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PREFACE

This paper was written to fulfill class requirements of
the course Strategy and Management of R&D and Systems
Acquisitions offered by the RAND Graduate School and taught
by faculty members George Donohue and Mike Rich.

This paper traces the development and upgrade programs
for a specialized aircraft, the F-4G Wild Weasel. It
examines potential reasons why the initial development
program for the aircraft succeeded whereas the follow-on
upgrade program failed. Because of the possible lesson it
may provide, this paper should be of interest to individuals
and policy makers throughout the entire high tech weapons

development cycle.






SUMMARY

In this paper I trace the evolution of one of the
"earlier"™ digitally controlled systems in a USAF fighter
aircraft, the F-4G Wild Weasel system. In it, I examine
first the initial, successful program that brought forth
this system and then examine a follow-on upgrade to this
system, an upgrade that failed. Among other factors, this
latter failure ultimately led to the pending demise of the
F-4G Wild Weasel and its mission.

In the final section of this paper I examine why the
initial program succeeded and why the upgrade failed. One
of the lessons that can be hypothesized from this
examination i1s that, from a developmental perspective, it
may be dysfunctional to encourage "user" involvement too
early on in a high tech program. Such may occur because the
differences between a developmental culture and an
operational culture may conflict to the extent that the
requisite, technological focus is diffused.

The insight gained from the foregoing may be useful to
planners and participants in high tech endeavors.

I conducted fourteen individual interviews pursuant to
this paper, interviews that present a problem in respect to
directly referencing them in footnote form. Such occurs
because, in several instances, I found myself in the role of
a "trusted agent" and, correspondingly, obtained informatiocon

that might otherwise be considered personally sensitive.
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For this reason, interview footnotes will be unattributed.

I accept all responsibility for their veracity.
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LIST OF ACRONYMS

AAA., Anti-aircraft-artillery

AFOTEC. Air Force Operational Test and Evaluation Center.
AN/APR-38. A special receiver set enabling the F-4G to seek
and destroy radar threats. The receiver that the converts
the F-4E into the F-4G Wild Weasel.

AN/APR-47. The follow-on receiver to the AN/APR-38.

ARM. Anti-radiation missile.

CDR. Critical Design Review.

CIS. Control and Indicator Set.

CPIF. Cost Plus Incentive Fee.

DRG. Directional Receiver Group.

F-4(C,D,E,G) Phantom. Various versions of the Vietnam War
jet mainstay.

FFP. Firm Fixed Price.

FPIF. Fixed Price, Incentive Fee.

FSED. Full scale engineering development.
HAWC. Homing and Warning Computer.

IOC. 1Initial Operating Capability.

LRU. Line Replaceable Unit.

MCAIR. McDonnell Douglas Aircraft Company.
PDR. Preliminary Design Review.

PLSS. Precision Location and Strike System
PUP. Performance Update Program.

R&D. Research and Development.

REP. Request for proposal.

ROC. Required Operational Capability.
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RWR. Radar Warning Receiver.
SAM. Surface to Air Missile.
SEA. Southeast Asia.

SPO. Systems Program Office.
TAC. Tactical Air Command.

TAC/DRW. Tactical Air Command, Directorate of Electronic
Warfare.

USAF. United States Air Force.

USN. United States Navy.

WASP. Weasel Attack Signal Processor.

Wild Weasel. A mission/aircraft configuration/aircrew

member formed for the purpose of destroying or suppressing
radar~guided surface threats.



THE WILD WEASEL DEVELOPMENT PROGRAMS

One Run, One Hit, One Error

Introduction

Although it is not a widely known mission, the USAF'’s
Wild Weasel mission has been a key ingredient in modern
aerial warfare. This mission, with its specially modified
Wild Weasel aircraft and specially trained aircrews, Qas
created in response to the introduction of highly lethal,
Surface to Air Missile (SAM) systems which were, and are,
critical threats to friendly aircraft. The most fundamental
description of Weasel’s mission is that it, as equipped with
special receivers, is able to identify and locate hostile
SAM (and other) radar signals and to home upon and/or
otherwise destroy these radars.

This paper focuses upon the two development and
acquisition programs for the special receivers that make the
current Wild Weasel the system it is and, unfortunately,
isn’t. Specifically, I’1ll first examine the initial,
baseline program that successfully brought forth the AN/APR-
38 receiver system (which, when installed in the F-4E
fighter aircraft, converts it into the F-4G Wild Weasel) and
will then examine the follow-on, upgrade program for this
baseline receiver system, a program that failed. So as to
best conduct this examination, I first look at the overall

mission in brief detail.



The Wild Weasel

In its simplest description, the Wild Weasel’s task and
goal is "to shoot them before they shoot us." This means
that the Weasel protects friendly aircraft from unfriendly
radar-controlled surface weapons by removing the opposing
systems from the game. The Wild Weasel’s goal therefore is
either to kill surface radar threat systems before they can
kill friendly airborne forces or to intimidate these surface
forces to the extent that they are neutralized.

As surface radars have improved with technology, the
USAF has found it necessary to modernize the Wild Weasel’s
high tech electronic configuration in order to keep it
abreast of the threat. Unfortunately, the Air Force hasn’t
always been successful in its attempts to modernize this
electronics equipment. In the case of the current
generation Wild Weasel aircraft, the F-4G, the initial
development and design efforts were successful and provided
the aircraft with the requisite technologies to perform its
mission. Such, however, was not the case for one of a pair
of incremental updates to this initial configuration; one of
this pair ultimately met the test, the other was a total
failure. The cumulative effect of this latter failure is
that, today, the F-4G can only marginally neutralize the
more modern threats and, consequently, it 1s being phased
out of the inventory. We can thus say that, in respect to
today’s Wild Weasel, the score is one run, one hit, and one

(fatal) error.



The Mission and Equipment

As was briefly described earlier, the Weasel’s primary
mission is to locate and destroy enemy radar threats which,
nominally, are those that control SAM threats and anti-
aircraft artillery (AAA) guns. The modern-day interest in
this role began in earnest early in the air war in Southeast
Asia (SEA) when, on July 24, 1965, a North Vietnamese SAM
system shot down an F-4C Phantom aircraft (an earlier
version of the F-4G aircraft) and damaged 3 others.l To
counter this newly introduced threat and to reduce its
lethality, the USAF undertook a hurried modification
program, a program that, after several iterations, fielded a
F-100F fighter modified with special receiver and homing
equipment. The modifications to this two seat version of
the F-100 permitted its aircrew to electronically search
for, find, and home upon threat radar signals. To better
provide these early F-100F (and the follow-on F-105F) Wild
Weasel crews with a capacity to do their job and yet
survive, specially designed anti~radiation missiles (ARMs)
were added to their stable of weapons. Equipped with a
mixture of ARMs, bombs, and guns, the Weasel and its crews
were effective to the extent that other friendly aircrews
were able to operate more efficiently and with less

vulnerability to radar threats.?

