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A

t the behest of Congress, the Pentagon is poised to conduct a fly-off to determine the future viability of the Air Force’s close air support (CAS) platforms.
For the past several years, the Air Force has tried to retire its fleet of A-10s,
suggesting that its other platforms, including newly-arriving F-35s, could assume
the CAS mission from the venerable but aging Warthog. These more modern platforms armed with an array of high-tech weapons, Air Force officials often explained,
could better achieve the desired CAS effects across any battlespace, including regions
where enemy defenses might otherwise imperil the low, slow A-10.1 The service’s
position met significant opposition, however, extending from the blogosphere to
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congressional chambers. Advocates for the A-10 countered that the relatively simple,
battle-hardened Warthog brings irreplaceable capability and weapons effects to the
battlefield, and at a fraction of the procurement and operating costs of the servicefavored F-35.2 To prove their point, several A-10 proponents repeatedly called for a
fly-off between the two platforms, but in August 2015 Air Force Chief of Staff Gen
Mark Welsh quipped that such a test “would be a silly exercise.”3 Then in the summer of 2016, Rep. Martha McSally (R-AZ), a former A-10 combat pilot, introduced
legislation requiring a head-to-head test of the two platforms during a portion of the
F-35A initial operational test and evaluation; the fly-off would have to be completed
before Congress authorized any additional changes to the A-10 force structure.4 In
an opinion piece published in The Air Force Times, McSally outlined the test’s objectives, “The testing must demonstrate how the two aircraft can perform missions in
realistic combat settings, such as when pilots are required to visually identify enemy
and friendly forces in close proximity, both during the day and at night.”5
While recent reports indicate that the new Air Force Chief of Staff, Gen David L.
Goldfein, has elected to push the A-10 retirement out to 2021, the rancorous A-10
versus F-35 debate is likely to persist, and the mandated CAS fly-off is still slated to
occur in early 2018.6 It is, therefore, still worth evaluating the potential merits and
pitfalls of the forthcoming F-35/A-10 matchup, which will be conducted under the
supervision of the Pentagon’s Director of Operational Test and Evaluation
(DOT&E). For that, I suggest we first examine the notion of military testing and
then turn to a potentially informative historical example of two congressionallymandated tests conducted 40 years ago—the Air Intercept Missile Evaluation and
the Air Combat Evaluation (AIMVAL–ACEVAL).

The Social Construction of Military Testing
From an early age, we are taught that to gain new knowledge we must construct
hypotheses, design experiments to test those hypotheses, and then evaluate the results
to prove or disprove our hypotheses. The process is known as the scientific method,
and it brought the world out of the Dark Ages. While the triumph of experimentalism
in the mid-seventeenth century and the corresponding scientific revolution has
long been assumed to have been a smooth transition—a self-evident and predestined
transformation in the development of human knowledge—the historical record
suggests otherwise. As Steven Shapin and Simon Schaffer observed, the rise of experimentalism generated existential questions concerning “the nature of knowledge, the
nature of the polity, and the nature of the relationship between them.” Robert
Boyle and the experimentalists prevailed, but “[Thomas] Hobbes was right. . . .
