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USE OF WEATHER INFORMATION BY GENERAL AVIATION PILOTS, 
PART II, QUALITATIVE: EXPLORING FACTORS INVOLVED IN 

WEATHER-RELATED DECISION MAKING 

INTRODUCTION 

BACKGROUND AND PURPOSE 
Wh�le the causes of av�at�on acc�dents are var�ed and 

many, adverse weather rema�ns a major, elus�ve cause of 
general av�at�on(GA)fatal�t�es.Weatherwasc�tedascausal 
�n only 4% of GA acc�dents but �t accounted for 12 to 
17% of fatal�t�es, s�nce about 70% of weather-�nduced 
acc�dents prove fatal (AOPA, 2005). 

The U.S. Federal Av�at�on Adm�n�strat�on has a stated 
current goal of reduc�ng GA fatal�t�es (FAA, 2006). To 
th�s end, weather acc�dents are targeted for reduct�on. 

Th�s calls for psycholog�cal research. Yet, the more 
we learn, the more we apprec�ate how del�cately the 
complex�ty of weather �nteracts w�th the �ntr�cacy of 
the human m�nd and the p�lot’s un�que task-world. The 
problem �s not s�mple. 

Th�s report �s the second �n a two-part ser�es, Part I 
be�ng Use of weather information by general aviation pilots, 
Part I, quantitative: Reported use and value of providers 
and products (Knecht, 2008). In Part I, we exam�ned 
quant�fable aspects of how an �nterv�ewed sample of 
221 GA p�lots actually used the weather �nformat�on 
ava�lable to them. 

Here �n Part II, the rema�n�ng �nterv�ew data are ex-
am�ned for themes—factors seem�ng to �nfuence p�lot 
weather-related dec�s�on mak�ng. The m�ss�on �s to look 
beyond quant�tat�ve analys�s to explore both known and 
novelweather-related �deasworthyof further �nvest�gat�on 
or actual �ntervent�on. 

METHOD 

Design 
The or�g�nal data collect�on �nvolved ons�te �nterv�ews 

w�th GA p�lots. The �nterv�ew �nstrument �tself �s shown 
�n Append�x A. In add�t�on to �ts quant�tat�ve research 
�tems, th�s �nstrument conta�ned qual�tat�ve �tems de-
s�gned to el�c�t free responses. Free-responses are often 
useful �n gett�ng respondents to th�nk beyond the r�g�d 
l�m�ts �mposed by checkbox �tems. 

Participants 
Dur�ng July and August, 2005, FAA staff conducted 

on-s�te �nterv�ews w�th 230 GA p�lots at locat�ons across 5 
states (CA,OK,ND,IL,FL).Fourvenueswereun�vers�ty-
based f�ght schools; the ffth was a hel�copter tra�n�ng 
course. Of these 230 p�lots, 221 ult�mately prov�ded us-
able data. Med�an p�lot age was 23 years; med�an f�ght 
exper�ence was 245 hours. Women compr�sed 14% of 
the sample. All were volunteers pa�d for the�r serv�ces as 
subject matter experts. 

Procedure 
L�ke the Part I study, all responses were referenced 

to a common benchmark—a “standard f�ght,” defned 
as a 4-hour f�ght through “weather ser�ous enough to 
challenge your sk�ll level and the a�rcraft’s capab�l�t�es.” 
Th�s benchmark was cruc�al to the study. W�thout �t, 
p�lots would have subst�tuted the�r own pr�vate defn�-
t�ons of “bad weather,” mak�ng �t �mposs�ble to relate 
the�r att�tudes and behav�or to any common real-world 
standard. 

P�lots were asked open-ended quest�ons and L�kert-
scale �tems des�gned to capture the�r thought processes 
wh�le deal�ng w�th adverse weather. The open-ended 
responses were then scored accord�ng to a cod�ng scheme 
(rubr�c) la�d out �n Append�x B. 

Rubr�cs are central to qual�tat�ve analys�s. A rubr�c �s 
a scor�ng methodology, a systemat�c way of defn�ng a 
set of key factors well enough to let a rater recogn�ze and 
tally spec�fc �nstances w�th�n some g�ven text, speech, or 
behav�or (M�les & Huberman, 1994). Mult�ple �nstances 
of a s�ngle factor then const�tute a “theme.” A theme can 
be un�que to an �nd�v�dual, but we are usually �nterested 
�n themes �nvolv�ng more than one person. Naturally, 
the more respondents who ment�on a theme, the more 
un�versal we cons�der �t. 

Rubr�cs typ�cally take t�me to develop. They evolve 
gradually,w�th�nthecontextof spec�fcdata,us�ngaprocess 
of deduct�on and �nduct�on appl�ed �terat�vely. Deduct�on 
�s top-down, log�cal reason�ng start�ng w�th general pr�n-
c�ples and then look�ng for spec�fc �nstances �n spec�fc 
data. Induct�on �s the reverse, the bottom-up format�on 
of general conclus�ons after look�ng at spec�fc data. 
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Consequently, three �nfuences shaped the evolut�on expense of �ncreased false alarms, namely �ncreased Type 
of our rubr�c (a) deductive, (b) inductive, and (c) sponsor- I error (Green & Swets, 1966). A fner-mesh net catches 
driven. Cogn�t�ve and behav�oral psycholog�cal theory more fsh—but also more fotsam. 
gu�ded the search for top-down, deduct�ve ev�dence of The po�nt �s that quant�tat�ve and qual�tat�ve analys�s 
certa�n themes �n the data. Conversely, rev�ew�ng spec�fc are really two methodolog�es des�gned to do d�fferent 
p�lot responses �nduced other themes from the bottom- th�ngs.Wherequant�tat�veanalys�s testshypotheses,qual�-
up. F�nally, project sponsors had spec�fc quest�ons about tat�ve analys�s can generate new hypotheses. Researchers 
m�ss�on-character�st�c effects. The rubr�c was amended must s�mply make clear when they are engaged �n each 
to assess those quest�ons. type of analys�s and properly l�m�t the �nterpretat�on of 

subsequent results. 
Methodological issues 

Issues of rel�ab�l�ty and val�d�ty take on a markedly RESULTS 
d�fferent role �n qual�tat�ve analys�s than they do �n quan-
t�tat�ve analys�s. F�rst, the concept of “themes” lends �tself S�nce the rubr�c was �terat�vely shaped by three �nfu-
less tod�screteness anddefnab�l�ty andmore tobroadness ences (deduct�ve, �nduct�ve, sponsor-dr�ven), the results 
and general�ty. Consequently, we typ�cally recal�brate our are presented under s�m�lar head�ngs. 
pr�or�t�es regard�ng exper�mental error when we go out 
“fsh�ng for factors” th�s way. Deductive (top-down, theory-driven) themes 

Second, �n quant�tat�ve analys�s the focus �s almost Theme 1: Type of weather. Psycholog�cally, weather �s 
always on controll�ng Type I error (the m�s�dent�fcat�on a set of spec�fc st�mul�. So, certa�nly, d�fferent types of 
of factors as “s�gn�fcant” wh�ch are truly not). Whereas, weather must affect p�lot dec�s�ons d�fferently. Change 
�n qual�tat�ve analys�s the focus �s frequently on control- the weather, change the dec�s�on. 
l�ng Type II error (the failure to �dent�fy as s�gn�fcant Follow�ng a deduct�ve approach requ�res frst l�st�ng 
those factors wh�ch truly are). Th�s d�fference �n focus the ma�n weather factors p�lots could d�scuss. Next, us�ng 
ex�sts because quant�tat�ve analys�s �s about hypothes�s- the�r free-response answers (Append�xA), the factors they 
test�ng, whereas qual�tat�ve analys�s �s more often about actually did d�scuss could be scored and tabulated. 
hypothes�s-generat�on. An endnote [page 9] clar�fes the complete methodol-