Irhornborough, 1988, p. 54.
Ibid., p. 55.



The USAF, in recognizing that the Wild Weasel mission
might necessarily be needed to protect friendly air forces
in environments outside that of the modestly sophisticated,
SEA arena, decided in 1968 to develop a more advanced
receiver/homing system for the Weasel mission and, moreover,
to install it in a more modern aircraft. From these early
beginnings, the AN/APR-38 Advanced Wild Weasel Program
evolved, a program that developed, for the day, a highly
sophisticated receiver/homing system and thence installed
this system in a later version of the F-4 Phantom. The
development and acquisition programs for this initial system
and its follow-on updates are the ones we shall analyze.
Developing the F-4G

Responding to a Tactical Air Command (TAC) Required
Operational Capability statement in 1968 (TAC ROC 35-68),
and in anticipating a program go—-ahead from Headquarters
USAF (which followed in December, 1968), the Naval Air
Systems Command, on behalf of the (then) USN F-4 Program
Office, issued a contract to McDonnell Douglas Aircraft
Company (MCAIR) in September, 1968, to conduct a feasibility
study for the USAF to identify the system that best
satisfied the Weasel requirement.3

Following this study, and pursuant to it, a Cost Plus
Incentive Fee (CPIF) contract was awarded to MCAIR in
November, 1969, to develop an advanced Wild Weasel system.

Under this contract, MCAIR was to serve as the prime

3U.S. Department of the Air Force, 1982,



contractor to design and build the AN/APR-38 Advanced Wild
Weasel receiver/homing system; to then install and test it
in two F-4D aircraft; and, upon the completion of successful
tests, to supervise the production of AN/APR-38 modification
kits which would be installed by the Air Force as a Class V
(i.e., system’s upgrade) modification. Ninety aircraft were
planned for the modification program.4
The projected costs for this program were $32.8M in R&D
funds and $74.5M (all costs cited are in "then-year," i.e.,
nominal, dollars) for modification kits and spares to
accommodate the 90 aircraft (see Fig. 1). The projected
schedule called for a completion of R&D by December, 1973
(see Fig. 2). The initial modification start-date was not
defined, but later documentation indicates than the Initial
Operating Capability (IOC) date for the F-4D Advanced Wild
Weasel aircraft was in early 1974. 1In April, 1972, the
USAF, through its Air Force Systems Command (at Andrews AFB,
MD) and the subordinate Aeronautical Systems Division (ASD)
System Program Office (at Wright-Patterson AFB, OH) assumed

management of the Wild Weasel program.5

41pid.
SIbid.
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Four, first-tier subcontractors had been selected to
participate in the winning award:

-IBM Federal Systems Division would design and develop

the receiver set and associated homing antenna arrays.

-Texas Instruments would produce the (then) 16K central

computer, the Homing and Warning Computer (HAWC).

-Loral Corp. would design and develop the daylight-

readable Control and Indicator Set (CIS).

-General Electric would modify the existing gunsights.

The team as assembled was a powerhouse of high
technology, but then, the task at hand was formidable.
Several important technical hurdles had to be overcome and,
importantly, packaged into the confined constraints of an
existing airframe, an airframe not known for excessive
space.

The major, pacing technological challenge centered
around the requirement to passively, and automatically,
deduce the range to emitting signals. The inability to
accurately and passively (i.e., on a receive-only basis)
deduce this range was a significant drawback to the, then,
existing Wild Weasel aircraft and had caused many of its
aircrews to employ their weapons outside of the proper
firing envelopes. The heart of the newer Weasel system
would thus be a series of interferometric antenna arrays,
arrays from which accurate azimuth and elevation bearings to

emitting sources could be determined and thence from which,



after a short interval, range to these emitters could be
calculated via triangulation.

Those familiar with interferometry will recognize that
electronic phase tracking is a key, underlying ingredient
therein. This then, electronic phase tracking, was the
critical technology that paced the Weasel’s developmental
effort. Today, even with our more sophisticated
technologies, the phase tracking task remains difficult; in
1970 the task was monumental. Only after painstaking and
diligent efforts by IBM, plus the investment of corporate
monies above and beyond those provided by the contract, were
the necessary breakthroughs made.® Such breakthroughs, it
is noted for later use, occurred only after a calculated and
paced development phase that consisted of, in essence, as
much basic engineering development as it did advanced
engineering development.

Other major technological challenges characterized this
effort to, in essence, place 10 1lb of digitally controlled
receiver technologies into a 5 1lb bag. One of the major of
these was the digital element itself; to that date no
company had attempted to package as much computer memory
into such a, requisitely, small package that would, in turn,
be called upon to perform flawlessly in the dynamic, high-g,
high-vibration environment of the F-4 fighter (this was in

the early 1970s--the first, bulky, handheld calculator--

6Interview, May, 1990. All interviews, except as
noted, are telephone interviews.



which could but add and subtract--was yet several years
away) .

Another pacing technology that evolved, and which may
seem trivial to the unsuspecting, was created by the
requirement that the cockpit scope displays be readable in
full sunlight; Weasel experience in SEA demonstrated that
the, then, dimmer displays couldn’t readily be seen in
sunlight without the aid of a (dysfunctional) shroud. In an
ironic twist however, the requirement for bright displays
conflicted with the need for displays that would be compact
enough to fit in the fighter’s cockpit; the requisite high
voltage components being in such close proximity to one
another could cause calamitous outcomes. Indeed, sparks
could, and did, fly!

An overall, technological challenge was to bring all of
these components from the subcontractors together into an
integral package and to construct the software to
appropriately control and integrate each element. This
integration and control task was undertaken by the prime
contractor, MCAIR; in doing so, innumerable hours were
expended in the laboratory and "on the bench" to bring
these, often irascible, elements into harmony. All told
there would be 24 new and separate electrical line
replaceable units (LRUs) or "black boxes"™ to tie together.7

It would be inaccurate to say that MCAIR’s software and

7y.s. Congress, S. 3000, part 8 at 4410, 1974.
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integration efforts resulted in a symphony, but, given the
day and age, their outcome was indeed good music.

