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ABSTRACT 
Bayesian choice and Framing task experiments were run using a glucose manipulation.  Idle time 
between glucose or placebo drink ingestion was filled with airplane folding on paper designated 
with one’s subject code.  The Bayes “B” and Framing “F” resulted in some airplanes having a 
U.S. military bomber (e.g., B-52) or fighter jet (e.g. F-14) designation.  Flight data shows a 
gender effect whereby females on glucose made airplanes that flew shorter distances and more 
off-center, perhaps explaining the gender imbalance in paper airplane competitions where sugary 
beverages abound.  Bomber-designated planes flew less accurately, which suggests unconscious 
effects on airplane production skills. 
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1. INTRO 

As economists we realize that economics is everywhere, and economic principles appear around 

every corner.  In behavioral economics and psychology (these authors’ primary fields of 

research) our goal in utilizing experimental methodology is to better understand behavior or 

other outcomes of economic interest.  Such was our objective when we set out to conduct some 

controlled experiments to study the impact of glucose administration on decision making.  Those 

studies happened, but this paper is the result of both a deliberate effort to conduct a serious 

experiment, as well as a stroke of luck that gave us more than we intended.  As it turned out, our 

modest findings are inextricably linked to a topic that is practically ubiquitous to the human 

experience and unlike what you typically see in an academic journal:  paper airplanes. 

 

1.1.  The backstory 

Once upon a time we set out to conduct two sets of experiments examining how glucose affects 

decision making in a Bayesian decision task and a Framing task.  Our intent was to study 

whether glucose supplementation would, as hypothesized, increase the likelihood that one might 

use deliberative (high-level) thinking processes in making decisions.  Thus, we were studying 

decision making from the perspective of an admittedly simplistic dual-systems framework (see, 

e.g., Schneider and Shiffrin, 1977; Camerer et al, 2005).1  The administration of the glucose or 

placebo drink in our protocol was proper and followed validated methods (a 12 oz lemonade or 

diet lemonade).  Because the full blood glucose spike may take 15 minutes to be realized 

(following consumption of the beverage), we felt it a waste to not have the participants do 

                                                             
1 Not to distract from the point of this more humorous paper, but we realize that the state of knowledge regarding 
how the brain makes decisions favors a more complex and modulatory process of how neural systems interact to 
make decisions (e.g., see LeDoux, 2000; Phelps et al, 2014).  
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something during those idle 15 minutes.  So we had the participants complete a filler task…..you 

guessed it, they folded a paper airplane. 

This was serious research, however, and so there was a standard protocol whereby each 

participant was given 5 minutes to fold one paper airplane using only a standard sheet of 8.5 x 11 

inch white copy paper (see also Dickinson and McElroy, 2010).  This is important (you will see 

why later), but participants knew they were to write their subject-code on the airplane upon 

completion, and it was common knowledge before paper airplane “production” that each airplane 

would be flown and data on the flight collected.  We did, in fact, train research assistants (RAs) 

to use a standardized launch motion for the data collection (sure, they are just flying a paper 

airplane, but we had rules).  Three RAs then flew each paper airplane in random order in an 

empty hallway in one of our university’s buildings, and we collected flight distance and distance 

off-center data that we would then average across the three test flights to arrive at our final paper 

airplane flight data set. 

 

 

2. HYPOTHESES 

Now, on to the economics and our hypotheses of interest: 

  

2.1.  Human capital differences 

First, we can test human capital theory using the participant’s (i.e., the paper airplane engineer) 

gender.  The evidence suggests that males are more likely to have experience (though likely 

unpaid experience) making paper airplanes compared to females.  We are, of course, in favor of 

equal opportunity paper airplane training for both males and females.  But a reality of the data 

are that by the time individuals reach college age (i.e., our participants’ age), the average male is 
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likely to have more experience making paper airplanes.  This experience translates into a 

predicted higher productivity or increased quality of the paper airplane folded by the average 

young adult male compared to female engineer.  