Knowledge, as much as the state, is the product of human actions.”7 Shapin and
Schaffer’s conclusions are not unique. Thomas S. Kuhn, Robert K. Merton, Bruno
Latour, and David Bloor have all demonstrated that “discoveries entail more than
empirical findings”—they are products of human environments and human interactions.8 Consequently, despite its aura of objectivity and the search for truth, “scientific activity is not ‘about nature,’ it is,” as Latour and Steve Woolgar explain,
rather “a fierce fight to construct reality” (emphasis in original).9
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Hence, even if empirical data assume the form of impartial charts, plots, tables,
and numbers, it is critical to recognize that the data still reflect the idiosyncrasies of
the unique social environment in which they were mustered. The statistician Joel
Best reminds us that gathering and interpreting data requires people to make
choices; for example, what should and should not be included in the dataset.10
These dataset choices are defined by individuals’ specific understanding of the
problem and their hypotheses that identify important contributing factors. While
groups can sometimes agree on a common definition of the problem and associated
hypotheses, more often they cannot. Conflicting interpretations inevitably yield different datasets, which consequently generate new sets of statistical results. While
some may impute malfeasance on those who generate disagreeable data, often the
data discrepancy simply results from the different circumstances and contexts in
which the data were gathered.11 Thus, despite the tendency to regard numbers and
statistics as unalterable representations of the truth, they are better understood as
products of “people’s choices and compromises, which inevitably shape, limit, and
distort the outcome.”12 Borrowing a term from Trevor J. Pinch and Wiebe E. Bijker’s
application of social constructivism to technology, data inherently possess “interpretive flexibility.”13
But if all data are socially constructed, how then can we overcome the associated
relativism to discern the truth? For Best, the answer is a scientific process that facilitates the cumulative generation of knowledge.14 Within this model, doubts that may
accompany individual test results are gradually removed when multiple researchers
exploring similar phenomena, each using a variety of techniques, methods, and
data, converge on similar outcomes and understandings. Modern scientific and engineering practice is configured to encourage just such investigation, replication, and
corresponding dialogue. Edward Constant’s story of turbojet engine development is
but one illustration of how “communities of technological practitioners” can help separate spurious data from more promising representations of reality.15 Walter G. Vincenti
offers a complementary example in his history of early aeronautics development.16
Unfortunately, structural impediments often limit the military’s ability to foster a
similar “marketplace of ideas.” Unlike the commercial or academic sector, the military cannot rely on Constant’s robust yet independent communities of technological
practitioners to facilitate the cumulative knowledge generation process. While the
Pentagon’s DOT&E office represents a non-service-specific organization established
to manage military testing, it is only a single organization, and the military’s tests
still necessarily rely on service-specific personnel, hardware, and training; these
resources are not available to other independent agencies outside the military structure that might want to investigate alternative hypotheses. (Of course, the enemy
represents an excellent independent authority, but fortunately for humankind’s
sake, empirical testing opportunities against enemy forces are typically rare.) Additionally, the results of the military’s experiments are often cloaked under the veil of
national security, restricting independent and nonmilitary researchers’ access to the
data (military researchers, too, can be restricted by multiple layers of bureaucracy).
Finally, military tests can be costly, and they are often tied to specific scheduledriven programmatic decisions, which collectively can conspire to limit the tests’
flexibility and their ability to investigate anomalies.17
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Despite these structural impediments, the military still maintains a robust testing
enterprise, which includes its array of recurring exercises, war games, and weapons
system test programs. Since Robert McNamara’s term as US defense secretary, military
leaders have relied on the ever-increasing amounts of numerical data and statisticallyinformed prognoses produced by these tests to help them navigate the technical
and doctrinal requirements of the next conflict.18 However, as Best inferred, the accumulated data used to guide defense decision making and resourcing remain a
product of the unique environment and organization in which they were gathered.
Moreover, the interpretive flexibility inherent in the data is exacerbated by divergent,
value-laden interpretations of future national defense requirements, themselves
buffeted by frequently changing political circumstances and agendas. The famed
British strategist Sir Basil Henry Liddell Hart captured the challenge that confronts
military leaders sifting through the mounds of data: “Before a war military science seems
like a real science, like astronomy, but after a war it seems more like astrology.”19
Within this context, the military’s inability to conduct independent, transparent,
and appropriately flexible testing frequently invites outside skepticism, despite defense officials’ repeated assurances that their tests are fair and impartial.20 Indeed,
according to the social constructivist perspective, the military’s penchant for arguing
about the validity of its data is misplaced; there can be no truly fair and impartial environment. However, because of the unique military environment, there is also little
opportunity to engage in the robust scientific knowledge generation process that
Best and others recommend. This can leave the military in an intractable position.
The history of the joint Air Force and Navy AIMVAL–ACVEVAL tests conducted
in 1977 illustrates these limitations of military-generated knowledge, and the two
tests foreshadow the conundrum that the Department of Defense (DOD) and the
Air Force will likely face when they attempt to address divergent hypotheses about
the future of CAS during the coming A-10/F-35 fly-off.

