience, must be seen as the sole
possessors of the rules of the game or of some equivalent basis for
unequivocal judgments."9

This identification of a "uniquely competent professional group"
is to be the "exclusive arbiter of professional achievement",

whose role

is in regard to HEP, moves us directly into our
defining what peer review is.

defining what qualiry
discussion

of

What is Peer

Review?

I will begin by trying to define the word "peer." The word peer comes
from the Latin word pariare which means "to be equal, to rank eQually."lo
By definition, a peer is a colleague who is actively engaged in the same
profession, more particularly in our case he is a colleague who is working
on the same types of physics problems. It is important to note, that
although being trained and having authority in the same field is a
prerequisite to being a peer, a more important factor is being an a c t iv e
practicing competitor who pursues the same type of research. The word
peer is a relational or comparative term. Someone can only be a peer in
relation to someone else with whom he competes for the same prize
whether that be the first claim to a discovery, higher-resolution accuracy
in measurements, particle beam time at an accelerator, the Nobel Pize in
physics,

or the grant money to carry out a

research project.

What are the salient components of being a peer? The above
discussion suggests that this is a multi-dimensional taxonomy which
includes things like 1) Having an equal level of academic education, 2)
Having an established track record of successfully proposing and solving
experimental or theoretical problems giving the individual authority
within the community, 3) Contributing to the basic premises of the
discipline in which one works by publishing results that are of value to the
community and may become part of the paradigm, 4) Being identified by
others in the community as a peer in the same types of physics problems.
Once an individual has attained the position of peer, he becomes identified
with and by that "uniquely competent professional group" whose role is to
be the "exclusive arbiter of professional achievement," defining what
qualiry is in regard to that field. But to remain a peer, one must continue to
be an active competitor in that field of study. Being a peer is an ever
changing relationship to others who are actively pushing back the
epistemological boundaries of a particular discipline.
Having defined what a peer is, I will now turn my attention to
defining the nature of peer r ev i ew . Peer review in jurisprudence is
normally associated with a jury which is supposed to be composed of one's
"peers." In this case, the group of peers listens to all of the evidence that is
presented and judges whether the defendant is guilty. The idea is similar

9 K,rhn, p 168.
l0 Oxford Compact

Edition

The Clarendon Press,

1972),

of

the

vol.

2,

Oxford English Dictionary,

p

2 vols., (Oxford:

2113.
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high-energy physics in that peers sit in judgement on the quality of
one's physics data. The objective existence of physical effects in the world
and the scientific doctrine of defining initial conditions makes this type of
judgement a case of determining the degree to which the physical effect is
convincingly isolated by the detector and mapped to the predictions of the
mathematical foruralisms of theory. It is the successful completion of this
type of experiment that determines the quality of all aspects of a scientific
proposal.

Peer

re

views normally cover two broad types of activities:
reviews. In a management review, one

management reviews and technical

looks at the goals of the organization and how upper management has
attempted to achieve the organizational goals by putting together a "people
design". Because organizations are basically "goal-seeking" organisms
fathered by top management, the way individuals are tasked to solve
problems is very important.ll At first, this may not seem like the type of
review in which one would need to have physicist peers. After all, we're
talking about management right? The problem with taking this position in
a basic research laboratory is that most management decisions ate
intimately intertwined with carrying out experimental activities and
decisions which directly interface to the physics program must be made
largely by physicist peers. Consequently, the upper level management
positions at Fermilab are occupied primarily by high-energy physicists. It
follows that any review of that management responsibility must be
performed by a committee composed at least partially of physicist peers as I
have defined them

above.