What we have to understand �s the relat�on between ogy and exactly how to read Table 1.1 Br�efy, each cell 
Type I and Type II errors. “Truth” can be thought of as a represents the percentage of p�lots who d�scussed that 
“s�gnal,” and s�gnal detect�on theory says that whenever factor at least once �n the�r �nterv�ew. If a g�ven p�lot 
we choose to capture more s�gnal (�ncrease the h�t rate, ment�oned a g�ven factor more than once, �t st�ll counted 
m�n�m�ze Type II errors), th�s inevitably comes at the only once. Note that ne�ther rows nor columns need 

Table 1. Percentages of the 221 pilots who referred at least once to each weather factor in their 
interview. Data to the left refer to preflight. Data to the right refer to in-flight. Row "IR" data came 
from instrument rated pilots, row "Non-IR" from non-IR pilots. Row "Total" combines both IR and 
non-IR responses. "Storms" mainly means thunderstorms, but also tornadoes + hurricanes. “Wind” 
includes turbulence + wind shear. Significant results are bold+highlighted (pz < .05 (uncorrected for 
number of comparisons), 1-tailed for all but "(Non-IR-IR)" scores, which reflect pz < .02, 2-tailed, 
corrected for number of comparisons). See Endnote for details. 
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total to 100%. Factors w�th percentages s�gn�fcantly 
h�gher than average (p < .05) are shown boldfaced and 
h�ghl�ghted �n gray. Stat�st�cal �ssues are elaborated �n a 
second endnote.2 

The row labeled “Total” represents �nstrument-rated 
and non-�nstrument-rated p�lots comb�ned. H�gher-
than-average combined-group prefight factors ment�oned 
by p�lots were 

• storms 83% 
• �ce 48% 
• cloud ce�l�ng 46% 
• v�s�b�l�ty 57% 
• w�nd 52% 

In the same row, farther to the r�ght, above-average 
combined-group in-fight factors ment�oned were 

• storms 81% 
• �ce 42% 
• cloud ce�l�ng 41% 
• v�s�b�l�ty 49% 

Th�s gave us a rough �dea of what factors seemed to 
mentally dom�nate the averagep�lot over the ent�re length 
of a f�ght, namely storms, �ce, ce�l�ng, and v�s�b�l�ty. 

A br�ef note about snow: S�nce the �nterv�ews were 
conducted �n the summer, �t �sperfectly natural towonder 
�f the relat�vely low numbers for snow were merely due to 
the current a�r temperature. If we had �nterv�ewed dur�ng 
the w�nter, would snowhave rece�vedh�gherpr�or�ty?The 
honest answer �s that we s�mply do not know. There �s 
a modest val�d�ty crosscheck �n the fact that p�lots d�d 
emphas�ze �c�ng. However, �c�ng can occur nearly year-
round, espec�ally carburetor �c�ng (and the p�lots rarely 
d�st�ngu�shed between �c�ng types �n the�r responses). So 
the quest�on rema�ns debatable, and the only val�d (but, 
unfortunately, cost-proh�b�t�ve) way to settle �t would be 
to reconduct the study dur�ng the w�nter. 

Theme 2: IR versus non-IR fying. Because �nstrument-
rated (IR) p�lots are tra�ned to fy �n a d�fferent phys�cal 
env�ronment from non-IR p�lots, �t made sense to spl�t 
Table 1 �n half on th�s bas�s. The two add�t�onal rows 
labeled “Non-IR” and “IR” also use boldface and gray to 
h�ghl�ght s�gn�fcantly above-average cells (p < .05). 

The patterns that emerged for the two groups looked 
fa�rly cons�stent and j�bed w�th pract�cal exper�ence. 
Storms, �ce, ce�l�ng, and v�s�b�l�ty are log�cally both 
common and potent�ally dangerous to all p�lots at all 
phases of f�ght. 

So how d�d IR p�lots’ fy�ng d�ffer from non-IR? The 
“(Non-IR) – IR” row shows percentage differences between 

the two groups.3 S�gn�fcant d�fferences (greater than 20 
po�nts, p < .02) emerged for 

• Prefl�ght �ce -32% 
• In-fl�ght �ce -28% 
• In-fl�ght storms -21% 
• In-fl�ght v�s�b�l�ty +24% 

Negat�ve numbers (less than zero) meant the factor was 
b�gger to IR p�lots. Numbers greater than zero meant the 
factor was b�gger to non-IR p�lots. 

Aga�n, th�s j�bed w�th exper�ence. Non-IR p�lots must 
avo�d �n-f�ght restr�ct�ons to v�s�b�l�ty, wh�le th�s �s much 
less an �ssue w�th IR p�lots. 

Stepp�ng back to get the b�g p�cture, �t was easy to see 
that �nstrument f�ght rules (IFR) f�ght has a lot more 
bu�lt-�n amb�gu�t�es than v�sual f�ght rules (VFR) f�ght. 
F�rst, IR p�lots should (and d�d) talk more about pref�ght 
and �n-f�ght �ce because �ce would not automat�cally pre-
clude fy�ng, whereas �t usually would for non-IR p�lots. 
Second, �n-f�ght storms should (and d�d) el�c�t more 
responses from IR p�lots because they would certa�nly 
be more l�kely to fy near (and, somet�mes, �nto) weather 
capable of storm �ntens�ty. 

Th�rd, w�nd and turbulence loomed larger for everyone 
dur�ng pref�ght than �n-f�ght. That m�ght seem counter-
�ntu�t�ve. But �t may s�mply have been a techn�cal�ty. The 
term “�n-f�ght” does not techn�cally �nclude the land�ng 
phase,whereas pref�ght plann�ngalways �ncludes all phases 
of f�ght, �nclud�ng land�ng, when w�nd and turbulence 
are most l�kely to be hazardous. 

Tosummar�ze, �n someways theenv�ronmental context, 
tra�n�ng,andequ�pmentused �n �nstrumentmeteorolog�cal 
cond�t�ons(IMC)�squ�ted�fferent fromv�sualmeteorolog�-
cal cond�t�ons (VMC). The bas�c hazards are the same but 
vary ma�nly �n �ntens�ty and frequency of encounter. 

Theme 3: Social and economic pressure. P�lots often c�te 
soc�al and econom�c pressures as reasons for tak�ng chances 
they would not otherw�se take. For example, Rhoda and 
Pawlak (1999) found that commerc�al a�rl�ne p�lots were 
more l�kely to penetrate storms �n term�nal a�rspace when 
follow�ng another a�rcraft. In one sense, prox�mal p�lots 
form a “soc�ety” where one member �nfuences the r�sk-
tak�ng of others. 

Here, at least 48 p�lots reported external soc�al or bus�-
ness-related pressures to fy �n marg�nal weather. So, �n an 
�nformal sense, pressure certa�nly was a theme. 

Soc�al psycholog�cal theory elaborates th�s �dea of “pres-
sures” �nto better-defned and more measurable processes 
such as soc�al fac�l�tat�on, d�ffus�on of respons�b�l�ty, soc�al 
assessment of r�sk, and obed�ence to author�ty. So d�d these 
p�lots report any �nfuence of these processes? 