AIMVAL–ACEVAL
AIMVAL–ACEVAL emerged from competing hypotheses about the future of air
combat post–Vietnam.21 By 1975, the Air Force and the Navy had already begun aggressively modernizing their tactical fighter forces to face an increasingly-capable
Soviet threat. New technologically sophisticated aircraft such as the Air Force’s singleseat F-15 Eagle and the Navy’s two-seat F-14 Tomcat were rolling off assembly
lines.22 The services had agreed to outfit their premiere fighters with a common
medium-range, radar-guided missile—the updated solid-state AIM-7F Sparrow.23
However, the services diverged on their requirements for their fighters’ shorterrange, infrared (IR)-guided armament. The Air Force preferred a cheap, simple but
effective missile for their Eagles, which they appropriately named the CLAW.24 The
Navy, on the other hand, wanted a technologically exquisite, helmet-cued, thrustvectored, high off-boresight missile they called the Agile.25 To “bridge the gap” between their Vietnam-era Sidewinders and their futuristic CLAWs and Agiles, the Air
Force and Navy were also jointly developing a third short-range IR-guided missile,
the all-aspect-capable AIM-9L Sidewinder.26 When Congress was handed the bill for
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the three missiles, it balked.27 Instead of funding the services’ requests, in 1975 Congress cancelled the CLAW and Agile programs and ordered the Pentagon’s director of
Defense Research and Engineering (DDR&E) to conduct a test to identify the best
short-range, IR-guided missile, hoping to force the two services into agreement on a
common design. The congressionally-mandated test became known as AIMVAL.28
DDR&E, in turn, levied its own additional test requirement on the services. With
the Air Force and Navy committed to procuring their advanced Eagles and Tomcats,
analysts within the DOD realized that they had no data that would allow them to
quantify the relative advantage of the services’ newest generation of fighters. Most
agreed that a single Eagle or Tomcat was more capable than a Soviet MiG-21, but
nobody was sure if a single F-15 or F-14 was equivalent to two, three, or even four
MiG-21s. The second test—ACEVAL—was ordered to answer this force-planning
question.29 The two tests were to be conducted sequentially by a single joint test
force (JTF) operating out of Nellis AFB, Nevada. They were scheduled to commence flying the following year in 1976.
The services recognized immediately that the outcome from the AIMVAL–
ACEVAL tests would significantly affect their future acquisition strategies. The first
joint test director, RADM Julian Lake, was explicit in his initial communique, declaring, “[AIMVAL–ACEVAL] test analysis will be used in definition of future tactical
A/C and weapon systems requirements and as such will significantly influence US
TACAIR posture in [the] 80’s and 90’s.”30 The services also quickly realized that
while they were ostensibly working together under a congressional and DDR&E
mandate to define future air combat requirements, and while their Tomcats and
Eagles would never be in the air at the same time against the opposing aggressor
forces, the coincident matchup of Air Force and Navy aircrews with their newest
equipment would inevitably invite public comparisons.31 Consequently, some
within the Air Force pressed their colleagues to “explore feasible alternatives to
show [the] F-15 in the best light”; the Navy likely did the same for its F-14s.32
Despite the threat of service parochialism corrupting the results, test officials repeatedly emphasized during congressional testimony the “complete objectivity” of
“the test plan, the test data requirements, and the manner in which the data will be
handled and analyzed.”33 One strategy to tamp down service biases was to use a
joint test management structure with equal Air Force and Navy representation: a
Navy admiral served as the AIMVAL–ACEVAL test director; the deputy test director
was an Air Force general.34 Additionally, JTF analysts spent considerable time artfully crafting the test matrices to ensure statistically significant results within the
tests’ budget and scheduling constraints.35 Most significantly, a new data collection
technology—Air Combat Maneuvering Instrumentation (ACMI)—was fielded to replace pilots’ sometimes hazy, often contested, memories of individual air combat
outcomes.36 One test official boasted that the only way to get a more “exact answer”
from the tests would be to “fire real missiles.”37
However, even the cornerstone of test objectivity—ACMI—still retained a level of
subjectivity. Because ACMI recorded aircraft position, attitude, and weapons employment data (for up to eight aircraft), it could determine who was shooting at
whom and with what type of weapon. Observers on the ground could then watch
the aerial engagements unfold in real time on their computer screens, and they
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would notify an aircraft that it had been “destroyed” by an opponent whenever the
ACMI computers predicted a kill.38 While ACMI had the ability to account for specific
aircraft vulnerabilities when calculating the probability of a successful missile kill,