The second type of review, the technical review, is the place where
one would most naturally expect to find peer review. A technical review
examines the technical goals and details of up-front planning and the
progress of a project or experiment. In order for this technical review to
be classified as a peer review, each aspect of the project should be reviewed
by individuals who are peers as defined above. This means that any and all
reviews of either the management or technical aspects of the laboratory
must include some form of bona fide peer contingent in order for it to be
truly valid. This includes all external technical reviews performed by the
government funding agency.l2

In conclusion, I am suggesting that one must determine the nature of
the task and what discipline it falls under and pick peers to review only
those areas in which they are truly competent, i.e., the areas in which they
are truly peers. This raises the issue of our next section, namely how does
one define the boundaries of a particular discipline. More particularly, in
the design and construction of today's sophisticated high-energy physics
detectors which use people from many different disciplines as part of a
team (hardware engineers, technicians, physicists, software engineers
1

1 For a

description

of a

functional approach

to

analyzing organizational

structure see, Mark Bodnarczuk, "Reductionism, Emergence, and
Functionalism; Presuppositions in Designing Internal QA Audits",
published in The Proceedings of the Fifteenth Annual ASQC National

Energy Division Conference, October 23-26, 1988, (Fermilab-Conf-88/77).
12 this is in fact the case at the annual DOE Lab-Wide Review. At least two
or three bonafide physicist peers are asked by DOE to join the review team.
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etc.), where are the boundaries between these disciplines to be drawn and
how should peers be assigned to review those areas once they are defined
in the form of cross-functional teams? In other words, where does the
basic research stop and the standard engineering begin?

The f nterface Between Basic Research and F'ngineering
As the experimental apparatus for HEP became larger, more complex,
and costly, clearly defining the boundaries between basic research and
standard engineering problems became one of the most difficult issues
faced by the scientists in charge of these projects. One way to locate the

interface between basic research and standard engineering is to divide the
of developing an HEP experiment into various levels. Because each
experimental apparatus is different, the process will vary somewhat
between detectors, but the same basic principles hold in most cases. I will
predicate my analysis upon two fundamental assumptions. First, QA at
Fermilab is the line responsibility of all personnel from the physicists to
technicians. This is important because the mechanism by which quality is
assured is peer review as defined above. Second, it is a standard tenet at
Fermilab that experimenters and Fermilab employees must perform their
research so that the safety of humans and protection of the environment
receive the highest priority. With these assumptions in mind, I begin the
analysis at a point well before an experiment becomes a formal Fermilab
project. The various levels are listed below:
process

Level 1 Theory-Effect
Level 2 Early Conceptual Detector Design
Level 3 Proposal Stage
Level 4 PAC Stage (Ovenriews Above Levels)
Level 5 Conceptual to Final Design
Level 6 Fabrication and Installation
Level 7 Operation
Level E Data Analysis

At Level 1 (theory-effect), physicists reflect upon the current
theoretical and experimental portions of the Standard Model and design
methods for "cashing out" a previously unmeasured effect or anomaly into
something that can be measured. At Level 2, physicists at universities or at
Fermilab design the broad abstract parameters of a detector in a way that
will yield the optimal interaction rate in the detector. In addition to
producing the effect, they must devise ways of digging the salient lowercross-section effects out of a multitude of non-salient high cross-section
effects and recording them for later analysis.l3 At Level 2, they begin the
task of defining preliminary specifications for the physics measurements
13 When the proton beam is directed toward a fixed-target, the protons
interact with the nuclei in the target in a variety of ways producing many
different types of secondary particle products. The probability that a
particular type of secondary particle will be produced is normally
expressed in terms of the cross section (o) per nucleus for each type of
interaction. The cross section is traditionally expressed in units of

measured

in units of the "barn" (10-28 s121.
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area

to be made and the detectors they will
level quite obviously must be physicist

make them with. The peers

at

this

peers.

Level 3 involves the assembling of a collaboration of physicists from
Fermilab and other universities who are interested in working on the same
type of physics problems. At this level the conceptual design of the
detector becomes more defined as the collaborating institutions give their
input to the design. They also commit their dollars and manpower to
carrying out the tasks they assign for themselves. Most importantly, the
collaboration must be sure that the effects predicted by the theory, the
design capabilities of the detector and data acquisition system are matched
to the particle beam parameters in such a way that the effects have a high
probability of being produced. Increasingly, engineers who specialize in
IIEP detector design at universities are brought in at this level to do some
preliminary design work. The end product of this work leads to a formal
experimental proposal in which the collaboration more specifically defines