The fact that these bench tests and integration efforts
were, at least to a modest degree, successful, culminated in
the first F-4D Advanced Wild Weasel test flight in November,
1972. Admittedly, to those in the program and "in the
know," this flight at the St. Louis facility was little more
than a successful "smoke test" (i.e., the equipment was
turned on and checked to see if it smoldered), but it at
least met program schedules and permitted follow-on
efforts.®

Two F-4D aircraft were modified for the flight test
program and six additional equipment sets were provided for
ground testing. The aircraft were ultimately flown to
Edwards AFB, California whereupon USAF test alrcrews flew
them against simulated threat systems on the USN’s nearby
China Lake range and against the more limited, but growing,
USAF range near Nellis AFB, Nevada. Because none of these
ranges, in themselves, could provide a signal environment
that was sufficiently dense enough to test the AN/APR-38
receiver to its design limits, MCAIR constructed a ground
chamber replete with numerous, synthetic "emitters" and
inserted receiver sets therein. Other receiver set
components were taken to different laboratories wherein they

were tested against the various military specification

"shake, rattle, and roll" tests of that era.

8Thornborough, 1988, p. 58.
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From the foregoing brief description, we see that
the AN/APR-38 program was in many respects designed as a
"textbook" developmental program. In recognizing that a
variety of high tech risks existed, the USAF instituted a
well thought-out effort that well embodied what would
ultimately become known as the "fly before buy" precept.

Being a high tech developmental program it was also a
risky program, and indeed failures did occur. Strange as it
would seem however, the major (but ultimately minor) failure
came not from the high tech sector but rather from the low
tech sector; specifically a "run-of-the-mill"™ electronic
power supply, one located in a special warning receiver,
failed to reliably provide power. Because the special
warning receiver’s outputs were a major ingredient in the
overall system’s performance, and thus a major element in
the flight test regimen, its inconsistencies began to affect
the flight schedule, and, correspondingly, flight
demonstration milestones began to slip.

In order to get the test program back on schedule,
MCAIR, in conjunction with the receiver’s subcontractor IBM,
designed a temporary fix to the errant power supply, but, by
this Jjuncture, it was obvious that a totally new design was
required. This new design would unfortuitously cause--
because it would necessarily require requalification to
military specifications--a major delay (1 1/2 years) in the

schedule.9

91pid.
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The delay, of course, further manifested itself in
terms of higher costs and delayed readiness. It was now the
fall of 1973, the originally projected R&D costs had risen
to $42.6M, progress was snalil-like, patience was becoming
strained, and temperatures were rising. The very viability
of the Advanced Wild Weasel program was about to come into
question when, thanks to the Egyptian high command, things
changed.

One glaring highlight of the October, 1973, Yom Kippur
War between Egypt and Israel is the fact that the Israeli
Air Force was severely bloodied by the new Soviet-made SAM
and radar-controlled, AAA gun systems which were introduced
by the Egyptians into the conflict. Employing innovative
and tactically sound "shoot-and-scoot" tactics, the
Egyptians, with these highly lethal SA-6 SAMs and ZSU-23 gun
systems, effectively established air superiority from the
ground, a superiority that was smashed only by other
(Israeli) ground forces.10

One fact the Israeli Air Forces quickly discovered, and
which the USAF soon learned, was that the Israeli F-4 Radar
Warning Receiver (RWR) was deficient in processing one of
the SA-6's signals, a signal upon which aircraft survival
hinged. Stated differently, the deadly message transmitted

by the SA-6 was going unseen by the Israeli aircrews.

lONordeen, p. 143. This role reversal, whereby ground
forces came to the aid of air forces, has largely gone
unnoticed but yet may mark a significant milestone in modern
warfare.
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The question was quickly asked throughout the USAF.
Did the USAF, which supplied the Israeli’s with their RWRs,
have the same problem? When surprised by the answer, the
question was re-asked. Did any of our receiver systems have
a capability against such signals? The Advanced Wild Weasel
team, still reeling from its faillures, quickly raised its
collective hand and heralded that the Weasel configuration,
as soon as the pesky power supply problem was fixed, did
indeed have such a capability. Serendipity thus came to the
forefront; the Advanced Wild Weasel program, because of this
already-existent capability, quickly became the focus of
high level attention, received top priority within the
tactical forces, and thus was placed back on track, or
almost so.ll

Because the power supply problem would definitely incur
a time delay, and in as much as the F-4D airframe would in
the not-too-distant future be relegated to the USAF
Reserves, the question was logically asked as to whether or
not it would be better to seek a newer airframe for the
Weasel, one that was then still in production, i.e., the F-
4E. Indeed, this suggestion was ultimately adopted and the
program was resurrected as the F-4E Advanced Wild Weasel
program for which follow-on R&D approval was provided in
mid—l974.12 The overall costs for this newer program,

which now included 116 aircraft, were $65.5M for R&D and

léThornborough, 1988, p. 58.
12y.s. Congress, S. 2965, part 9 at 5147, 1976.
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$256.9M for production--several items, such as ground
support equipment development and production, originally
excluded from the program were added to the program because
of a change in congressional law. The initial production
delivery was scheduled for 1976.13

The change from the F-4D to the F-4E airframe was not
without contention however; the installation of the AN/APR-
38 in the F-4E necessitated that the 20mm Vulcan cannon be
removed 1in order to permit the AN/APR-38’s antenna "chin
dome" to protrude below the nose. The F-4D, not having a
gun protruding below its nose radome, didn’t have this
problem but the F-4E did, and a strong lobby within the
fighter pilot community, having struggled to get the gun-

14 74 pe certain,

toting F-4E, fought against the change.
other antenna locations were investigated, to include a
location below the gun housing, but fuselage reflection
problems and/or vibration problems (especially from the gun
when fired) negated their use. The gun had to go.

This change was, from a technological perspective, not
without further merit. Many of the earlier Wild Weasel
avionics design tolerances could now, with the increased
volume freed up by the now vacant gun area, be relaxed.
Moreover, one of the critical components that, because of a

lack of other space, had been placed in a specially

constructed, yet marginally-cooled, compartment between the

13y.s. Congress, S. 920, part 8 at 4350, 1975.
14Thornborough, 1988, p. 59.
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two engines, could now be moved forward into the nose
section into a more benign environment. To be certain, the
F-4E Advanced Wild Weasel in its gunless configuration would
be the bane of many fighter pilots but, to those building
it, and to those who would maintain it, it was a great leap
forward.