3 



        
       

       

         
        

      

         

        

        

  

        
 

  

 

 

 
 

     
 

  

 
     

        
 

     
    
    
          

Task difficulty 
Simple Hard 

Yes 

Audience 
present 

No 

+ -
- + 

Figure 1. The 2x2 matrix of possibilities for task 
performance as defined by social facilitation 
theory. “+” means task performance is enhanced, 
“-” means it is degraded. 

Honestly, there was l�ttle d�rect ev�dence here for 
d�ffus�on of respons�b�l�ty and soc�al assessment of r�sk. 
Wh�le we cannot rule them out, we cannot fnd support, 
e�ther. However, the reports of “pressure” were poss�bly 
cons�stent w�th soc�al fac�l�tat�on and/or obed�ence to 
author�ty. 

Soc�al fac�l�tat�ondescr�bes the effectof an aud�enceon 
taskperformance (Zajonc,1965).Desp�te �tsname, soc�al 
fac�l�tat�on �s not fac�le. For one th�ng, “fac�l�tat�on” can 
be pos�t�ve or negat�ve. For another, outcomes depend on 
s�tuat�onal factors, for �nstance, task d�ffculty (F�gure 1). 
For example, exper�enced runners tend to run faster �n a 
group than when alone (the “S�mple/Yes” cell). However, 
complex math problems are eas�er to solve when we are 
by ourselves (the “Hard/No” cell). 

Does th�s theory apply to weather-related r�sk-tak�ng? 
Recall that thesep�lotswerepredom�natelye�ther students 
or f�ght �nstructors. If students sa�d they felt pressure 
to exped�te tra�n�ng, that pressure m�ght be caused by 
soc�al fac�l�tat�on. 

However, one fact argues aga�nst the soc�al fac�l�tat�on 
hypothes�s and that �s the theory �tself. Weather fy�ng �s a 
d�ffcult task.Therefore, as F�gure1 shows, thepresenceof 
the �nstructor �n thecockp�t shouldhave �nh�b�ted student 
w�ll�ngness to fy �n bad weather, not fac�l�tated �t. 

An alternate, s�mpler econom�c explanat�on m�ght be 
more plaus�ble, namely that f�ght tra�n�ng �s expens�ve 
and students wanted to get through �t as fast as poss�ble. 

After all, many f�ght schools charge by the hour. Plus, 
t�me spent tra�n�ng �s t�me away from earn�ng money, so 
school carr�es a double �ncent�ve to fn�sh fast. 

Now what about �nstructors? Instructors reported oc-
cas�onal pressure from both the�r employers and students 
to fy �n marg�nal weather. Wh�le th�s m�ght be soc�al 
fac�l�tat�on, themore stra�ghtforwardanswerwouldaga�n 
be econom�c. Students probably exert pressure because 
they are try�ng to fn�sh fast. Employers probably exert 
pressure, partly �n response to student pressure and partly 
because the faster a schoolmoves students along, the more 
money �t can make. 

F�nally, there was one more alternate soc�al hypothes�s 
to cons�der here, namely obed�ence to author�ty. In h�s 
class�c exper�ment, M�lgram (2004/1974) demonstrated 
that otherw�se-normal people would adm�n�ster suppos-
edly lethal electr�cal shocks to strangersoncommandfrom 
an author�ty fgure. If some people would do anyth�ng 
that extreme, m�ght they poss�bly also dally a b�t w�th 
bad weather, �f pressured �nto �t? 

Now,anemployer �sdefn�tely anauthor�tyfgure.But, 
as any teacher w�ll confrm, so �s the modern student. 
Th�s refects the �ncreas�ng tendency for schools to follow 
a bus�ness model where teachers have to treat students as 
customers (Armstrong, 2003). And, as we all know, the 
customer �s always r�ght. 

The presence of passengers �s another common soc�al 
s�tuat�on that could arguably �nfuence r�sk-tak�ng. How-
ever, the �nfuence could conce�vably go both ways. On 
the one hand, passengers can be a source of pressure to 
start or cont�nue a f�ght �nto bad weather. On the other 
hand, s�nce r�sk depends on what we stand to lose, the 
more l�ves that stand to be lost (and the closer they are 
to us) the greater the r�sk should be. 

Table 2 was based on two �nterv�ew quest�ons, “Does 
hav�ng non-family (Q36, or) family (Q37) passengers 
affect your w�ll�ngness to fy �n bad weather?” 

Here,mostp�lotsbas�cally sa�d“no.”Wh�le thereported 
concern for fam�ly passengers was s�gn�fcantly greater 
(Χ2 = 32.4 (3), p < .00001), only 33% ((27+29+18)/221) 
reported more than “a l�ttle b�t” of concern over hav�ng 
non-fam�ly passengers, as compared to 47% for fam�ly 
passengers. 

Beyond the palpable conclus�on that fam�ly trumps 
non-fam�ly, these results were hard to �nterpret. Could 

Table 2. Influence of passengers (response frequencies) 
"not at all" or "a 

little bit" "somewhat" "quite a bit" "an extreme 
amount" 

Q36 passengers are not family 
147 27 29 18 
118 27 37 39 

Q37 passengers are family (N = 221, both questions) 
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the major�ty of passengers be qu�te so persuas�ve? Or 
could the major�ty of p�lots bel�eve �n the�r own sk�ll and 
luck so profoundly that hav�ng others on board added 
absolutely noth�ng to the�r percept�on of r�sk? 

Both those conclus�ons are absurd. What �s more 
bel�evable �s that mult�ple mot�vat�ons are confounded 
here, some fac�l�tat�ve, some �nh�b�tory. And the net 
effect that any g�ven passenger must have on a p�lot’s 
w�ll�ngness to takeweather-relatedr�sksprobablydepends 
on the spec�fc p�lot plus the spec�fc passenger plus the 
spec�fc c�rcumstances. A boss pressur�ng you to get to 
a meet�ng on t�me �s d�fferent from tak�ng your ch�ld-
hood fr�end out to pract�ce touch-and-goes. Ind�v�duals 
matter, relat�onsh�ps matter, the f�ght m�ss�on matters, 
and so forth. 

To wrap th�s up, both soc�al and econom�c c�rcum-
stances can obv�ously �nfuence weather-related behav�or. 
But there �s a lot more to �t than meets the eye. F�rst, some 
factorsmay �ncrease r�sk-tak�ng,othersdecrease �t.Second, 
s�tuat�onal deta�ls matter, and broad quest�ons such as the 
ones asked here w�ll not tease apart all the causal �ntr�ca-
c�es. Example: Quest�on 17h was worded “Have soc�al 
or bus�ness pressures ever �nfuenced your GA go/no-go 
weather dec�s�on?” Wh�le not a terr�ble quest�on, future 
�nterv�ews should try todev�semore spec�fc, theory-based 
quest�ons better able to d�fferent�ate fac�l�tat�on from 
�nh�b�t�on and able to d�st�ngu�sh soc�al �nh�b�t�on from 
obed�ence, econom�c, and other mot�vat�ons. 

Theme 4: Pilot physiological state. Factors such as 
fat�gue,hypox�a, andspat�ald�sor�entat�onaffectweather-
related dec�s�on mak�ng (Taneja, 2002). Interv�ew t�me 
constra�nts prevented full explorat�on of all these factors, 
but we d�d sample d�sor�entat�on. When asked, “How 
many t�mes have you become so d�sor�ented that you had 
to land or call ATC for ass�stance �n determ�n�ng your 
locat�on?”,22p�lots responded(Q31,average1.1ep�sodes 
per p�lot). Add�t�onally, when asked, “How many t�mes 
have you become so d�sor�ented after enter�ng IMC that 
you had d�ffculty �n ma�nta�n�ng a�rcraft control?”, 35 
p�lots responded (Q33, average 1.5 ep�sodes per p�lot). 