its physics goals and the design of the experimental apparatus.
Experimental proposals include the number of protons from the
accelerator needed to perform the experiment, the number of physics
events that the collaboration plans to record on magnetic tape, a
description of the detector design, a description of the "people design" of
the collaboration that must demonstrate that they have the appropriate
distribution of physics expertise, and an estimate of the computing
resources that will be needed to reconstruct and fully analyze the data
sample they accumulate. In a very real sense, the experimental proposal
can be viewed as a set of performance specifications that are defined by the
collaboration. The peers at Level 3 are mostly physicist peers with
specialized engineers reviewing their contributions to the design of the
experimental set-up.
The Fermilab Physics Advisory Committee (PAC) is the Level 4
function of the peer review process. The committee is composed of
prominent physicist peers from other laboratories and universities
throughout the United States who are in direct competition for the
financial support of the funding agency. Once the experimental proposal
is formally submitted to the Fermilab Director, he distributes it to the
members of the PAC and schedules a review of the proposal by the PAC
which meets 3 or 4 time a year. The PAC gathers to evaluate the scientific
merit of the proposal, the technical feasibility of the detector design, the
technical strength of the "people design" of the collaboration, and
numerous other details of the experiment. The PAC then makes a
recommendation to the Fermilab Director on whether the proposal should
be approved as written, rejected, or whether the collaboration needs to do
additional work on the proposal prior to making a recommendation to the
Director. Based upon the PAC's recommendation, the Director decides
whether or not to approve the experiment. If it is approved, it becomes a
formal Fermilab project. The peers once again at this level must be
physicist peers.
Once approved by the Laboratory, the experiment moves to Level 5. tt
is at this level that a large number of laboratory-based engineers are
brought in to "cash out" the design into what will become a final design. It
is also at this level that basic research first interacts with the formal
entities of the engineering disciplines. The laboratory directs the
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scientific staff at Fermilab to develop a formal Memorandum of
Understanding (MOU) that quantifies the impact that performing the
experiment will have on laboratory resources and defines the commitments
that university contingents of the collaboration will make to the
experiment. The MOU defines the funding needed to perform the
experiment, particle beam parameters, the space necessary to set the
experimeut up in the experimental hall, and the schedule of available
particle beam time. The MOU can also be viewed as a formal set .of
performance specifications that are agreed upon by the collaboration and
laboratory management.
As Level 5 work progresses toward the final design, it is continually
optimized with a large amount of input from all branches of the

engineering community (mechanical, electrical, civil etc.). Wherever a
particular engineering discipline makes a contribution to the project,
those contributions must be reviewed by peers from that discipline. But in
keeping with what was said above, the physicist in charge must be sure
that the final parameters of all engineering decisions will produce a
detector that yields data that will enable him to measure the mapping
between the predictions of theory and the reality of the effect as described
at Level 1. In the words of Juran, the overall experimental design must be
"fit for use," with the internal customer of the physics results being the
Fermilab Director and the external customer of the laboratory's services
being the universities that compose the collaboration. The process of doing
high-energy physics research is an iterative, dialectic, process between
laboratory management and the universities that come to Fermilab to use
the facilities. Having described the activities of Level 5, we have defined
the broad parameters of the interface between basic research and standard

engineering practices.

The next two levels (Level 6 lFabrication and Installation] and Level 7
[Operation]) are rather straight forward and follow the same rule as Level
5; all work should be reviewed by peers from that discipline subject to the
approval of the Project Physicist.

It is at Level 8 [Data analysis], that experimental activities become
once again exclusively controlled by the physicists. It is at this level that
the collaboration (which is itself a group of competitive peers) attempts to
discover whether or not the proposed experimental conjecture has been
manifested in the detector. The peers at this level must obviously be
physicists. In addition to the peer review of the data by those in the
experimental collaboration and at the facility where the experiment is
performed, the results of the experiment are reviewed by peer referees
prior to publication in scientific journals. Following the publication of
physics data, other physicist peers may try to replicate, improve, or
discredit

a

particular measurement.