The change in the aircraft was not the only change in
the program. Not only was a new power supply being pursued
for the special warning receiver, so also was an improvement
in the HAWC, the central computer. Digital technology had
marched forward during the intervening years and, now, it
was possible to install yet greater performance in the same
physical area. Correspondingly, the computer’s memory was
expanded to a whopping (for that era) 64K. This enabled the
inclusion of sorely needed additional software and
alleviated the tedious and error-prone necessity to download
and upload software for each test flight.l5

By December, 1975, the prototype F-4E Advanced Wild
Weasel airframe had been modified and flight tests with this
newer version began in earnest. Such does not mean,
however, that AN/APR-38 testing had been held in abeyance
pending the arrival of the new aircraft. Rather, the
earlier prototypes had continued to undergo both ground

tests and flight tests (in the F-4D), and the development

1574 my recollection, this increase in computer memory
also introduced the use of the phrase that, when first
spoken, was so readily embraced but that, with experience,
became an anathema: "We’1ll fix it with software."
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effort had proceeded apace. Some individuals within the
developmental community thought the system was nearing
production status.

According to congressional testimony in mid-March 1976,
the program office believed that sufficient insight would be
gleaned from all of the test programs such that a production
decision could be made in July of that year.16 At this
point it was estimated that the total R&D costs would rise
to $73.4M and the production costs to $235.9M. The first
"production" aircraft was scheduled to leave the
modification line in October, 1977.

Such, however, was not to be; in July of 1976
operational flight tests with the F-4E Advanced Wild Weasel
(now renamed the F-4G) showed that, from an operational
perspective, several overriding deficiencies still existed
in the system. The rush to field the F-4G was thus held in
abeyance until further flight tests (nominally to evaluate
new software algorithms) could be conducted.?”

By August, 1976 the bulk of these additional flight
tests had been completed to the extent that it was
determined that the F-4G was ready for full production.
Unfortunately, given the precarious intertwining and mutual
dependencies of governmental costs and schedules, the damage
had already been done; the program office was unable to

recoup the time lost and thus the program was again

16y, s, Congress, 1977, p. 5154.
171pid.
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stretched, and at additional costs. In the final,
preproduction briefing to Congress, the program’s R&D costs
had grown to $78.7M and production costs had grown to
$245.8M. Notwithstanding the delays and cost increases
however, the Wild Weasel community, in sensing the
significant increase in capability that would be provided by
this newer generation Weasel, stood firmly behind the
continued development and production of the modified
alrcraft. The initial delivery was now scheduled for early
1978 and deliveries would extend until mid-1981.218 This
would be the schedule that, for the most part, would hold.

The foregoing is but a thumbnail sketch of an intricate
developmental program, a program that was composed of many
interesting facets that, for brevity, were necessarily
omitted. Missing, for example, are anecdotes wherein
Congress itself increased program costs by changing the
procurement rules midstream. Missing are the production
planning nightmares that were suffered as this early-on
digital device was required, on a small number basis, to
compete against Detroit as the automobile industry switched
to solid state components. Missing also i1s the description
of the delays caused by a change in the industrial priority
rating system upon which the program’s production plans had
so strongly relied.

The foregoing does, however, attempt to capture and

adequately portray the detail and care by which this

18y.s. Congress, S. 1210, part 6 at 4382, 1977.
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complicated program moved forward. To be certain, the
program had its glitches and growing pains but, in the main,
it maintained, in spite of some significant setbacks, a
certain degree of forward momentum and, ultimately, earned
support from the highest levels within the USAF. First and
foremost however, and throughout this effort, it was
recognized and accepted that it was a developmental effort
and would likely be fraught with hits and misses. Failure,
although abhorred, was tolerated; it was acknowledged as
being the nature of the beast. Such, however, cannot be
said for the programs to upgrade the AN/APR-38 to give it an
increased capability to counter a new series of threat
systems that had evolved during its long gestation period.
The Performance Update Program (PUP)

In 1979, just as the F-4G was reaching operational
maturity, the USAF decided that its late-1960s vintage
AN/APR-38 hardware needed to be upgraded. It wasn’t that
the hardware itself suffered major shortfalls, but rather
that the radar threat environment had evolved beyond that
which could be accommodated by software upgrades alone.

The pacing elements were as follows: (1) The number of
radars against which the AN/APR-38 had been designed to
operate had increased threefold since its late-1960s design;
(2) the signal density had increased thirtyfold (because not
only had the number of radars increased but also because
many of them individually emitted more signals); and (3)

some radars, especially those capable of operating in a
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monopulse mode, could be particularly difficult to
intercept, particularly when interspersed with a multitude
of other signals. An appropriate analogy is that the
"haystack" had grown immensely larger while, simultaneously,
some of the important "needles"™ had shrunk.1?
From a fundamental perspective, the changes required to
update the baseline AN/APR-38 system were twofold: A larger
and substantially faster centralized computer (PUP I) was
needed to replace the now antiquated, 64K HAWC and a more
(signal-wise) robust, wideband, channelized receiver set
(PUP II) was needed to replace the narrowband,
superhetrodyne receiver. In all, 10 (of the original 24)
LRUs, to include the antennas, would need to be replaced.20
In May, 1981 the ASD Program Office released a
request for proposal (RFP) to industry for both parts of the
PUP program. The underlying requirements that were sought
had been determined by simulations and studies conducted
individually by both MCAIR and IBM. This program, perceived
by the USAF to be from medium to high technical risk, was to
be conducted as a Fixed Price, Incentive Fee (FPIF) program

during the full scale engineering development (FSED) phase

and as a Firm Fixed Price (FFP) program for the phase in

19ir University, Ira C. Eaker Center for Professional
Development, "Senior Executive Forum on Software Management,
F-4G Wild Weasel Performance Update Program," Maxwell AFB,
AL, 1986 (mimeographed).

Air Force Systems Plan, Aeronautical Systems
Division, "Acquisition Plan. F-4G/APR-38 System Performance
Update Program,"™ Wright-Patterson AFB, OH, 1982
(mimeographed) .
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which the modification kits for (then) 108 aircraft were
produced.21

The costs for the PUP program (both PUP I and PUP II)
were estimated at $60M for the FSED portion and $200M for
the production effort.42 The schedule for the pace-setting,
receiver (PUP II) portion projected the delivery of the
first FSED unit 24 months after contract award and the first
production unit approximately 48 months after award (see
Figs. 3 and 4) .43

Only two proposals, one each from MCAIR and IBM, were .
received in response to this RFP but, notably, both were
deemed nonresponsive. MCAIR’s technical proposal was
adjudged adequate but, contrary to RFP instructions, no cost
data was provided with this proposal; MCAIR was, in essence,
refusing to bid a fixed price for either the FSED portion or
the production portion. We note that, at this juncture,
MCAIR, not being a receiver "house,"™ had not yet chosen its

PUP II receiver set subcontractor.