To support this hypothesis, we draw the reader’s attention to the 2015 installment of the 

Red Bull Paper Wings competition in Salzburg, Austria: involved over 46,000 participants in the 

initial qualifying events worldwide.  While we do not have data on the gender of all 46,000+ 

participants, we do know that the finals in Austria included 191 male and only 6 female 

participants.  Moreover, all 12 of the US qualifiers were male, and the eventual 9 winners (top 3 

in each of 3 flight categories) were all male.  Additionally, the current paper airplane world 

record for distance (226’10” set in 2012) was set by a male designer, John M. Collins.  Piling on 

a bit more, we note that a set of British space fans founded what was called “operation PARIS” 

(Paper Aircraft Released Into Space).  These individuals were Steve Daniels, John Oates, and 

Lester Haines….all males, and they launched an airplane at 90,000 feet from a Helium balloon in 

2010.   And finally, the Japanese Origami Paper Airplane Association member (and former paper 

airplane flight time aloft record holder) Takuo Toda, along with aerospace engineer Shinji 

Suzuki and astronaut Koichi Wakata formed a team in 2008 to study the launch of a paper 

airplane from the International Space Station.  Again, these were all males (however, it seems, to 

our knowledge, that this project was unfortunately never carried out).  Thus, our first hypothesis 

is a test of human capital theory, based on the assumption that by college age males have 

accumulated more paper airplane specific human capital:2 

 

                                                             
2 One could also view this as a test of signaling theory if one wishes to employ a better paper airplane producer 
(Spence, 1978).  That is, one’s gender may be used as a quality signal of the paper airplane that would be produced 
under the assumption that males will likely make “better” paper airplanes, on average.  This differs from the 
typical interpretation of job market signaling whereby individuals more deliberately choose to acquire the signal. 
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Hypothesis 1:  Airplanes made by male subjects will fly farther and/or straighter than those 

made by female subjects 

 

2.2.  Production function impacts of glucose 

Though the full impact of the glucose administration would not be achieved at the time of the 

paper airplane production (given this occurred prior to the finish of the 15 minute wait-phase), 

we can safely assume at least some impact of glucose on the treatment subjects will be present at 

the time of paper airplane production.  Additionally, the mere tasting of glucose has immediate 

effects on the brain, though the neural activation patterns following rinse-and-spit differ from 

those following glucose ingestion (Wang et al, 2018).  So, it seems safe to say that because our 

participants tasted and consumed the glucose drink, this will allow us to test for the impact of 

this “brain fuel” on the quality of the final product.  This is, effectively, a test of a glucose-driven 

production technology shift that could benefit the paper airplane factory.   

A relatively robust literature has examined the impact of glucose availability on decision 

making and performance (see summary in McElroy et al, 2019).  Unfortunately, that literature 

does not speak to a more motor skill based task like paper airplane production.  Additionally, the 

literature on more basic cognitive function and glucose may not provide unambiguous 

predictions.  Holmes et al (1983) surveyed the literature on cognitive function and glucose level 

variation in diabetics, where they found impairment in attention and fine motor skills under 

conditions of both hypo- and hyperglycemia.  And given the strenuous cognitive demands of this 

task, our glucose depleted control participants were likely drained of all glucose during the task. 

Of course, we do not study a clinical population of diabetics, but results from studies like this 

that have examined diabetics may be useful for understanding how temporary spikes in blood 

sugar caused by drinking a sugary beverage may affect performance.  Males, on average, have 
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higher body weight than females, and so this may suggest that a fixed absolute dosage of glucose 

(i.e., one 12-ounce beverage) would disproportionally impair female paper airplane production—

this would imply an interaction effect between glucose and gender.  However, the surveyed 

research indicates low blood sugar may be worse than high blood sugar on acute performance 

measures.3  Given we requested a 3-hour pre-experiment fast that may have been abnormal for 

our participants, it is possible our placebo group was in a state of relative hypoglycemia.  

Complex task performance is generally more sensitive to low blood sugar than high blood sugar, 

which may indicate a beneficial impact of glucose supplementation on paper airplane production 

(Warren and Frier, 2004).   To sum up, the literature is sufficiently unclear on the issue—not to 

mention that none of the existing studies utilize a task directly comparable to paper airplane 

production—that we consider this second hypothesis to be more exploratory. 

 

Hypothesis 2:  Glucose administration shifts the production function (either distance or flight 

accuracy production)—glucose may harm or improve the “technology” of paper airplane 

production. 