G�venhowrelat�vely low-hourmostof thesep�lotswere, 
these numbers were surpr�s�ngly h�gh. Fortunately, of p�-
lotswhoadm�tted tod�sor�entat�on, only32%responded 
to both quest�ons. Put another way, up to two-th�rds of 
those who d�d exper�ence ser�ous d�sor�entat�on may have 
undergone one-tr�al learn�ng. Powerful exper�ences tend 
to have that effect. 

Of course, the nagg�ng facts rema�ned that (a) about 
20% of mostly low-hour p�lots reported gett�ng ser�ously 
d�sor�entedat leastonceand(b) therearemorephys�olog�-
cal effects than just d�sor�entat�on. It seems that ser�ous 
phys�olog�cal d�srupt�ons may be more common than we 

thought. Moreover, these people, even �f they d�d learn 
effect�vely, learned the hard and dangerous way. And the 
handful who went through the exper�ence more than 
once may const�tute a target group �n need of tra�n�ng 
or �ntervent�on. 

Theme 5: Impulsivity. Nearly every adult acts �mpul-
s�vely at least once �n the�r adult l�fe. P�lots are spec�fcally 
tra�ned to m�n�m�ze �mpuls�ve behav�or. Do they? 

Fortunately for th�s analys�s, more than a few p�lots 
felt comfortable enough to adm�t to var�ous k�nds of 
�mpuls�ve or acc�dental rule-break�ng behav�ors such as 
tak�ng off w�th no weather plann�ng at all (Q17g, 40 af-
frmat�ve responses) or fy�ng �nto IMC w�thout proper 
rat�ng or a�rcraft (Q32, 35 affrmat�ves). 

Th�s �s ev�dence we should conservat�vely call “un-
�ntent�onal �mpuls�v�ty” because none of the quest�ons 
overtly asked about �ntent�ons (real�st�cally, how many 
p�lots would have adm�tted, �n wr�t�ng, to an FAA offc�al, 
that they had �ntent�onally broken any rule?) 

So, these answers d�d show that p�lots do act on �m-
pulse once �n a blue moon. Wh�le the vast major�ty of th�s 
behav�or obv�ously d�d not result �n ser�ous consequences 
�n the sense of hav�ng hurt someone, the potent�al ser�-
ousness was �mposs�ble to gauge because the sample was 
b�ased. It conta�ned no one who had ever been k�lled as 
a result of �mpuls�ve behav�or. If such p�lots could talk, 
they m�ght judge �mpuls�v�ty far more harshly than e�ther 
we or these p�lots d�d. 

Inductive (bottom-up, emergent) themes 
Induct�on �s the oppos�te of deduct�on. In exam�n�ng 

the data, patterns and themes emerge, �nduced by the 
ev�dence. 

Theme 6: The uncertainty of weather. A strong theme 
gradually mater�al�zed after mult�ple rev�ews of the data. 
It started w�th the broad �dea of uncertainty. P�lots made 
at least 30 general and 21 spec�fc remarks concern�ng 
the uncerta�nty of weather. So how could th�s effect of 
uncerta�nty be best understood? 

There are at least four ma�n �nfuences that dr�ve the 
uncerta�nty of weather pred�ct�on 

• Weather �s chaot�c 
• Most of us have d�ff�culty understand�ng prob-

ab�l�t�es 
• Weather forecasts are b�ased towards false alarms 
• Weather r�sk �ncreases w�th fl�ght length 

F�rst, weather truly �s hard to pred�ct. Compared 
to s�mple, orderly probab�l�st�c systems l�ke cards or 
d�ce, the earth’s surface, oceans, and atmosphere form 
a complex, chaot�c system �n the str�ctest mathemat�cal 
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sense (Gle�ck, 1987). The mathemat�cal models that 
forecasters use to make pred�ct�ons are, by defn�t�on, 
s�mpl�fcat�ons wh�ch conta�n error. Over t�me, th�s error 
gets ampl�fed and, �nev�tably, the forecast becomes less 
and less accurate. Anyth�ng over 24 hours �s l�terally a 
“long t�me” �n forecast�ng. 

Second, est�mat�ng and understand�ng probab�l�t�es �s 
someth�ng most of us are not terr�bly good at, part�cu-
larly w�th rare events. Kahneman, Slov�c, and Tversky 
(1982) and many others have shown that people often 
underest�mate the occurrence of l�kely events that happen 
to be commonplace wh�le overest�mat�ng the occurrence 
of much less l�kely events that merely happen to be more 
dramat�c.Thechanceofbe�ngk�lledby l�ghtn�ng �s agood 
example. Many of us would th�nk th�s �s fa�rly common, 
yet l�ghtn�ng cla�ms just about 200 Amer�cans each year 
(Nat�onal Weather Serv�ce, 2006a). Th�s �s a small fgure 
compared to the 44,000 typ�cally taken by car acc�dents 
(Bureau of Transportat�on Stat�st�cs, 2006). It �s as �f we 
have a bu�lt-�n tendency to confuse h�gh drama w�th 
h�gh l�kel�hood. 

Ath�rd factordr�v�ngtheuncerta�ntyofweatherpred�c-
t�on �s the fact that weather forecasts are b�ased towards 
false alarms. From a stat�c observer-centered po�nt of 
v�ew—the po�nt of v�ew of any g�ven observer stand�ng 
st�ll on the ground—weather forecasts tend to overpre-
d�ct the chance of bad weather. Th�s �s a rather obscure 
mathemat�cal art�fact wh�ch requ�res some explanat�on. 

Bad weather �s someth�ng we want to detect. It �s a 
“s�gnal” bur�ed �n “probab�l�ty no�se.” Th�s lets us draw 
the four outcomes defned by s�gnal detect�on theory 
(F�gure 2). 

A“false alarm” happenswhenbadweather �spred�cted, 
but the actual weather turns out good (or at least better 

Actual weather 
Bad Good 

Bad 

Predicted 
weather 

Good 

FALSE HIT 
ALARM 

CORRECT 
MISS REJECTION 

Figure 2. The 2x2 matrix of possibilities for 
weather prediction, as defined by signal detection 
theory. 

than pred�cted). A “m�ss” �s when good weather �s pre-
d�cted, but the actual weather turns out bad (or at least 
worse than pred�cted). 

M�sses and false alarms are our two types of m�stakes. 
Too many of e�ther and we start m�strust�ng the weather 
forecast. 

Weather forecasters do not want us to m�strust the 
forecast. But they also know that people d�sl�ke be�ng 
surpr�sed by unexpected bad weather far more than 
they do be�ng surpr�sed by unexpected good weather. 
So, forecasts are typ�cally conservat�ve and effect�vely 
overpred�ct bad weather. In fact, when the forecast says 
“20% chance of ra�n,” all �t really means �s that, w�th�n 
a rather large, pre-spec�fed geograph�cal area dur�ng a 
pre-spec�fed t�me per�od, there �s a 20% chance of at least 
.01 �nches of ra�n fall�ng somewhere (Nat�onal Weather 
Serv�ce, 2006b). 