211pig.
221nterview, May, 1990. These cost figures are
approximate.
Air Force Systems Plan, 1982, p. 4.
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IBM, the original AN/APR-38 recelver subcontractor, was
deemed technically nonresponsive; they had bid a proposal
whose technologies fell below the technical threshold
desired by the USAF. According to an interview conducted at
a later date, the underlying message contained within IBM's
proposal was that the technical thresholds sought by the
USAF in its RFP couldn’t be attained within the cost and
schedule constraints that were imposed. In other words, IBM
viewed the receiver development program to be, 1in essence,
an advanced development program rather than the FSED program
sought by the USAF. The critical, pacing technical item
was, in their view, the necessity to physically shrink
existing channelized receiver technologies to the extent
that the receiver could fit within the limited physical
space requirements mandated by the USAF in its adherence to
a "form, fit, and function" replacement philosophy.24

The USAF issued a second RFP in February, 1982, with
the fixed price structure being replaced by a Cost Plus
Incentive Fee (CPIF) contract. At this juncture the
program’s cost estimates had increased to $111.7M for FSED
and $302M for production. These increased estimates
reflected the USAF’s reassessment of the overall
technological risk, a reassessment that was based, in part,
on an "RCA Price model," a model that includes, among other

inputs, a contractor’s previous experience.25

§4Interview, December, 1986 (personal interview).
Air Force Systems Plan, 1982, p. 6.



23

Only one prime contractor, MCAIR, responded to this
second round of bidding for the PUP program. Rather than
submitting a second proposal for the program, IBM had
elected to "no-bid" the program because of its assessment of
risk. As we shall see, this no-bid decision was one that
was latent with warnings of technical impracticalities,
warnings, however, that went unheeded.

Subsequent to MCAIR’s, now-compliant bid, the Air Force
awarded the contract for both the PUP I and PUP II efforts
to MCAIR. A follow-on solicitation by MCAIR resulted in
their selection of (then) Sperry Corp to build the PUP I
Weasel Attack Signal Processor (WASP), a computer that would
ultimately have eight times the memory (256K) of the
original Weasel computer and a speed seven times faster.26

Although the PUP I computer program did indeed have its
share of technical difficulties, difficulties that in
themselves required extraordinary efforts on behalf of
Sperry, the program was ultimately successful. The WASP, as
did its predecessor the HAWC, today constitutes the brains
of the F-4G Wild Weasel receiver system, a system that, with
the addition of the WASP, is now known as the AN/APR-47.
Because of PUP I’'s "success" we shall forego further
substantiative discussion of it and will instead concentrate
on that portion of the PUP program that failed, the PUP II

receiver update.

26Air University, 1986, p. 5.
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Formally titled the "Directional Receiver Group" (DRG),
the PUP II program was awarded by MCAIR to E-Systems
Corporation’s Garland (Texas) Division. E-Systems, known
primarily as a "large aircraft systems house," had already
built large channelized receivers for "black world"
endeavors.?’ Notably, E-Systems’ winning bid was priced at
$31.1M, a far cry below a competing bid of approximately
$130M for the same effort.<8

This PUP II contract, now awarded in March, 1983,
called for 8 FSED units with the first unit to be delivered
for ground testing by October, 1985, and the subsequent
units for flight testing by May, 1986. The USAF’s Critical
Design Review (CDR) was scheduled for mid-1984,
approximately one year after MCAIR’s award. The Preliminary
Design Review (PDR), originally intended by the very first
program schedule to occur in January, 1983, did not, from
the documentation available, ever transpire.29

The first USAF program review for the PUP program
occurred during March, 1984. Copies of this review’s
viewgraphs indicate a successful program; only the normal
"growing pains" seem evident and, in fact, the viewgraphs
contain references to an acceleration of the FSED effort so

as to "capture" two "add-on" F-4E aircraft while they were

271bid.

28Interview, May, 1990.

29nir Force Systems Plan, 1982. The original schedule
(as attached for information purposes to this 1982
Acquisition Plan) shows the PDR date listed. Subsequent
schedules presented during program briefings show no
reference to any PDR, planned or otherwise.
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still on the F-4G modification line.3Y The underlying
message was that the program was not only proceeding well,
but that it alsoc could be accelerated.

Such, however, was far from reality. Softly in the
background of this trumpeted progress were cries of
foreboding, cries that were but marginally heeded; E-
Systems, the PUP II subcontractor, was having substantial
difficulties in miniaturizing its channelized receiver.
These difficulties should not have been too surprising; E-
Systems, known mostly for its talents with large systems,
was, by analogy, effectively attempting to compress
hundreds, if not thousands, of "TV sets" into one TV frame.

So demanding was the task of miniaturizing some of the
subcomponents that E-Systems was unable to persuade several
of the appropriate manufacturers to fabricate and deliver
the necessary circuits; the task, given the cost and
schedule, was deemed infeasible by them. E-systems,
nominally a component integrator, was thus forced to try to
develop these sub-scale parts in-house and with all of the
increased costs and significant delays therewith. By the
March, 1984, program review, E-Systems, rather than
proceeding comfortably with PUP II, was in fact in
trouble. 31
The SPO didn’t bear complete blame for its optimistic

claims and for its agreement to accelerate the program; the

30ppr-38 Performance Update Program Review, March,
1984. Viewgraph copies (mimeographed.)
Interview, May, 1990.
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managers therein were but marginally aware that problems
existed. The crux of their knowledge gap resided in the
fact that E-Systems, the sub-contractor, was discouraged by
the prime contractor against revealing their shortfalls to
the USAF.3?