neither service could agree on a suitable model for their fighters: the Air Force argued that its Eagle was more survivable than the Navy’s Tomcat; the Navy obviously
took the reverse position. Unable to resolve the dispute, test officials reluctantly settled on a common vulnerability model for both aircraft based on an F-4E Phantom
II, the now-outdated aircraft that the F-15 and F-14 were designed to replace.39
The decision to use ACMI levied other constraints on the test design. ACMI only
functioned over an instrumented range, and at the time, Nellis’s ACMI range only
measured 30 miles in diameter.40 Conscious of the limited ACMI test space, test officials announced that during both AIMVAL and ACEVAL, all friendly aircraft would be
required to close to within visual range to visually identify (VID) their target before
firing a missile at it.41 While the VID requirement was commonplace during Vietnam,
the Air Force and Navy investments in the long-range radars installed in their Eagles
and Tomcats, as well as their joint development of the AIM-7F, signaled their hope
that such restrictions would become a relic of wars past.42 The unanticipated VID requirement also initiated another round of service one-upmanship, with the Navy suddenly announcing plans to install a television sight system (TVSU) on its AIMVAL–
ACEVAL Tomcats that would extend the aircrews’ VID capability. The Air Force
protested that the Navy’s new technological hardware would give the F-14 an unfair
advantage and upset the meticulously negotiated and carefully balanced test environment, but the JTF officials ruled in favor of the Navy. The TVSU-equipped Tomcats
arrived in time for the testing.43
Several USAF organizations registered additional concerns regarding the tests’
other artificialities, including the non-combat-representative aircraft configurations
and the 5,000-foot minimum test engagement altitude. Some organizations even
complained that the pilots would be disadvantaged because real missiles would not
be used—the aircrews couldn’t look for missile smoke trails in the air to alert them
to a potential threat.44 The tests’ identified dependent variables and associated scoring
metrics also generated significant consternation within the services.45 Were the aircrews supposed “to maximize the number of missile firings, . . . maximize the expected kills [while] striving for optimum [offensive] position,” or, officials at Tactical
Air Command (TAC) wondered, focus on “minimizing their vulnerability”?46 Succinctly capturing the services’ frustration, one Navy official wrote, “The guys who
conceived and designed the whole test series clearly didn’t know what they were
doing.”47 Doubts also spread to Capitol Hill, where at least one Senate staffer questioned whether the test design was even capable of “really proving the thing that
[the services] have to prove.”48
Responding to these and similar criticisms shortly after the AIMVAL trials began,
the joint test director, now RADM Ernest Tissot, tried to assuage the services’ concerns, explaining, “The majority of the test results and relative effectiveness conclusions [sic] . . . should not be treated in terms of specific system absolutes.”49 Lt Gen
Alton Slay, the Air Force’s deputy chief of staff for research and development, took
a similar approach with Congress, reminding it in his March 1977 testimony that,
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having “theoretically taken a big skyhook and dropped these airplanes into a 30mile arena,” the test was “a canned situation.”50
All told, it took more than a year to stand up the test team, develop the testing
protocols, spin up the aircrews, and field ACMI. AIMVAL commenced testing on 3
January 1977 and continued for more than five months. During the test, five separate
short-range IR missile designs ranging from simple boresight-only missiles to extremely sensitive, high off-boresight, helmet-cued weapons, were evaluated on F-14
Tomcat and F-15 Eagle aircraft. In addition to the simulated IR concept missiles, the
blue forces were also armed with simulated AIM-7F Sparrow radar-guided missiles
and a 20mm gun. Opposing the F-14s and F-15s were Air Force and Navy aggressors
flying F-5E aircraft armed with a modified, boresight-only version of the AIM-9L Sidewinder, a representation of a future 1985 Soviet threat. More than 1,000 trials were
flown during AIMVAL, accounting for more than 2,600 total sorties.51
Even as AIMVAL was still underway, JTF officials declared the test a “positive influence toward the resolution of common Air Force and Navy needs” for the next
short-range, IR-guided missile.52 Of the IR missile concepts tested, however, none
were judged satisfactory; all exhibited difficulty distinguishing between the fighter
targets and the hot desert background. Shortly thereafter, the two services elected
to shelve their advanced IR-guided missile concepts in favor of their bridge all-aspect
AIM-9L. They also accelerated their work on a new high-speed, multitargetable, advanced medium-range radar-guided air-to-air missile—the AMRAAM.53
Although focused on a different question, ACEVAL supported many of AIMVAL’s
earlier recommendations. Executed from June to November 1977, ACEVAL used