Th�s way of defn�ng bad weather automat�cally leads 
to l�kel�hood overest�mat�on. The eas�est way to under-
stand �s to th�nk of weather as a shotgun. If you shoot at 
a cereal box 100 yards away, you may have a 20% chance 
of h�tt�ng �t. But the chance of h�tt�ng a fea on top of 
that box �s much smaller. Smaller s�ze—less chance of 
gett�ng h�t. Now, just �mag�ne you are the “fea” and the 
“cereal box” �s the s�ze of Connect�cut. The �dea �s that 
weather probab�l�t�es apply to large geograph�c reg�ons, 
not to one, t�ny person. Your chance of personally be�ng 
h�t by someth�ng �s typ�cally much less than the forecast 
suggests. 

Unfortunately, th�s b�as has a great effect on av�at�on. 
G�ven th�s bu�lt-�n tendency for false alarms, p�lots start 
expecting theactualweather tobe less severe thanpred�cted. 
And then, l�ke the boy who cr�ed “Wolf,” along comes 
a t�me when the actual weather turns out far worse than 
pred�cted. G�ven enough t�me, th�s �s stat�st�cally almost 
certa�n to happen. 

Thefourth �nfuencedr�v�ngtheuncerta�ntyofweather 
pred�ct�on �s yet another stat�st�cal qu�rk, one b�ased �n 
the oppos�te d�rect�on to the one just d�scussed. Longer 
f�ghtsusually �nvolvemorebadweather thanshortf�ghts. 
The reason �s based �n stat�st�cal mechan�cs (Knecht, 
2000) but �s easy to understand: The farther you fy, 
the more a�rspace you plow through. The more a�rspace 
you plow through, the more chance you have of runn�ng 
�nto bad weather somewhere. It �s l�ke walk�ng through 
a m�nefeld. The farther you travel, the more l�kely you 
are to step on someth�ng bad. 

So, to summar�ze, uncerta�nty �s rampant �n weather 
forecast�ng. F�rst, weather �s chaot�c, hence, truly hard 
to pred�ct. Second, we �nnately tend to overest�mate the 
l�kel�hoods of some events wh�le underest�mat�ng others. 
Th�rd, weather forecasts are b�ased to overpred�ct bad 

6 



        

        

     

        

 

          

      

 

  
  
  
  

 
  
  

 
 

  

      

  

        

 
 

       
 

 

 

 

weather for stat�onary observers. F�nally, an oppos�te b�as 
also occurs: that longer f�ghts run greater weather r�sk. 

W�th so many deep and contrad�ctory forces at work, 
�s �t any wonder why weather confuses us? 

Fortunately, many of the p�lots we �nterv�ewed openly 
acknowledged th�s �ssueofuncerta�nty.At least86expl�c�t 
references were made to spec�fcs such as “expect�ng the 
unexpected” and of hav�ng precons�dered opt�ons such as 
d�vert�ng to alternate a�rports or dr�v�ng �nstead of fy�ng. 
Th�s showed an apprec�at�on of the underly�ng problem 
and a healthy evolut�on of strateg�es to combat �t. 

Sponsor-driven questions 
Th�sworkwaspart�ally tasked toaddress anadd�t�onal, 

sponsor-dr�ven quest�on, namely: 
Theme 7: To what extent do mission goals infuence 

weather analysis and decision making? Unfortunately, 
there was l�ttle ev�dence �n th�s study to �llum�nate that 
theme beyond d�scuss�on of Theme 3. S�nce the current 
�nterv�ew quest�ons spec�fed ne�ther a range of weather 
nor of m�ss�ons, �t was no surpr�se that m�ss�on goals d�d 
not come up spontaneously as a theme. 

Fortunately, the bas�c quest�on was addressed by pr�or 
work. In unpubl�shed data gathered by Knecht, Harr�s, 
and Shappell (2005), 105 GA p�lots were asked about 
the�rw�ll�ngness tofy �nass�gnedv�s�b�l�t�es rang�ng from 
1-5 sm and ce�l�ngs of 1000-2000’. One debr�ef quest�on 
was, “If your f�ght m�ss�on had been cr�t�cal (for example, 
del�ver�ng a human heart for surgery), how much would 
that change your w�ll�ngness to take off/cont�nue?” 

G�ven that hypothet�cal s�tuat�on, v�rtually everyone 
�nd�cated a strong w�ll�ngness to fy �n the v�s�b�l�ty/ce�l-
�ng comb�nat�on to wh�ch they had been ass�gned. Th�s 
was part�cularly str�k�ng, g�ven that many had actually 
chosen not to fy, even when offered $200 to do exactly 
that. Now, wh�le respondents adm�ttedly may have been 
merely try�ngtocast themselves �nagoodl�ght, thechances 
are good that these answers really d�d refect a genu�ne, 
altru�st�c human concern for fellow c�t�zens. 

If so, then th�s addresses the �nfuence of f�ght m�s-
s�on. G�ven an extremely cr�t�cal m�ss�on, nearly all p�lots 
w�ll fy �nto some fa�rly bad weather. Conversely, g�ven 
severe weather coupled w�th an un�mportant m�ss�on, 
nearly no one w�ll. 

That defnes two ends of a cont�nuum. But remem-
ber that th�s �s a mult�d�mens�onal dec�s�on landscape 
w�th many poss�ble weather character�st�cs and m�s-
s�on character�st�cs. As �s usual �n such cases, deta�ls 
are cr�t�cal, and every scenar�o ends up hav�ng to be 
exam�ned separately. 

DISCUSSION AND CONCLUSIONS 

Th�s research was the second �n a two-part ser�es. 
Part I looked at quant�tat�ve data from 221 GA p�lot 
�nterv�ews, categor�z�ng the types of weather �nforma-
t�on p�lots could use versus the ones they say they do 
use (Knecht, 2008). 

Here �n Part II, the emphas�s was qual�tat�ve. Us�ng the 
same data set, we looked for further ev�dence of weather-
related factors that �nfuence p�lot dec�s�on mak�ng and 
wh�ch were e�ther log�cally deduc�ble facts or wh�ch could 
be arr�ved at �nduct�vely by scor�ng and tally�ng p�lots’ 
free-response �tems. The underly�ng goal was hypothes�s-
generat�on for poss�ble future explorat�on. 

The follow�ng factors were fa�rly strongly sup-
ported: 

1. “Short l�st” of weather types uppermost �n 
p�lots’ m�nds 
a. storms 
b. �ce 
c. deter�orat�ng v�s�b�l�ty 
d. lower�ng cloud ce�l�ngs 

2. Spec�fc p�lot factors �nfuenc�ng the “short l�st” 
a. �nstrument rat�ng 
b. exper�ence w�th weather 

3. Spat�al d�sor�entat�on 
4. Uncerta�nty 

a. forecast accuracy decreases as lookahead t�me 
�ncreases 

b. forecastprobab�l�t�esaregreatlym�sunderstood 
by most people 

c. forecasts rout�nely overpred�ct bad weather for 
stat�onary observers 

d. weather r�sk �ncreases as f�ght length �n-
creases 

The follow�ng factors found modest support: 
5. Soc�al and econom�c pressures can �ncrease r�sk-

tak�ng 
6. Str�ctly �mpuls�ve behav�or �s rare but does 

ex�st 

F�nally, there was narrowly focused (but fa�rly strong) 
support found �n prev�ously unpubl�shed data for the 
�nfuence of: 

7. m�ss�on goals 

Factors 1 and 2 rece�ve extens�ve intellectual tra�n�ng 
�n GA f�ght tra�n�ng. But one �mportant th�ng new 
p�lots typ�cally lack �s the “fear factor” wh�ch can only 
be learned from the physical and emotional exper�ence of 
storms, �ce, and �nadequate v�s�b�l�ty. 
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Factor 3 concepts are also covered �n f�ght tra�n-
�ng. But, aga�n, unless p�lots have spent t�me �n spec�al 
full-mot�on d�sor�entat�on tra�n�ng s�mulators, phys�-
olog�cal effects w�ll probably end up be�ng learned the 
“old-fash�oned” way. 