Program officials would not remain in the dark for much
longer however; the USAF was notified by MCAIR that the
originally-proposed May, 1984, Critical Design Review was,
because of technical difficulties, premature and, instead,
it was suggested that a first quarter FY 1985 timeframe
(circa January, 1985) was more appropriate. In complying
with this request, the USAF was subsequently disturbed to
learn during the, now delayed, CDR that E-Systems’ design
was still largely only on paper and still unproven. The
CDR, now being conducted approximately a year and a half
into the program, was effectively little more than a PDR.
The first FSED unit that was due in 6 months was no where in
siqht.33

In the viewgraphs of the August-September, 1985,
Program Review, we note the following items in respect to
the PUP II program and its now-apparent difficulties: The
R&D costs had grown from the 1982 estimate of $112M (total,
to include PUP I) to approximately $225M by June, 1985. A
major portion of this cost growth was for the PUP II CPIF

portion in which E-Systems $31.1M contract was increased and

32Interview, May, 1990.
Interview, May, 1990.
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capped at $83M (to be equitable, we must note that the
overall scope of the PUP program, in toto, had also
increased and represented a large portion of the cost
growth). The initial delivery of the first FSED units,
originally planned for late 1985, had now slipped to late
1986. The flight test start date had slipped from late 1985
to mid-1987. Worse yet, production deliveries, originally
planned for early 1988 would not occur until early 1990.
Miniaturization problems remained the culprit.34

Even these stretched and revised schedules remained
ocptimistic; the first receiver unit was not to be delivered
to MCAIR for integration and testing until March 31, 1987,
almost two years late. The remaining 7 FSED units that were
planned would ultimately go undelivered.3°

During this development period, support for the update
program had seriously begun to wane. The user (TAC/DRW) had
expressed concern with the cost growths and schedule delays,
and, moreover, the "evaluator," the Air Force Operational
Test and Evaluation Center (AFOTEC), had assessed the
suitability of the system as being marginal (this assessment
was mostly in respect to the PUP I portion, which was also
experiencing growing pains). The handwriting was on the

wall; patience was growing thin.36

34F—4G/APR—47 Wild Weasel Performance Update Program
Revieg5 August, 1985. Viewgraph copies (mimeographed).
F-4G/APR-47 Wild Weasel Performance Update Program
Review, July, 1987. Viewgraph copies (mimeographed).
F-4G/APR-47 Wild Weasel Performance Update Program
Review, July, 1986. Viewgraph copies (mimeographed).
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Shortly after delivering its first (and only) unit, E-
Systems announced that it would be necessary to redesign the
PUP II configuration and that, in fact, a change of
approximately 80% was required before unit #2 could be
delivered for testing. Moreover, the $83M cost cap, a cap
that was being approached, would need to be raised;
depending upon the estimates chosen, approximately $50M in
extra funds would be needed to sustain the PUP II redesign.
Additionally, a slip of several more years would be
incurred. 3’

Ironically, at this juncture the USAF now redesignated
the first receiver unit, which had now been delivered to
MCAIR to be an (advanced) "engineering model" rather than an
FSED model. This was both an acknowledgment of the
magnitude of the hardware tasks at hand and a recognition of
the fact that the unit functioned only in the laboratory.

It was far from the F3ED "prototype" envisioned in 1983.38

The demise of the PUP II program (and ultimately of the
F-4G Wild Weasel program) was effectively now only a matter
of time. In August 1987 the ASD Commander (a 3-star
general) made a formal inquiry to E-Systems to seek an
explanation of its shortfalls. A follow-on USAF team
visited the subcontractor and concluded that a redesign was
necessary but that it did appear feasible. The question

that remained was, as the funding profiles dictated, what

37Interview, May, 1990.
38pir University, 1986, p. 21.
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would E-Systems do in December of that year as it reached
its spending cap?

By November, 1987 the answer was clear; E-Systems would
stop work without additional monies; moreover the estimated
R&D costs had grown by an additional $100M, a growth that
would finally toll the death knell to the program. Shortly
later in the same month, the user, TAC, formally recommended
program termination; it was officially cancelled in March,
1988.39

In somewhat of a facesaving gesture, the PUP I
computer, after suffering a somewhat bumpy development road,
was produced and was installed in the F-4G, an installation
that in turn enabled this "new" AN/APR-38 configuration to
be redesignated as the AN/APR—47.40 This installation,
although it may have given the appearance of a "success,"
only partially concealed the reality that, without the
failed PUP II receiver portion, the overall systen,
regardless of a new nomenclature, was outdated.

Largely an engineering exercise, but yet also in somewhat
of a facesaving endeavor, MCAIR’s technical team did
eventually manage to integrate the original FSED unit into
their system hierarchy. Moreover, they were able to
demonstrate that the new receiver and its attendant software
could detect and process the pacing, modern threats against

which it had been designed.41

39Interview, May, 1990.
40Interview, April, 1990.
4lpir university, 1986, p. 21.
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Unfortunately, their efforts, as well as any other
efforts directed toward the Wild Weasel program, would be
for naught. The USAF has recently decreed that not only did
the PUP II program merit termination, but also so did the F-
4G Wild Weasel program, in toto, as well. Scheduled to
phase out in 1992, these aircraft are now ordained for the
"boneyard" with no like replacement being sought.42
Why Success, Why Failure?

A logical question that quite naturally arises from the
foregoing is, "Why did an update program, one which was less
extensive than the original program, fail whereas the
original had succeeded?" This is a good question indeed and
its answer may serve not only to provide additional
enlightenment about the Wild Weasel program, but also may
perhaps provide enlightenment for other, like, high tech
military developments.

Many differing factors came into play 1in respect to the
two programs and they impacted each one differently. For
the original program, for example, failures and glitches did
occur but, as has been shown, the impetus of war sustained
the program; the upgrade program’s failures suffered only
the pangs of peace. This did not end here however.

Yet another factor is that the original program
transpired in a era that was reasonably free of other high

tech debacles. The upgrade program, by contrast, would

42Interview, May, 1990. More recent information
indicates that this retirement date may be extended.
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reside in a field of failures, to include the EF-111A
upgrade program, the failed Precision Location and Strike
System (PLSS) development, B-1 Defensive Avionics, etc.
These many "bad examples" strained developmental tolerance,
a strain that undoubtedly spilled over into PUP II.

Another factor i1s that the repackaging and integration
effort for PUP II was unguestionably more difficult than
anticipated by all parties concerned. To be certain, the
techniques themselves were operational in larger programs,
but few foresaw the difficulties inherent in
miniaturization. The original program, on the other hand,
was recognized from the onset to be a major technological
leap forward; the community was expecting difficulties from
such a major leap and was thus more tolerant of failure.
Moreover, the magnitude of the failures that occurred seemed
smaller.