the same AIMVAL test management, much of the same Air Force and Navy equipment, and many of the same aircrews. The F-5E-equipped aggressor adversary also
remained the same as during AIMVAL. Variation during the 720 ACEVAL trials,
which required a total of 3,222 sorties, was primarily a function of setup parameters
and force ratios.54
The findings from ACEVAL, according to one data analyst, could be captured in a
single sentence: “As the number of fighters in an engagement increases, the exchange ratio trends toward One”; or, in other words, the larger the fight, the more
likely everybody died.55 The same analyst also noted that any attempt to view the
ACEVAL results strictly in terms of competing technological hardware quickly became “incomprehensible.”56 While DDR&E’s desire for a fighter force model to inform
defense planning consequently went unfulfilled, some suggested that ACEVAL’s “law”
supported a requirement for purchasing significant quantities of tactical fighters.57
Others, however, interpreted the ACEVAL results as supporting a requirement to improve the quality of the US tactical fighter aircraft and their air-to-air weaponry. These
proponents, recalling AIMVAL’s similar recommendations, argued for faster, more lethal IR- and radar-guided missiles, as well as improved aircraft radars.58 Still others
saw no need to distinguish between the two requirements. “ACEVAL,” one enthusiastic
general reported, “strongly inferred that more quality and quantity are required.”59
There were several, though, who cautioned against drawing anything meaningful
from either AIMVAL or ACEVAL. For example, the authors of TAC’s final report on
ACEVAL warned that the tests were not appropriate representations of future air
combat and that the results could not be “directly applied to any actual air-to-air enSummer 2017 | 23
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vironment.”60 Another senior USAF officer intimated that the JTF performed only
perfunctory analysis of the results, complaining that the ACEVAL summary briefing
“makes the point several times that numbers are the determining factor in the outcome
of air combat. It is obvious that numbers were a dominating factor in determining the
outcome of the mock combat in the test. What is not so obvious is what caused
numbers to be so important.”61
Indeed, test officials acknowledged during congressional testimony in April 1978
that one of the tests’ key dependent variables, exchange ratio, was ultimately found
to be “misleading by itself and insensitive to many factors.”62 After having devoted
almost 5,900 sorties to the task, test officials admitted that they now knew a great
deal about short-range air combat, but had analyzed “perhaps [only] 2 inches on the
yardstick of air superiority” that pilots would face in the future.63 However, lacking
the necessary additional funding and authority to conduct further analysis, and
having addressed Congress’s immediate test demands, the formal AIMVAL–ACEVAL
results were brusquely filed away. They were occasionally dusted off as needed to
justify future weapons acquisitions like the AMRAAM.64
Almost a half-decade later, interest in AIMVAL–ACEVAL suddenly resurfaced. A
group of Pentagon insiders known as the “Reformers” was growing concerned about
the DOD’s seemingly insatiable appetite for exquisite—and exquisitely priced—
technology. The US military, they warned, was on a “curve of unilateral disarmament,” and the problem was especially acute in the Air Force and Navy’s fighter
force. Advanced fighters like the Eagle and Tomcat were so expensive that the services
could only afford to purchase limited quantities of them. Exacerbating matters, the
complex aircraft also came with burdensome maintenance requirements that further reduced the service’s effective force. The net result, according to the Reformers,
was that the US military possessed only a “phantom fleet” of fighter aircraft.65
As an alternative to the services’ favored high-end weapons, the Reformers proposed instead acquiring a fleet of cheap, “brilliantly simple” aircraft. These aircraft,
which included the aggressors’ F-5 that was used during AIMVAL–ACEVAL, might
not match well individually against a state-of-the-art F-14 or F-15, but force-for-force,
they were undeniably effective, at least according to the Reformers’ interpretation
of the tests’ results. After all, they pointed out, ACEVAL’s law reflected the importance of numbers in combat.66 For the cost of one F-15, the Air Force could buy four
cheaper F-5 fighters. Then, because the F-5 was easier to maintain, the Reformers
explained, it could be flown at a higher sortie rate. When armed with relatively inexpensive but lethal short-range IR-guided missiles and a powerful gun, these brilliantly simple aircraft would provide just enough technology to answer America’s
tactical fighter requirement, but at a much more affordable price that would finally
allow the nation to field sufficient numbers of aircraft to defeat the Soviet hordes.67
The Reformers’ arguments soon caught the attention of James Fallows, an editor
at The Atlantic Monthly. Leaders on Capitol Hill were already clamoring for defense
reform following the Soviet invasion of Afghanistan and the military’s debacle Desert One, the failed attempt to rescue the American hostages from Iran in April 1980.