MostofFactor4 rece�ves l�ttle emphas�s.Wew�ll return 
to �t �n a moment. 

Factor 5 �s one everybody acknowledges but no-
body does much about because �t �s about psychol-
ogy, not str�ctly about p�lot tra�n�ng. To res�st soc�al 
and econom�c pressures takes knowledge, w�sdom, 
and character as p�lot-�n-command. Fl�ght schools 
cannot teach w�sdom. That �s a l�felong process. But 
they can offer gu�dance, encourage p�lots to develop 
personal m�n�ma, and share personal accounts of 
weather encounters, both the�r own and those of p�lots 
they know. Personal�zat�on can help make the abstract 
more concrete. 

Factor 6 �s the reason there are few “old, bold p�lots.” 
Impuls�v�ty catchesupw�th them. Impuls�v�ty �s av�at�on’s 
crabgrass—we can control �t but can never completely 
get r�d of �t. Our culture values dar�ng behav�or. Fly�ng �s 
synonymousw�thdar�ng.Sohowdowehonorourculture 
and st�ll teach the d�sc�ple that d�scret�on �s usually the 
better part of valor? Maybe the answer �s to teach that 
there �s no honor �n unnecessary r�sk. 

L�ttle d�rect support was found for Factor 7 �n these 
data (although �t was �n other, unpubl�shed data). G�ven 
the r�ght m�ss�on, p�lots w�ll take on cons�derable r�sk. 
But the relat�on �s complex and the deta�ls of the m�ss�on 
and the weather both matter. 

Most of these factors are well-known and our red�scov-
ery of them far from ground-break�ng. But they are real, 
and our focus on them has to rema�n relentless. 

Factor 4 �s perhaps the most �ntr�gu�ng and novel part 
of th�s report. We all know weather �s uncerta�n, but we 
rarely s�t down and th�nk exactly why �t �s uncerta�n and 
why �t �s that the human m�nd has such d�ffculty w�th 
th�s part�cular style of uncerta�nty. 

The uncerta�nty of weather starts w�th the phys�cal 
world. Weather �s complex and chaot�c �n the true math-
emat�cal sense—�mposs�ble to fully model, �mposs�ble to 
fully pred�ct. That leaves probab�l�ty as the best we can 
do to express how weather behaves. 

Probab�l�t�es segue �nto psychology. By nature, the hu-
man m�nd hates uncerta�nty. The greater the uncerta�nty, 
the more uncomfortable we are w�th �t. Th�s d�scomfort 
�s deep-rooted, genet�c, and probably related to surv�val 
of the spec�es. We seem to have b�ases. We overest�mate 
some odds and underest�mate others. Why? Because, �n 

the st�ll of the n�ght, there may be t�gers. And, those of 
ourancestorsb�ased toworrya l�ttle toomuchabout t�gers 
may have ended up l�v�ng longer than those who worr�ed 
too l�ttle. So, these mental b�ases may be the remnants 
of tendenc�es that, under more pr�m�t�ve c�rcumstances, 
conveyed surv�val advantage. But, here �n the modern 
world, a s�de effect �s that we overest�mate the average 
sever�ty of weather forecasts. 

Intu�t�on tells us that bad weather �s less l�kely to hap-
pen than the forecast says—if you stand �n one spot. Now, 
stat�st�cal mechan�cs shows that �ntu�t�on was r�ght. 

F�nally, as �f all th�s were not enough, we now know 
that the oppos�te �s true, too, prov�ded we are not stand�ng 
�n one spot. The farther we fy, the more adverse weather 
we’re l�kely to encounter. 

We now have a clearer understand�ng of why weather 
forecast�ng �s �nherently problemat�c and w�ll never be 
tr�v�al. Th�s �s no cause for alarm or d�scouragement, 
but p�lots do need to come to the same k�nd of clear 
understand�ng. Exactly how to do that w�ll occupy us 
for some t�me to come. 

Suggestions for further study and/or intervention 
Uncerta�nty �s the p�lot’s greatest enemy. What we 

know and know of, we can e�ther cope w�th or avo�d. F�ve 
healthy, pos�t�ve weather-related responses are: 

1. Use and understand the modern weather products. 
2. Expect the unexpected. 
3. Always have mult�ple, workable opt�ons thought out 

ahead of t�me. 
4. Do not wa�t to learn about weather the hard way. 
5. There �s no honor �n unnecessary r�sk. 

We can teach weather sk�lls. The ut�l�ty of low-cost, 
PC-based weather tra�n�ng comes to m�nd, as well as low-
cost cockp�t weather �nformat�on dev�ces (and we need 
to stress that the Fl�ght Serv�ce Stat�on �s the lowest-cost 
“dev�ce” of all). 

Ult�mately, we need even more rel�able, more effec-
t�ve weather forecasts. In the meant�me, p�lots need to 
seek out the excellent pref�ght preparat�on products 
already �n place (e.g., www.av�at�onweather.gov). P�lots 
need to understand clearly what those mean and how to 
use them. R�ght now, these weather prov�ders are new, 
and we are all st�ll learn�ng how to make the most of 
them. Fam�l�ar�ty and understand�ng w�ll spontaneously 
�ncrease w�th use, so that aspect �s self-correct�ng. In 
the meant�me, human factors study of the graph�c user 
�nterfaces m�ght be of serv�ce to the Nat�onal Weather 
Serv�ce and should be cons�dered. 
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ENDNOTES 

1To understand Table 1, frst not�ce the h�ghl�ghted “Total” 
on the left-hand s�de. Now follow the percentage of p�lots who 
ment�oned weather factors �n that row. 

Total 83 5 7 48 5 46 57 52 

Each number represents the percentage of p�lots who 
“voted” for that weather factor by ment�on�ng �t �n the�r 
�nterv�ew. Each cell percentage was calculated as 

# of pilots who mentioned this factor at least once 
total # pilots (N=221) 

If a p�lot ment�oned a g�ven factor more than once, �t 
st�ll only counted as one “vote.” Therefore, the smallest 
percentage a g�ven factor could get was 0% and the larg-
est, 100%. Not�ce that rows do not add up to 100%. We 
do not expect them to, because each factor was separate 
and based on �ts own separate tally of votes. 

The row at left labeled “Total” cons�dered �nstrument-
rated and non-�nstrument-rated p�lots together as a total 
group. H�gher-than-average percentages (h�ghl�ghted, 
bold) that emerged as prefight factors were storms (83%), 
�ce (48%), cloud ce�l�ng (46%), v�s�b�l�ty (57%), and 
w�nd (52%). 

In the same row, farther to the r�ght, s�m�lar numbers 
emergedfor in-fight factors—onessupposedly�nfuenc�ng 
p�lots’ go/no-go weather dec�s�ons wh�le �n-f�ght. 

11 81 5 4 42 5 41 49 38 

Here, h�gher-than-average percentages emerg�ng as 
in-fight factors were storms (81%), �ce (42%), cloud 
ce�l�ng (41%), and v�s�b�l�ty (49%). 