These and many like reasons accrue as to why the one
program succeeded and the other failed. Unquestionably, the
specific culprit was that the repackaging and miniaturizing
task was far underestimated, and the costs and schedules
thereto were excessively optimistic. This, without a doubt
was the pacing item but, notwithstanding, we should ask if
this failure was avoidable and if, perhaps, lessons outside
of these more microscopic domains could be gleaned. The
answer to this question is a qualified "yes"; perhaps a more

macroscopic lesson does exist.
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A key clue in the matter is that PUP warning flags were
raised on several occasions, but they went ignored. Had
their message been heeded, they could have presaged
increased technological prudence and, quite likely, induced
better innovation management. The key macroscopic lesson
thus resides in the question as to why these warnings went
ignored; with increased technological prudence and
management, it is hypothesized, the program, although not in
original form, could have succeeded. 43

The critical warning flag was the one flown by the
original receiver subcontractor, IBM. In its bid, a bid
purposefully restrained in technical scope to reflect the
perceived shortcomings of the constricted schedules and
budgets (which were proven, even as amended, to be
significantly underestimated), IBM was deemed technically
nonresponsive. In this respect, IBM, having failed to do so
informally, was using its proposal to formally notify the
USAF that its program was far too optimistic and that the
task couldn’t be done as mandated by programmed funds and
schedules (alsc remember, the original RFP was for a fixed
price program). Again, we should reemphasize that this
notification was from the subcontractor which had been the
closest to the Weasel’s receiver and to its needs.

Notwithstanding the clear message that came forth, the USAF

43Interview, May, 1990.
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"oressed-on" with a second RFP. IBM declined to submit a
second proposal.44

A second unheeded warning flag was, as we have seen,
that E-Systems’ only viable competitor submitted a bid that
was almost $100M higher ($130M--an amount that was close to
one of the final PUP II cost estimates). Again, the message
herein was lost; combined with IBM’s message, the USAF
should have known it was getting a false bargain.

These, alone, should have constituted critical flags
which should have alerted the USAF. Why, then, although the
service had conducted an earlier, technologically prudent
program for the baseline AN/APR-38, did it fail to pay
attention and to recognize the limitations and risks imposed
by its upgrade program? Why was the service over its head
from the start of the PUP program and yet failed to listen
to the cautioning murmurings that evolved? Lacking a better
tool, we look toward organizational theory for an answer.
Organizational Images

In his seminal book, Images of Organization,
organizational theorist Gareth Morgan explains organizations
and organizational life in terms of:

metaphors that lead us to see and understand
organizations in distinctive yet partial ways.
For the use of metaphor implies a way of thinking
and a way of seeing that pervades how we

understand our world generally. . . . By using

44Interview, May, 1990.
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different metaphors to understand the complex and
paradoxical character of organizational life we
are able to manage and design organizations in
ways that we may not have thought possible
before. 4

This, the metaphor approach, will be the analytical
vehicle employed for the question at hand. Although it
undeniably suffers the many weaknesses inherent in
subjective assessments, and it could serve to possibly
stretch credulity, the metaphor analogy, when employed, does
indeed provide an insight that heretofore may have been
missing and that may illuminate this and other like
developments.

When we compare the two separate phases of the F-4G
Wild Weasel development in terms of metaphors we find that
we uncover some potential explanations that may have
octherwise gone unseen. Specifically, we find that in the
first, early-on development program we may have had,
metaphorically speaking, an organization that embodied what
Morgan terms the "brain (or cybernetic) metaphor."46

As a principal ingredient of this metaphor, we see
organizations employing "double loop"™ learning processes
(i.e., iterative feedback) whereby the relevance of items

and issues, to include operating norms, is constantly open

to question. 1In discussing this process--and in

45Morgan, 1986, pp. 12-13.
461pid., pp. 74-109.
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demonstrating the concept’s principal precepts and
guidelines--Morgan notes we should:

First, encourage and value an openness and

reflectivity that accepts error and uncertainty as

an inevitable feature of life in complex and

changing environments. . . . Rather than create

(sic) conditions which lead employees to hide or

deny error and to avoid asking problematic

questions, as often happens under bureaucratic

systems of accountability, it is necessary to

encourage them to understand and accept the

problematic nature_of the situations with which

they are dealing.

This double~loop, questioning attitude is a key feature
of the brain metaphor; "give and take" are the order of the
day, and particularly in complex undertakings. Although it
cannot be proven so, this appears to be the metaphorical
framework that characterized the first development cycle for
the F-4G Wild Weasel. To be certain, the Yom Kippur war
bolstered support for a faltering program, but, over and
above this factor, tolerance, questioning attitudes, and
feedback added forbearance to this phase; the cybernetic
metaphor seems to apply. Those individuals who were in or
near this earlier development program agree that this tended
to be the nature of things.48

As an introduction to the metaphor that may have

applied during the PUP phases, it is beneficial to note

471pid., p. 91.

48Interview, May, 1990. For a similar observation see,
McCurdy, November, 1989, pp. 301-310, wherein the author
suggests that the shuttle Challenger failure may have been,
in part, caused by the diminution of what, he terms, a
"technical culture." This culture parallels the "brain
metaphor" embodied herein.



36

Morgan’s explanation of why double-loop processes are

resisted:

A third major barrier to double-loop learning
stems from the fact that there is often a gap
between what people say and what they do.

Many managers and employees attempt to meet
problems with rhetoric or rationalizations that
convey the impression that they know what they are
doing. This may not be just to impress others,
but also to convince themselves that all is well
and that they have the ability to cope. They also
often engage in diversionary behavior, consciously
or unconsciously, as when threats to a basic mode
or practice lead an individual to deflect blame
elsewhere and to tighten up on that practice,
intensifying rather than questioning 1its nature
and effects (emphasis added). In such
circumstances it becomes increasingly difficult
for the manager to confront and deal with the
realities of a situation. Developments here may
be reinforced by social processes such as
"groupthink": group mindsets developed on the
basis of social reinforcement which are often very
difficult to break. Individuals, groups, and
departments may thus develop espoused theories
that effectively prevent them from understanding
and dealing with their problems. Double-loop
learning requires that we bridge this gulf between
theory and reality so that it becomes possible to
challenge the values and norms embedded in the
theories in use, as well as those that are
espoused.

Was the foregoing—--the antithesis of the brain
metaphor—-in fact occurring during the PUP II development
phase? The answer appears largely to be in the affirmative;
an analysis, in this instance through the "lenses" of yet a
different metaphor—-—-the cultural metaphor—--does seem to bear
this out.

Prior to discussing the cultural metaphor, however, it

is first appropriate to set the stage by paraphrasing some
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of the (unattributed) statements regarding the PUP program

that were garnered during this research:

Having just come from engineering school, the
program seemed doomed for disaster. None of the
prudent engineering tasks were being performed.
Yet, no one was willing to listen--we were told to
just press-on and get the job done. The users
were mandating technology.