In December of that year, Sen. Sam Nunn (D-GA) declared his frustration with the
military’s recent underwhelming performance as he opened a set of hearings examining the effect of technology on military readiness.68 A few months later, a Military
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Reform Caucus emerged with the stated goal of uncovering waste and corruption
within the US military.69 Fallows’s columns and his award-winning National Defense
drew on the Reformers’ arguments and their interpretations of AIMVAL–ACEVAL
to fuel the intensifying debate, which quickly spread to the popular media.70 The
Chicago Tribune, for example, reported in December 1981 that during AIMVAL–
ACEVAL, “the proud ‘air superiority fighters,’ F-15s and F-14s, . . . had been fought to
all but a draw by a comparatively crude $4 million airplane, the F-5.”71 Two years
later, the editors at Time elected to put Reformer Chuck Spinney on the cover, his
charts looming ominously in the background with the question, “US Defense
Spending: Are Billions Being Wasted?” bold in the foreground.72
The popularity of the AIMVAL–ACEVAL data, and the Reformers’ interpretation
of it, confounded those within the Pentagon. The services bristled at the accusation
that they were being circumspect with their data, especially after having devoted
such intense energy to crafting as fair and as objective a test as possible. Moreover,
military officials pointed to the looming Soviet threat and argued that US fighter aircraft destined to fight over central Europe had to possess the specialized (and albeit
unfortunately expensive) equipment to fly and attack in bad weather and at night,
especially given the premium that the North Atlantic Treaty Organization’s forward
defense strategy placed on American airpower.73 However, these counterarguments
were usually brushed aside by the popular media as uninteresting minutia. According
to the New York Times, many inside the Pentagon resorted to calling the Reformers
“fuzzy heads” and accused them of “doing a disservice to the country” by forcing
“plain vanilla airplanes” and “cheap, throwaway fighters” on the military.74 When
asked how the AIMVAL–ACEVAL results could be used to support the Reformers’
position, an internal report completed in 1981 at the behest of the principal deputy
undersecretary of defense for research and engineering—the same DDR&E organization originally responsible for AIMVAL–ACEVAL—matter-of-factly concluded that
the two tests were “badly flawed.”75
As described earlier, the limitations of the tests were not unforeseen. For example,
one Air Force general had warned during the testing in 1977: “The large scale of the
test itself, number of trial repetitions, and bounty of data tend to create the impression that the test results can be taken at face value. Characteristic of such a notion
is the attitude that what came out of the test must be right, since we did so much of
it and the results did not change.”76 Even after the effects of the test constraints became apparent, however, test officials were reluctant to modify the test design for
fears of inflaming service parochialism and inviting Congressional accusations that
the military was manipulating the test to achieve a more favorable outcome. The
JTF officials trudged along, resigned to completing the mandatory tests while gathering as much useful data as possible.77 In the end, the commander of the tests’ blue
forces offered his appraisal, “The test objective of quantifying the influence of
‘numbers’ on engagement outcomes had not only not been achieved, but was ‘probably an impossible task.’ ”78 It was a less-than-enthusiastic assessment of the nearly
year-long, $150M set of tests.79
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Lessons for the Close Air Support Fly-Off
The AIMVAL–ACEVAL tests failed to answer their original motivating questions,
and the results that they generated were sufficiently ambiguous to animate both
sides of the defense reform debate of the early 1980s. But the two tests were not a
total failure. More than three decades after AIMVAL–ACEVAL, former CSAF Gen Larry
Welch explained that the Air Force and its fighter pilots learned some “pretty darn
good lessons out of a . . . very badly flawed, politically motivated, Congressionallydirected, horribly expensive test program.”80 Data analysts for the tests shared a
similar appraisal, “Everything that came out of [AIMVAL–ACEVAL] was a byproduct.
. . . [It] was worth it, as an afterthought, but not for the reasons we ran the test.”81
Congress and the DOD have done much to improve the military testing enterprise
since AIMVAL–ACEVAL, yet structural impediments remain. While DOT&E and the Air
Force may have already taken some steps to address these limitations for the coming
CAS fly-off, it’s still worthwhile to examine four critical lessons from AIMVAL–ACEVAL
that should inform preparation, execution, and expectations of the pending test.