Thus far in this paper I have described the authority structure of
science, the nature of peer review, defined the interface between basic
research and engineering, with the assurance of quality being a line
responsibility performed by peers. But none of this involves the QA
professional.
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The Role of the (lA

Professional

The reliance on peer review as the primary QA mechanism in basic
a certain type of voyeurism for the QA professional. The
QA professional is (so to speak) "on the outside looking in" because only
peers are qualified to judge what quality is. This does not of course mean
that the QA professional may not have some technical training, but as I
stated above, training alone does not necessarily make someone a peer. The
intuition about QA voyeurism is an important otre because it makes the
distinction between assuring quality (line responsibility) and being a QA
professional (independent oversight function) crystal clear. Assuring
quality is not the job of the quality department.
research produces

But

a quality

if this image for the QA professional is veridical, do we even need

department when line management peers take responsibility for
quality seriously?14 Let me try to qualitatively describe the image that
many researchers have of the QA professional. Researchers sometimes
describe the QA professional as a consultant who gives advise to other
people on how to run their business or make investments. However, in the

it's the client's financial portfolio not the consultant's. He gets paid for
his time and advice, but must leave the actual decisions to the client. QA
professionals are also viewed as therapists, who while seeking to help and
guide a patient to a more productive healthy life must in the end allow the
person to make their own decisions. Researchers often describe some of
the "motivational" type QA professionals as evangelists who are brought
into a church for a series of "revival" meetings then are on to the next
church. As long as QA professionals continue to give talks at professional
conferences entitled "Preaching Quality to a Non-Conformance
Congregation" and magazine articles continue to be titled "The Prophet of
Quality - Deming" this image will persist in the minds of non-QA
professionals.ls The evangelist is like a "hit'n run" type that assumes no
cortinuing responsibility for the lives of the people he preaches to. This is
unlike the image of the QA professional as pastor who comes and "lives
among" his parishioners. But as close as the pastor is to his congregation,
he cannot make decisions for them. In the end, decisions must be made by
the parishioners. The pastor's role is to preach the "truth" and hope some
of it sinks in. These impressionistic descriptions capture the essence of
how QA professionals are viewed by basic research scientists. Given the
fact that we QA professionals have helped to form this image in the minds
of scientists, can we now transform even these negative images into truly
end

value-added dimensions

of

scientific practice?

With this in mind, let me suggest some of the concrete roles for the
QA professional in a basic research environment. The first role
for the QA professional is to mediate between the authority structure of
science described above and the bureaucratic authority structure of the
value-added

14 Frank M. Gryna raises this same question and concludes "Yes, there will
be a quality department" in Frank M. Gryna, "The Quality Director of the
90's Part l" in Quality Progress, April, 1991, p 37 tf.
15 See the proceedings of the lggl ASQC Quality Management Division
Conference which was held in Atlanta, Georgia and Business Week, January
28,1991, p 14.
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government funding agency. Many of the problems that have been caused
between researchers and QA professionals are matters of semantics which
can be avoided by developing models that communicate between the two
parties. For example, the main function of a beamline physicist at Fermilab
is to independently verify the technical details of an experiment prior to
operation. The beamline physicist is not a member of the collaboration and
is functionally independent of the Fermilab-based group that operates the
support devices for the experiment. If one conceptually translates this
function into the formal language of the quality professional, the beamline
physicist is actually an independent QC function. The QA professional must
be the "go-between" who develops the conceptual bridges between the
respective "languages" of the basic research and QA cultures. To do this
type of conceptual translation, he must speak both languages fluently.

The second role for the QA professional is as pracess facilitator which
involves helping line personnel (department heads, physicists etc.) to
document the process of doing QA in a way that is acceptable both to them
and the government funding agency. This involves helping line
management define the types of management controls that should be
applied to an activity, given its performance objectives and the
requirements of the funding agency. At Fermilab, all organizational
structures are required to perform a functional analysis of their activities
which defines them in tenns of terminal and subordinate objectives. Once
these functions have been defined, line management controls them
through the mechanism of Specific Quality Assurance Programs (SQAP's)
which include criteria for management, work processes, and assessment
activities. There are 10 Fermilab QA criteria that constitute a SQAP: l)
Program, 2) Personnel Training and Qualification, 3) Quality Improvement,
4) Documents and Records, 5) Work Processes, 6) Design, 7) Procurement, 8)
Inspection and Testing, 9) Self Assessment, and 10) Independent
Verification.l6 All functional entities at the laboratory must define
management controls that implement the 10 criteria to their activities. The
QA professional must interpret these QA requirements so that they can be
understood by laboratory personnel and help line management bring
optimum efficiency to the Iaboratory's operation.