 

2.3.  Behavioral impact of priming 

Lastly, and perhaps most curiously, recall that subjects knew they would place their code on the 

folded airplane before turning it in for eventual test flights.  Subject codes were 1-3 digit 

numbers preceded by the letter of the task that was the original purpose of the experiment:  B for 

the Bayes task participant set, and F for the framing task participant set.  So some subjects had 

codes for their paper airplane that corresponded to actual military plane codes (e.g., F-14, B-

                                                             
3 The data indicate that females consume less sugary beverages than U.S. males (Ogden at al, 2011), but our point 
here is that relative consumption is the key factor in assessing likely performance or decision impacts of glucose. 
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52)—this coding results in 44% of our sample (n=70 of 159) having a Military plane designation 

(74% of these were bomber designations and 26% fighter designations).  Thus, this happy 

accident allows us to test a behavioral economic hypothesis that subjects may be (perhaps 

unconsciously) primed to think of the military aircraft during their production effort.  Our last 

hypothesis follows from the behavioral psychology literature documenting the influence of 

unconscious priming on behavioral outcomes (e.g., Harris et al., 2009).  It is a testable 

hypothesis whether such a priming would unconsciously motivate subjects to produce better (i.e., 

fly farther and straighter) airplanes, or whether the prime would create anxiety for a subject who 

may feel pressure to produce a plane worthy of the military craft number.  Of course, because 

both effects may be present, we are only able to observe the net effect of the military plane 

designation on flight data.  This hypothesis is nevertheless of interest due to our desire to 

understand factors that may influence behavior of any sort. 

 

Hypothesis 3:  Planes with subject codes matching military designations will fly differently than 

non-military designated plane codes (i.e., airplane production affected by “priming” of military 

code). 

 

3. METHODS 

A total of 159 participants were in the two studies that produced the coded paper airplanes.  

Participants were given one standard sheet of 8 1/2” x 11” white paper with which to make their 

airplane (no tape, no staples, etc), and they were given a fixed 5 minutes for doing this.  It was 

made clear to the participants that the resultant paper airplanes would be flown by research 

assistants (RAs) and flight data would be recorded.  We kept the coded airplanes in a large box 

in order to guard the integrity of each plane as folded by the participant (i.e, they were not 
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smashed on top of each other). RAs were each “trained” to fly the airplanes using a reasonably 

standardized launch protocol, and each airplane was flown in the same location (an empty 

hallway in one of the buildings at the investigators’ institution) by three RAs.   Flight data on 

length of flight and straightness were averaged across the three test flights and our analysis was 

conducted on the average values of flight distance and distance off center (in inches). 

 

4. RESULTS 

Tables 1 and 2 display the results of multi-variate regressions on Flight distance and distance off 

center, respectively.  For each outcome variable, we first estimate our most simple regression 

with the only regressors being age, gender (Female=1), and a dichotomous variable, Glucose, to 

indicate whether the participant had been randomly administered the glucose beverage following 

their short fast (Model 1)—the reference group is a placebo (diet lemonade) administered 

participant.  Model 2 adds dummy variables for the Bomber and Fighter plane designations (see 

Appendix for a list of what we considered a bomber or fighter designation).  Finally, model 3 

includes interactions between the demographic and military plane designations and the 

experimentally manipulated Glucose condition variable.  After first noting the key tendencies see 

in our data, we then discuss results from the Tables 1 and 2 separately, indicating how each 

supports or fails to support our hypotheses.   

A fairly robust result from the flight distance regressions is that females make paper 

airplanes that fly significantly shorter distances.  The estimated marginal effect is approximately 

4 feet shorter flight distances on flights that, in general, averaged about 9 feet (110 inches) long.  

The unconditional mean flight distance of female-folded planes was 85.53 inches compared to an 

average mean flight distance of 137.76 for male-folded planes (p < .001 for the Mann Whitney 

nonparametric test of means).  The upper 10% decile of flight distances for female-folded planes 
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was 146.33 inches compared to 251.67 inches for male-folded planes.  Figure 1 shows the visual 

display of this result and the clear distributional difference in flight distances by gender of the 

paper airplane producer.  However, our full analysis discussed in more detail below reveals that 

this gender-specific result does not support Hypothesis 1.  Rather, this result is driven entirely by 

reduced flight distances from planes made by glucose-supplemented females.   