First, the Air Force must recognize that the two-plane fly-off will do little to quell
the public debate over the future of the A-10 and the CAS mission. Instead, the test
will likely further enflame the debate, regardless of the results. While every effort
should be made to ensure that the test is constructed and executed in a fair and
impartial manner, because the test must be conducted by Air Force personnel, accusations that service parochialism and biases unduly influenced the results should be
expected. These accusations will be particularly acute because the critical insights
from the test—those that reveal unique platform capabilities and vulnerabilities—will
necessarily be shielded from the public’s (and potential adversaries’) eyes. As discussed earlier, these two mitigating factors will exacerbate the interpretive flexibility of the data, just as during AIMVAL–ACEVAL before.
Further muddying the test results, the “human factor” will likely loom large in
the CAS fly-off test. Indeed, the opportunity to analyze complex human–human
and human–machine interactions under semirealistic conditions is an essential
benefit of a live-fly test, distinguishing it from typically cheaper modeling and simulation data-collection alternatives. The Air Force recognized the advantage of turning
F-5s and F-15s loose on the Nellis ranges during AIMVAL–ACEVAL, with one general
testifying that rather than simply putting all the aircraft and missile data in “a computer, kick[ing] that computer and hav[ing] it spit out a roll of tape that tells you what
the outcome was,” the live-fly tests revealed the “extremely important . . . human factor” that dramatically influenced the real-world performance of the complex weapons.82 However, human factors are also notoriously difficult to capture, and often
proxy metrics must be used for assessment. With the advocates of the F-35 and the
A-10 differing in their assessment of the character of future CAS battles and the pilots’
critical tasks therein, it’s highly unlikely that the two sides will reach a consensus
on the test’s dependent variables of interest, which will generate even more ambiguity
and contention over the public results.83
Second, DOT&E and the Air Force must facilitate excursion testing during the
CAS fly-off and then encourage supplemental data analysis following the test. One
of the principal failings of AIMVAL–ACEVAL was that once interesting anomalies
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were observed, the test matrix and schedule were too rigid to permit further investigation. On the surface, the two preidentified critical test metrics seemed reasonable—
exchange ratio (number of red killed/number of blue killed) and loss rate (number
of blue killed in trials/number of blue entering trials)—but as new dependent variables
of interest emerged, there was little opportunity to conduct additional experimentation
and analysis to determine their relevance. The laborious negotiation and interservice bargaining that produced the test matrix had reduced the massive tests to an
unfortunate “one-shot” design that could identify important trends but possessed
scant power to then elucidate those trends.84
Unofficial analysis conducted after AIMVAL–ACEVAL suggested that other more
significant variables were indeed lurking in the background. “Quantifiable variables
such as numbers only accounted for about 10–20 percent of the variation in outcomes,” one analyst later concluded, “whereas human factors had ‘more than five
times the effect on results’ compared to variables such as ‘force ratio or whether
somebody does or doesn’t have GCI [ground-controlled intercept].’ ”85 The same
scheduling and budget pressures that unfortunately curtailed additional investigation and analysis during AIMVAL–ACEVAL will likely be present in the CAS fly-off
test. But, if the goal is to maximize potential learning, the Air Force and DOT&E
must develop a flexible test matrix that facilitates appropriate additional excursion
testing. Additionally, the Air Force and DOT&E should commit to sharing the collected data across the DOD, encouraging others to scour the data looking for critical
lurking variables that might further our knowledge of how best to execute current
and future CAS.
Third, if the lack of resources to conduct additional analysis was one of AIMVAL–
ACEVAL’s critical failings, then the freedom that the test officials granted to the participants to experiment with novel tactical solutions was one of the tests’ principal
strengths. DOT&E and the Air Force would be well-served to encourage similar creativity during the CAS fly-off. During AIMVAL–ACEVAL, TAC officials lauded the
pilots’ impressive “ingenuity” and their ability to develop stylized tactics that maximized their advantages against their adversary.86 Because this battle of wits took
place on both the blue and red sides, the net effect, however, was a tactical stalemate
with neither side accruing a significant advantage over the other for any appreciable
duration.87 While some suggested that the overly complicated tactics were yet another artificiality that generated unrepresentative test data, JTF officials deemed
that such “tactics change for change’s sake was a sound tactical principle,” and that
the intense competition among the aircrews helped contribute to the “realism” of the
test environment.88 It also produced a persistent, steep tactical learning curve for the
pilots. One AIMVAL–ACEVAL F-15 pilot claimed that the lengthy, rigorous tests accelerated air combat tactics development by at least five years.89 As one example,
early in the ACEVAL trials, the targeting process for a four-ship of Eagles required
more than 100 separate intraflight radio transmissions.90 Throughout the test, the
F-15 pilots worked tirelessly to streamline the cumbersome radar employment procedures as they experimented with new “sorting” mechanics and radio calls that
would facilitate faster, more flexible targeting.91 These new tactics subsequently became pillars of successful Eagle employment.