Instrument fy�ng �s d�fferent from VFR f�ght, so we 
sorted p�lots by �nstrument rat�ng. These percentages 
form the two rows labeled (at left) “Non-IR” and “IR.” 
In these two rows, h�ghl�ght�ng and boldface aga�n mark 
the most frequently ment�oned factors. 

The l�m�tat�ons of Table 1 must be expla�ned. Over-
all, what we were try�ng to do was get a sense of wh�ch 
weather factors were most �mportant to p�lots. S�nce each 
cell represented the percentage of p�lots who ment�oned 
a part�cular factor at least once dur�ng the�r �nterv�ew, 
we assumed that the more p�lots who ment�oned that 
factor, the more �mportant the factor was l�kely to be �n 
the�r dec�s�on mak�ng. Thus, the h�gher numbers prob-
ably refected the more �mportant weather factors. The 
quest�on then became how b�g d�d the numbers have to 
be to be cons�dered rel�able? 

The frst step was to compare each cell �n a row w�th 
�ts correspond�ngrowmean.Th�swoulddeterm�newh�ch 
weather factors were above average. To establ�sh rel�ab�l-
�ty, �n each of the “Total,” “non-IR,” and “IR” rows, a 
standard error of proport�on (SEM

row
) was calculated to 

est�mate the stab�l�ty of that row mean (Ferguson, 1971, 
ch. 12). Then, each �nd�v�dual cell score was evaluated 
aga�nst (row mean + 1.65 SEM 

r
, ≈ “p < .05,” 1-ta�led). 

Note that th�s �s not the same as fnd�ng “the upper 5% 
of cell values.” It represents fnd�ng wh�ch weather fac-
tors seem rel�ably more important than average. Thus we 
expect to see about half the factors �dent�fed, wh�ch �s 
the case �n Table 1. Stat�st�cal pur�sts may cr�t�c�ze th�s 
method, but we need to keep �n m�nd the largely qual�ta-
t�ve, exploratory nature of th�s study. 

The second th�ng we wanted to do was compare non-
�nstrument-rated p�lots w�th �nstrument-rated p�lots 
to see wh�ch weather factors seemed more �mportant 
to wh�ch group. Th�s method was cons�derably more 
prec�se. It �nvolved compar�ng cells by column, between 
“Non-IR” and “IR” for each weather factor. To do that, 
a separate SEM was calculated for each “(Non-IR) 

column 

– IR” d�fference score (because SEM �s a funct�on of both 
proport�ons), and that was used to do z-tests (Ferguson, 
1971, ch. 12). In th�s case, we elected to use a much 
more str�ngent cr�ter�on for rel�ab�l�ty, p < .02, 2-ta�led, 
to correct for mult�ple compar�sons. 

Tosummar�ze, thepr�mary l�m�tat�onherewas that the 
method was extremely lax about the “row conclus�ons,” 
wh�lebe�ngmoderately str�ctabout“columnconclus�ons.” 
Therefore, the reader �s strongly caut�oned to keep th�s 
�n m�nd, as appropr�ate to the c�rcumstance. 

2InTable1(andthroughout th�s report),mostnumbers 
presented are not necessar�ly stat�st�cally s�gn�fcant. Th�s 
�nvolves a techn�cal �ssue hav�ng to do w�th exper�ment-
w�se error. When many stat�st�cal results are reported �n 
one study, there �s a good chance that at least some of 
those “s�gn�fcant” results w�ll be false. However, �f one 
uses standard procedure to stat�st�cally correct for th�s 
(e.g., the Bonferron� correct�on), then one lands squarely 
�n terr�tory where nothing �s “s�gn�fcant.” Th�s �s one 
reason why, �n exploratory research such as th�s—and, 
part�cularly �n qual�tat�ve research—results are typ�cally 
presented “as �s,” w�th no deep stat�st�cal analys�s, and 
no correct�on for exper�mentw�se error. 

3At frst glance, �t m�ght seem appropr�ate to do analy-
s�s of var�ance (ANOVA) on these numbers. But many 
var�ables (e.g. ,storms, ra�n, ha�l) are correlated and, to an 
unknown degree, v�olat�ng the assumpt�ons of ANOVA 
and render�ng �t �nappropr�ate. 
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APPENDIX A SME# 
Pilot Interview 

1. Age____ 
2. Gender (male __, female __) 

3. Primary occupation ____________________________________________________________________ 

4. Other current occupation(s)____________________ 

5. Past occupations(s) related to aviation______________________________________________________ 
6. Certificates and ratings (check each that applies) 

Sport Airplane Single-Engine 
Recreational Airplane Multiengine 
Private Rotorcraft 
Commercial Balloon 
ATP Airship 
Instrument Glider 
Flight Instructor Powered-Lift 

7. Type of flying you do (to the nearest 10 percent, for example, recreational 20%) 
recreational____ business____ corporate____ commercial____(these should add to 100%) 

For questions below, “general aviation” (GA) means “any small aircraft not flying for hire.” 
8. Your total GA flight hours (best guess) ___________ Total hours in last 90 days___________ 

9. Do you own your own GA aircraft, either by yourself or as a member of a partnership? (Y / N) 

10. Type(s) of GA aircraft usually flown:____________________________________________________ 

11. Your normal personal minimum for GA VFR visibility ________ statute miles 

12. Your normal personal minimum for GA VFR cloud ceiling ________ feet AGL 

For questions below, if you’re not a U.S. citizen, use “country” instead of “state” 

13. Current home state (legal residence) _______________________ 
14. Approximate percentage of time you’ve flown GA in your home state _____% versus 

outside your home state _____% (est.: add up to 100%) 

15. State(s) where you received GA pilot training____________________________ 
16. States where you’ve flown GA (put a check mark in each state name below) 

If your flying has been largely 
outside of the USA, please list 
below the countries in which you 
regularly fly and the percentages 

of time spent in each (estimates): 

Country % time 

A-1 



                  

                 
            

     

             
                

            
     

    

               
              

       

         

          

            
     

               
       

         

              

              

            

                   
            

This is a study about how GA pilots use weather information. Please bear in mind these things: 

A. We already know the “textbook answers” for how pilots are supposed to use weather information. What we 
need to know is how real pilots are using real weather information in the real world. 

B. Your responses are strictly anonymous and confidential. 

C. In the next section we’ll refer to “cross-country flights.” That may mean different things to different 
people. So define “cross-country” as: 1) Non-local airport, far enough away that the weather could surprise 
you. 

D. “Bad” weather can also mean different things. So define it as: Weather serious enough to challenge your 
skill level and the aircraft’s capabilities. 

SECTION TWO: CROSS-COUNTRY, BAD WEATHER GA FLIGHT 

17. This question will ask details about how you get a PREFLIGHT weather briefing for CROSS-COUNTRY, 
GA FLIGHT when you ANTICIPATE BAD WEATHER. Use the definitions of “cross country” and “bad 
weather” from above in forming your responses. 

a. When do you start planning such a flight? (for example, the day before, the morning of, etc.) 

b. Where do you start researching the weather? (e.g., at home? At the airfield?) 