From Table 1 we see that, while there is no main effect of glucose administration on 

paper airplane flight distances, Model 3 highlights that the hypothesis 1 result is moderated by 

glucose administration.  That is, the significantly shorter flight distances are strongest in those 

female producers who were administered glucose.  The nonparametric test of means (Mann 

Whitney) finds that significantly shorter flights occur for planes produced by both placebo-

administered females (p = .0421) and glucose-administered females (p < .001).  However, the 

main effect of gender fails to reach statistical significance in the multivariate analysis of Table 1 

Model 3.  Thus, we find marginal support for hypothesis 1 and conditional support for 

hypothesis 2 (i.e., hypothesis 2 support among female airplane producers) when evaluating the 

flight distance data.   The Table 1 estimatinos do not show support for hypothesis 3 regarding the 

military plane designation priming. 

 

Table 2 show estimation results regarding flight accuracy.  Here, we fail to find support for 

hypotheses 1 or 2.  That is, we find no statistical evidence that female-folded planes flew more 

off-center than male-folded planes, and there appears to be no significant impact of glucose 

administration on flight “accuracy” (defined as how straight a paper airplane flew).  While there 

appears to be a marginal impact where females-on-glucose made planes that flew more off-

center, the test of the combination of coefficients to examine whether females on glucose made 

planes that flew less accurately than males-on-placebo (i.e., test of the coefficient combination 
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Female + Glucose + (Female*Glucose) = 0) is rejected (p > .10).  If focusing on the 

unconditional comparison of mean accuracy using nonparametric Mann Whitney tests of means, 

we find no difference in mean flight accuracy by gender in the glucose-administered sample (p > 

.10) and a marginally significant result that placebo-administered females made planes that flew 

significantly straighter (p = .0716).  Thus, there is (albeit weaker) evidence that female airplane 

producers made marginally more accurate airplanes than males administered the placebo-drink, 

but this result is not robust to the conditional multivariate analysis. 

Interestingly, results in Table 2 do show a robust result that planes given a bomber 

designation (n=51 or 159 total planes) flew significantly more off-center.  We do not find this 

result among the fighter jet designated planes, although we had fewer of such (n=18) in our 

sample.  These results indicate some support for hypothesis 3.  While we leave it to future 

research to identify the mechanism at work in these results, it is consistent with a priming effect 

that may create anxiety among “engineers” designing a plane worthy of the military “bomber” 

designation.  Of course this is speculative, but we wish to offer our opinions as an attempt to 

stimulate discussion and/or more research into this up-and-coming area of paper airplane 

research. 

 

5. CONCLUSIONS 

In this paper, we document the effects of glucose supplementation on paper airplane flight 

outcomes  Our novel design (so novel that some of it was unintentional) allowed for not only a 

test of how glucose may impact these outcomes, but also tests of gender differences and 

unconscious priming effects may be found in the data.  In the end, our most robust result—

females make paper airplanes that fly shorter distances and more off-center—is not as general as 

we hypothesized from human capital theory foundations.  Rather, the effect is isolated to those 
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females who are “hopped up” on sugar.  This implies that our exploratory glucose hypotheses 

found support in our data only in female participants.  This suggests the impact of glucose 

administration is one sensitive to relative dosage compared to body weight of the consumer.   

This may also reveal the true explanation behind the ridiculous imbalance in gender 

representation in the world of competitive paper airplane production noted in Section 2.1 above.  

Namely, the culture of paper airplane competition may be so intertwined with the world of 

sugary beverages that lighter weight (on average) females are disadvantaged without realizing 

why.4 

Our final exploratory hypothesis regarding the unconscious priming effects of a military 

plane designation was supported by our data—bomber designated planes flew less accurately 

independent of gender or glucose state.  We leave it to future research to identify why this might 

be the case, although we might speculate the existence of the perception that bombers need only 

be in the “general neighborhood” of a target to still complete a successful bombing mission.5 

 While we have no direct evidence on the mechanism behind the female-glucose effect, it 

is consistent with a “glucose-harm” hypothesis.  As noted earlier, the fixed absolute amount of 

glucose administered in the treatment beverage would imply a larger dosage of glucose relative-

to-body weight for female participants in our study.  To be fair, we did not collect data on body 

weight of our participants, but with our sample sizes of n=84 female and n=75 male participants 

we feel fairly confident appealing to young adult population averages in order to retrospectively 

conclude that the average female participant in our study weighed less than the average male.  