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In the CAS arena, the last decade-and-a-half of war has provided the Air Force
with a crucible for tactics development, but it has been restricted to relatively permissive environments. As more complex, contested environments emerge, there may be
future requirements to execute CAS or CAS-like missions under an adversary’s antiaccess/area-denial umbrella. The Air Force has suggested that its technologicallysophisticated stealth F-35 is an ideal platform for these challenging contested scenarios,
but the tactics to use that technology in a future CAS environment, with all the relevant enterprise components, are still embryonic. Additionally, while current CAS
tactics may limit the survivability of the A-10 in contested scenarios, the opportunity
to experiment with novel tactics in a robust test environment could identify otherwise
unexploited capabilities or enterprise synergies that might enhance the Warthog’s
utility in a future CAS fight. Freeing the CAS fly-off participants to explore creative
options to these challenging tactical problems—both with advanced stealth technology and without, and all within the context of the Army’s simultaneous effort to update its doctrine for the A2AD environment—will ensure that the Air Force best
capitalizes on the fly-off test opportunity.
Finally, the Air Force must be receptive to any jarring insights that might emerge
from the CAS fly-off test. AIMVAL–ACEVAL focused on air combat in the close-range
arena. The Air Force’s F-15 “Superfighter,” purposefully built to triumph in a dogfight
against any current or planned Soviet fighter, was expected to easily defeat its F-5
aggressor foe.92 However, those expectations did not match reality. The AIMVAL–
ACEVAL tests vividly illustrated that a relatively simple foe armed with an all-aspect,
fire-and-forget missile like the AIM-9L could be lethal to advanced US fighter aircraft.93 The new missile, some officers predicted, would consequently “revolutionize
fighter tactics.”94 It also demanded a sudden shift in weapons acquisition priorities.
Rather than continuing to maximize fighter capabilities in the short-range environment, the Air Force quickly reoriented and instead began focusing on developing capabilities that would keep its fighters out of the short-range environment.95 The decision to accelerate development of the multitargetable, fire-and-soon-forget AMRAAM
was one manifestation of the shift. Another was the reinvigorated emphasis on developing long-range electronic identification technologies spearheaded by the new
TAC commander, Gen Wilbur Creech.96
In retrospect, the Air Force’s rapid reprioritization was a remarkable example of
bureaucratic agility. Today’s Air Force must be ready to respond similarly to any
paradigm-shifting signals that might emerge from the CAS fly-off. Tactics and technologies that were designed to enhance performance in the future CAS environment
may not, while other technologies that have been deemed inconsequential may instead demonstrate critical utility. A rigorous test can help the Air Force identify
these unforeseen challenges and opportunities, but only if the service designs the
CAS fly-off test with an eye toward flexibility, encourages the participants to be creative, and most importantly, focuses, not on justifying a favored platform, but on
learning how to operate in future CAS environments. Then, it must act boldly.
The coming head-to-head matchup between the A-10 and the F-35 will do little to
resolve the public debate over the future of Air Force CAS. All empirical tests bear
the imprint of the social organization in which they were developed and executed;
their resulting data are inherently socially constructed. The interpretive flexibility
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of the military’s empirical data is particularly acute due to structural limitations
that constrain the military’s ability to execute independent, transparent, and appropriately flexible tests. It was true during AIMVAL–ACEVAL 40 years ago, and it will
likely be true during the CAS fly-off in early 2018. Nevertheless, the CAS fly-off has
potential to be more than just “a silly exercise,” assuming DOT&E and Air Force
leaders are mindful of four critical lessons from AIMVAL–ACEVAL. The coming
CAS fly-off must encourage test flexibility, robust analysis, and participant creativity, and its implications, however disruptive, must be embraced and then acted
upon. If so, then the Air Force once again will have an opportunity to learn some
“pretty darn good lessons” from a congressionally-mandated test. 
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