The third role for the QA professional is as trainer. The QA
professional must train laboratory personnel in the process of
conceptually translating between the languages of the basic research and
QA cultures and develop meaningful ways to communicate the QA
requirements of the government funding agency. He must also train
laboratory personnel in the general principles of quality (processes
definition, process control, and quality improvement). For example,
Fermilab is developing a 2 day training program that helps line
management more effectively implement the 10 Fermilab QA criteria
contained

in SQAP's, and presents an overview of the general principles

of

QA. An important aspect of this type of training program in a basic
research environment, is to intellectually demonstrate how the
management controls defined in the 10 Fermilab QA criteria can be valueadded to the process of scientific practice. One way of accomplishing this is
16 Fermilab's 10
QA Criteria are based upon the draft 10CFR830.120 (Quality
Assurance) that is currently being developed by the funding agency, the
U.S. Department of Energy.
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to isolate "lessons learned;" instances in which tighter, more well-defined,
management controls could have prevented quality problems or improved
performance. By focusing on "lessons learned," line management can
begin to develop a more preventative approach to achieving quality. The
important thing to note here, is that the training program is being
specifically tailored to communicate the principles of QA within the unique
research environment at Fermilab.
Finally, the fourth role for the QA professional is to provide oversight

to the line organization by regularly auditing the implementation of the
SQAP's to insure that what's written truly reflects the day-to-day operation
of laboratory activities. The key to effective oversight in a basic research
environment is to assemble QA audit teams that understand the principles
of QA, and QA auditing, but also have the appropriate scientific and
technical expertise to make veridical evaluations of the effectiveness of
organizations and activities. The Directorate has appointed a Quality
Assurance Committee (QAC) composed of a QA Officer from each
Division/Section of the laboratory. Each member of the QAC provides line
oversight for QA in his Division/Section and, in addition, participates in
internal assessments of organizationally removed activities under the
auspices of the Quality Assurance and Value Engineering Office which is a
part of the Fermilab Directorate. Four of the eight members of the QAC are
PhD physicists, which provides the required resources of technical
expertise. But in addition, Fermilab has developed a 5 day lead auditor
training course which is uniquely tailored to the l0 Fermilab QA criteria
and trains QAC members in the principles of conducting QA audits. When
assembling the audit team, one must follow the principles of peer review
mentioned above by evaluating the nature of the activity being assessed,
theu picking peers to overview those processes. In other words, only by
incorporating technical peers into the QA audit process, can the QA
oversight function provide meaningful feedback to laboratory
management

on the effectiveness of the QA

program.

When viewed from this perspective, even the negative images of the
QA professional are transformed into value-added roles. As consultant, he

advises line management on the appropriate management controls they
should use. As therapist, evangelist, and pastor, he attempts to intellectually
demonstrate that QA is a value-added aspect of scientific practice by the use
of "lessons learned." As mediator, he conceptually translates between the
languages of experimental particle physics and orthodox QA methodologies.
As process facilitator, he provides guidance on how to implement
Fermilab's l0 QA Criteria in the SQAP's. As trainer, he provides the
pedagogic context in which the expertise of technical personnel and the
principles of QA and management are brought together in a way that
communicates effectively to line management. Finally, as oversight
function, he must understand and respect the self-defined boundaries of
authority and expertise in science and integrate the appropriate peers into
the process of performing QA audits. The QA professional is not a peer to
anyone except other QA professionals and, much like the vicarious
authority of the scientist himself, his competence is predicated on his
ability to effectively articulate the principles of the QA paradigm within
the context of the particle physics paradigm, his ability to understand and
accept his technical limitations, and his ability to assemble a strong team of
technical peers to help him carry out his responsibilities.
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