                                                             
4 A more sinister explanation, bordering on conspiracy theory, is that male participants have pushed that sugary 
beverage culture in the competitive paper airplane world as a way to put themselves at an advantage over female 
competitors.  That this strategy has worked would be evidenced by the disproportionate numbers of male 
participants that rise to the top levels in competitions such as the Red Bull Paper Wings competition.  
5 As long as we are suggesting the possibility of unconscious priming due to the military plane designation code 
assigned to certain paper airplane producers, we might as well go even a step further with our hypothesizing of 
unconscious influences on outcomes. 
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Thus, the higher relative dosage of glucose administered to females may imply impaired 

performance on paper airplane folding in the relatively higher spike in blood sugar (see Holmes 

et al, 1983, though this study surveys a clinical population of diabetics).  The importance of this 

study is highlighted by a comparison with another liquid that affects cognitive functioning; 

alcohol.  This result has field relevance in the world of competitive paper airplane production 

also given that a major sponsor (Red Bull) has, as its signature drink, an elixir that is roughly 

equally as sugary as the glucose drink administered in our study.  Assuming that Red Bull is ever 

present and flowing freely at such competitions, perhaps therein lies the reason for the 

underrepresentation of females in the Red Bull Paper Wings competitions.  Glucose 

“intoxication” may not only be responsible for the gender gap in skills at such high flying paper 

airplane competitions, but its relevance may even overshadow that of alcohol intoxication.  The 

authors are currently involved in (auto?) pilot testing this hypothesis. 
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FIGURE 1: Histograms of average flight distance by gender) 

 

Male-folded planes (n=75) shown as dashed line.  Female-folded planes (n=84) shown as solid bars. Each 
observation is the average distance flown for the plane across three independent test flights. 
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TABLE 1: Flight Distance Regressions (n=159) 

Dep Var=Flight Distance Model (1) Model (2) Model (3) 
Variable Coefficient (st error) Coefficient (st error) Coefficient (st error) 
Constant 62.88 (48.09) 77.43 (48.81) 91.57 (60.97) 

Female (=1) -50.13 (10.52)*** -45.10 (10.89)*** -23.76 (15.20) 
Age 3.81 (2.34) 3.41 (2.35) 2.29 (2.89) 

Glucose (=1) -2.51 (10.45) -4.26 (10.54) -61.15 (103.85) 
Fighter Jet Designation (=1) --- -21.32 (17.26) 15.82 (38.08) 

Bomber Designation (=1) --- -18.74 (12.00) 15.55 (24.14) 
Female*Glucose --- --- -43.88 (21.91)** 

Age*Glucose --- --- 3.71 (5.13) 
Fighter*Glucose --- --- 15.82 (38.08) 
Bomber*Glucose --- --- 15.55 (24.14) 

R-squared .1524 .1695 .1962 
Notes: Fighter and Bomber designations refer to paper airplanes with a subject code identifier matching 
designated F-code or B-code in the U.S. military numbered sequence. 
*p=.01, **p=.05, ***p=.01 
  
 

 

 

TABLE 2: Distance Off-Center Flight Path (n=159) 

Dep Var=Off Center Model (1) Model (2) Model (3) 
Variable Coefficient (st error) Coefficient (st error) Coefficient (st error) 
Constant 19.00 (6.19)*** 15.54 (6.10)** 16.33 (7.61)** 

Female (=1) 1.50 (1.36) .60 (1.36) -2.36 (1.90) 
Age -.31 (.30) -.16 (.29) -.14 (.36) 

Glucose (=1) -1.19 (1.45) -1.53 (1.32) -1.67 (12.96) 
Fighter Jet Designation (=1) --- -2.56 (2.16) -1.46 (2.65) 

Bomber Designation (=1) --- 4.46 (1.50)*** 5.18 (2.14)** 
Female*Glucose --- --- 6.14 (2.72)** 

Age*Glucose --- --- -.11 (.64) 
Fighter*Glucose --- --- -1.72 (4.75) 
Bomber*Glucose --- --- -2.11 (3.01) 

R-squared .0210 .0981 .1286 
Notes: *p=.01, **p=.05, ***p=.01 
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APPENDIX:  Bomber and Fighter plane designations used to code data 

Sourced from Wikipedia 
https://en.wikipedia.org/wiki/List_of_military_aircraft_of_the_United_States  
 
Unified bomber sequence B-planes (plane and manufacturer).   
 