The original acquisition plan didn’t assess the
risk correctly. The first RFP fallure should have
alerted us to this. However, the program, almost
in lock step, marched onward unheeding the
warning.

The idea was to get the contractor (either IBM or
MCAIR) on board and then make him eat the risk.
We’d make him perform.

IBM was too embarrassed to bid the second time.

MCAIR initially refused to bid a fixed price
contract; they really me off by refusing to
play the way they should have. It seemed they
didn’t want to be a team player.

The tasks were overspecified. There didn’t appear
to be one overall source of these specs but no
backoffs were allowed. MCAIR layed on extra
specs.

E-Systems, having underestimated the repackaging
task, wasn’t permitted by the prime to talk to the
USAF about it. We were told to perform, or else.
We weren’t allowed to talk!

The first (PUP) Program Manager, being new, didn’t
have the savvy to keep the users at arms length.
He mostly went along with the flow and acquiesced
to their push. Had he been more experienced, he’d
likely insisted on a more reasonable approach.

It was manifested by technological exuberance. We
kept asking the questions of different engineers
until we got the answers we wanted and that’s what
we went with.
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There weren’t enough developers in the loop with
operational experience. Had there been, we could
have made it work.

We were gonna’ make this happen.

Morgan notes that, from a metaphorical perspective,
organizations can adopt a cultural "in group" lifestyle that
forces conformance and groupthink. We can gather more than
a hint of this from the foregoing quotations; we see that,
as contrasted with the aforementioned cybernetic metaphor,
feedback was suppressed and a cultural momentum emphasized.
This observation 1s enforced by comparing some of the
foregoing statements again with Morgan:

and led to a situation where the organization
became increasingly unable to deal with real
problems. Since the identification of problems or
concerns about company operation frequently
created controversy which the organization didn’t
really want to handle, the staff tended to confine
their discussion of these issues to private
places. In public, the impression that all was
well gained the upper hand. When problematic
issues were identified, they were always presented
in the form of "challenges" to minimize the
possibility of upsetting anyone. Driven
underground by a style of management that
effectively prevented the discussion of
differences, genuine concerns were not given the
attention they deserved. Not surprisingly, the
organiz%%ion no longer exists as a separate
entity.

Military organizations, and especially those close to
operational, combat domains, do indeed--and quite logically-
—-seek to build a cultural concensus within their
memberships. "We’/ re Number One," "CAN DO," "Team

Mildenhall, "™ "Our Mission Is to Fly, Fight, and Win, and

49Morgan, 1986, p. 123.
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Don’t You Forget It" are typical maxims upon which
operational cultures are founded. In comparing these
exhortations with some of the foregoing quotations, it takes
but a minor stretch of the imagination to envision an
operationally oriented cultural metaphor, one replete in
operational hyperbole, coming to bear during--and in turn
driving--the PUP II development; if such 1s correct, it
could be further hypothesized that such cultural attitudes,
while salutary in the operational domains, may in fact be
counterproductive if permitted to prevail within the
developmental domain. Cultural, lock-step conformity,
abetted by a "pep-talk fervor" may only reinforce stifling
groupthink rather than encouraging prudent, technical
management .

We cannot with any degree of certainty state that
either of these metaphors, as described, occurred in the
programs under study. However, the indications may be that
their presence was felt; let’s look again at these programs
from a different perspective, one perhaps provided by the
metaphors.

In the early-on AN/APR-38 development program, and
likely because of the major technical and operational leap
forward, the exposure and influence of the "technologist™
was maximized. To be certain, the using community was
consulted and included during the development phase but,
because of, if nothing else, the lexicographical differences

that existed, the user’s otherwise "can do" enthusiasm was
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muted; he didn’t know the right phrases by which to "lead
the charge." The brain metaphor, one of which sought
double-looped, correcting feedback, appeared to predominate
in this phase.

To the contrary, the "Damn the Torpedoes, We’re Gonna’
Make it Happen" culture, one that was goal/results oriented,
may have triumphed, negatively, in the PUP II programs. By
this juncture, overall program management, from the Pentagon
on down, had transferred to the operational domain; the coin
of the cultural realm was operational necessity and
operational acumen rather than developmental prudence and
technical acumen. Moreover, the user had by now developed a
limited degree of familiarity with the technologies involved
in the AN/APR-38 and thus a modicum of technical confidence
had evolved. Within a culture of this nature it made little
difference i1f technological realities appeared in the way;
"We’ll hold his (the contractor’s) feet to the fire" loomed
as all-but-too-obvious solutions.

As discussed by Morgan in his chapter describing the
cultural metaphor, leadership style, sloganeering, and
personal charisma may have predominated the more sobering
and pacing technical realities, realities over which no
rousing speeches nor anecdotes could prevail.

One PUP SPO director of that era may have captured the
phenomena well in his statement that, "The old days of the
ultimate test of weapons systems consisting exclusively of

high-speed dives from 20,000 feet are past; modern
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weapon. . . tests will call equally for a thorough
understanding of such relatively unexciting chores as
sitting in front of a computer keyboard. . w50

If indeed the foregoing observations and metaphors are
correct, what is the lesson to be learned? Simply stated,
the lesson may be that, paradoxically, in the development or
upgrade of high tech weapons it may be dysfunctional to
adopt an operational focus too early on because it may, in
turn, diffuse the requisite technological focus. The
development of high tech weapons requires a sensitive blend
and balance of both technical acumen and operational acumen.
As experience with a sophisticated system grows within a
using community (as it did with the Weasel over time) the
center of focus shifts away from the technical domain and
more toward the operational domain. While this, obviously,
is a desirable result, it could serve to confound and
diffuse technological realities whenever new technical
endeavors ensue.

Should this supposition be reality, it can be seen that
a strong cultural tendency can evolve and serve to diffuse
the technical spotlight. Moreover, it may wrongfully lead
to a beguiling proposition that, in respect to technological
developments, operational acumen and fervor can substitute
for, otherwise requisite, technological acumen and

moderation. The aphorism positing that "A little knowledge

50niy University, 1986, p. 22.
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is a dangerous thing" may more than amply apply, and
particularly in respect to high tech developments.

Neither the research behind this report nor this report
itself can firmly assert that the foregoing supposition is
correct. We can see however that the potential may exist.

This, in my opinion, constitutes a field rich for
exploration. Should research indicate that user involvement
may be counterproductive if introduced too early in
particular phases of technical development, it may be
beneficial to devise procedures whereby initial operational
tests are postponed rather than introduced sooner. Perhaps
developmental testing by the developer, testing with more
operational content, should proceed instead. This, however,

remains food for thought.
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