B-1 (Huff-Daland/Keystone), B-2 Condor (Curtiss), B-3 (Keystone), B-4 (Keystone), B-5 
(Keystone), B-6 (Keystone), B-7 (Douglas), B-8 (Fokker), B-9 (Boeing), B-10 (Martin), B-11 
(Douglas), B-12 (Martin), B-13 (Martin), B-14 (Martin), B-15 (Boeing), B-16 (Martin), B-17 
Flying Fortress (Boeing), B-18 Bolo (Douglas), B-19 (Douglas), B-20 (Boeing), B-20 (Douglas: 
designation of A-20 Havoc from 1948-1949), B-21 (North American), B-22 (Douglas), B-23 
Dragon (Douglas), B-24 Liberator (Consolidated), B-25 Mitchell (North American), B-26 
Marauder (Martin), B-26 Invader (Douglas: designation of A-26 Invader from 1948-1966), B-27 
(Martin), B-28 Dragon (North American), B-29 Superfortress (Boeing), B-30 (Lockheed), B-31 
(Douglas), B-32 Dominator (Consolidated), B-33 Super Marauder (Martin), B-33 Lexington 
(Lockheed), B-35 (Northrop), B-36 Peacemaker (Convair), B-37 (Lockheed), B-38 Flying 
Fortress (Boeing), B-39 Superfortress (Boeing), B-40 Flying Fortress (Boeing), B-41 Liberator 
(Consolidated), B-42 Mixmaster (Douglas), B-43 Jetmaster (Douglas), B-44 Superfortress 
(Boeing), B-45 Tornado (North American), B-46 (Convair), B-47 Stratojet (Boeing), B-48 
(Martin), B-49 (Northrop), B-50 Superfortress (Boeing), B-51 (Martin), B-52 Stratofortress 
(Boeing), B-53 (Convair), B-54 (Boeing), B-55 (Boeing), B-56 (Boeing), B-57 Canberra 
(Martin), B-58 Hustler (Convair), B-59 (Boeing), B-60 (Convair), B-61 Matador (Martin: 
redesignated), B-62 Snark (Northrop: redesignated), B-63 RASCAL (Bell: redesignated), B-64 
Navaho (North American: redesignated), B-65 Atlas (Convair: redesignated), B-66 Destroyer 
(Douglas), B-67 Crossbow (Radioplane: redesignated), B-68 (Martin), B-68 Titan (Martin: 
redesignated), B-69 Neptune (Lockheed), B-70 Valkyrie (North American) 
 
Fighter jet sequence (plane and manufacturer) 
(note: many had less recognizable previous designations not useful for our coding.  For example 
the F-4 fighter jet was previously designated at F4H and F-110) 
 
F-1 Fury (North American), F-2 Banshee (McDonnell), F-3 Demon (McDonnel), F-4 Phantom II 
(McDonnel Douglas), F-5 Freedom Fighter (Northrop), F-6 Skyray (Douglas), F-7 Sea Dart 
(Convair), F-8 Crusader (Vought), F-9 Cougar (Grumman), F-10 Skyknight (Douglas), F-11 
Tiger (Grumman), F-12 Lockheed, F-13 (skipped), F-14 Tomcat (Grumman), F-15 A/B/C/D 
Eagle and F-15E Strike Eagle (McDonnell Douglas), F-16 Fighting Falcon (General 
Dynamics/Lockheed Martin), F-17 Cobra (Northrop), F-18A/B/C/D Hornet and F/A-18E/F 
Super Hornet (McDonnell Douglass), F-19 Officially skipped, F-20 Tigershark (Northrop), F-21 
Kfir C-2 Israel Aircraft Industries), F-22 Raptor (Lockheed Martin), F-23 Black Widow II 
(Northrop/McDonnell Douglas), F-35 Lightning II (Lockheed Martin)  
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