(Below, a weather “product” is a single report like a METAR, TAF, ASOS, or AWOS. A 
“provider” is an organization like the FSS that bundles individual products together to 
give a comprehensive wx outlook) 

c. List the main weather information provider(s) you consult. List the main products you use from 
each provider. What relative importance do you give to these products? (write “1” by the most 
important product, “2” by the second-most important product, etc. 

d. About how many minutes does usually it take to finalize your bad-weather GA plan?______ 

e. List the major weather factors that would immediately trigger a no-go decision before takeoff. 

f. What weather factors would lead you to divert a flight in progress? 

g. Is there any time you anticipated bad weather but took off without planning for it? If so, describe it 
briefly. Remember—this is 100% anonymous, so do NOT name names of individuals involved. 

A-2 



          
                    

              

              

           

                 

h. Have social or business pressures ever influenced your GA go/no-go weather decision? (For 
example, have you ever made a risky flight on a dare, or has a boss ever pressured you into flying 
against your better judgment?). If so, describe it, taking care not to name names. 

i. In plain words, describe what goes through your mind in planning for bad-weather, cross-country 
GA flight. 

j. Briefly, how does your good-weather planning differ from your bad-weather planning? 

k. If there were one thing you’d like to see improved about weather information, what would it be? 
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SECTION 3: CROSS-COUNTRY, BAD-WEATHER INFO. SOURCES (IN-DEPTH REPORT) 
(As before, a “product” is a single report. A “provider” combines products to give a big picture) 

18. Evaluate the top 5 preflight weather providers you use most to plan a cross-country, bad-weather flight. 
a. Rank: Using the 1-to-5 scale below, rank ONLY your 5 most-used providers (leave others 

blank). 

%: Estimate the percentage of cross-country, bad-wx flights you use each of these top 5 providers 
on. (NOTE: In 18c, 19c, and 20c, the percentages do NOT have to add up to 100%) 

Minutes: Estimate the average number of minutes spent on each of the 5 during bad-wx preflight. 

Rank Value Provider Format Details % of flights Minutes 
1-5 1-5 used on spent 

Commercial vendor Internet Wx via internet, paid (Which site?__________________) 
Public NWS or NOAA site Internet Wx via internet, free (Site(s)? _____________________) 
DUATS Internet FAA Direct User Access Terminal 
DUATS at airport 
FSS telephone Flight Service Station, automated briefing (TIBS) 
FSS telephone FSS standard briefing 
FSS telephone FSS, abbreviated briefing 
FSS telephone FSS, outlook briefing 
The Weather Channel Internet,TV Cable TV weather 
Other sources List_________________________________________ 

b. 

c. 

d. 

1 2 3 4 5 
most-used above average average below average least-used 

Value: Using the 1-to-5 scale below, rate the information value of each of those top 5 choices. 

1 2 3 4 5 
excellent above average average below average poor 
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19. The same way you did in Q18, evaluate the top 8 preflight weather products you use most in planning a 
cross-country, bad-wx flight. “Text” format means sources you read yourself or that are read to you. 

a. Rank ONLY your 8 most-used products. Write “1” next to the source you use most, etc. 
b. Rate the value each of these 8 using the 1-5 scale of Q18b, for its information value. 
c. Estimate the percentage of cross-country, bad-wx flights during which you used each of the 8. 
d. Estimate the average number of minutes spent on each of the 8 during bad-wx preflight. 

Rank Value Product Format Details % of flights Minutes 
1-8 1-5 used on spent 

AC text Severe Wx Outlook Narrative (2-day convective outlook) 
AIRMET / SIGMET text Icing, turbulence, IFR, convective advisories, watches 
ASOS radio Automated Surface Observing System 
ATIS radio Automated Terminal Information Service 
AWOS radio Automated Weather Observing System 
charts, Air- or Surface-analysis graphic Constant-pressure (isobar) charts 
charts, Convective outlook graphic 48-hr forecast charts for T-storm activity 
charts, Prog. graphic 12, 24-hr prognostication charts w. isobars, wx symbols 
charts, Radar (NEXRAD) graphic Doppler radar maps 
charts, Radar summary graphic Maps of precipitation regions 
charts, Weather depiction graphic Maps with isobars, precip, IFR regions, ceilings 
FA text Aviation area 18-hr forecast 
FD text Winds and temps. aloft 12-hr forecast charts 
FD graphic Winds and temps. aloft 12-hr forecast charts 
GPS T or G Global positioning satellite 
LLWAS radio Low-Level Wind Shear Alert System (at airports) 
METAR text Meteorological Aviation Routine 
PIREP text Pilot reports 
Satellite graphic Satellite photos of cloud cover 
SD text Radar weather reports (hourly) 
TAF text Terminal Aerodrome Forecast 
TWEB text Transcribed Weather Broadcast (over telephone) 
WW, AWW text Weather Watch bulletins, severe 
Other sources List_________________________________________ 

20. The same way you did in Q18, evaluate the top 3 en route weather sources you use most during a cross-
country, bad-weather flight (here, a “source” can either be a product or a provider). 

a. Rank: Rank ONLY your 3 most-used sources. Write “1” next to the source you use most, etc. 
b. Value: Using the 1-5 scale of Q18b, how do you rate each of these 3 source’s information value? 
c. %: Estimate the percentage of cross-country, bad-weather flights you use these 3 sources on. 
d. Minutes: Estimate the average number of minutes you spend on each during bad-wx flight. 

Rank Value Source Details % of flights Minutes 
1-3 1-5 used on spent 

avionics (e.g. on-board radar, Stormscope, etc) List_______________________ 
ASOS Automated Surface Observing System 
ATIS Automated Terminal Information Service 
AWOS Automated Weather Observing System 
EFAS Enroute Flight Advisory System (Flight Watch through FSS) 
HIWAS Hazardous Inflight Weather Advisory System (selected VORs) 
TWEB Transcribed Weather Broadcast (over VOR, NDB) 
Other sources List_________________________________________ 

21. Are there reasons why the preflight and enroute sources you USE most aren’t the ones you VALUE most? 
If so, why? (For example, some of the graphic Internet products download slowly on a modem. Or some 
products may be unavailable. Or you might consider some too incomplete or unreliable). 

22. What percentage of FSS briefers do you think are National Weather Service-certified? (best guess) _____ 

23. What percentage do you think are pilots? _____ 
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24. Would it matter to you if your briefer were not a pilot, as long as he/she were NWS-certified? (circle 
answer) 

1 2 3 4 5 
not at all a little bit somewhat quite a bit an extreme amount 

25. If you use FSS weather briefings, how satisfied are you with them? (leave blank if you don’t use FSS) 
1 2 3 4 5 

not at all a little bit somewhat quite satisfied extremely 
satisfied 

26. What is the typical number of weather reporting stations (e.g. KOKC, KDWF) you check before an average 
4-hour, bad-weather GA flight?____ The smallest number?_____ The largest number?_____ 

Regarding VFR LOCAL FLIGHT, what percentage of the time do you do the following (0-100%)? 

27. I get a briefing on the weather before I take off ………………. ____ 

28. I request weather updates during flight ………………………… ____ 

Regarding VFR CROSS-COUNTRY FLIGHT, what percentage of the time do you do the following? 

29. I get a briefing on the weather before I take off ……………….. ____ 

30. I request weather updates for route & destination during flight ____ 

Answer questions 31 through 34 using a scale of “0” through “6 or more”: How many times have you … 

31. become so disoriented that you had to land or call ATC for assistance in determining your location? ____ 

32. flown into areas of IMC without an instrument rating or an instrument-qualified aircraft? ………. ____ 

33. become so disoriented after entering IMC that you had difficulty in maintaining aircraft control? ____ 

34. turned back or diverted to another airport because of bad weather while on a VFR flight? ……….. ____ 

Use the scale below to answer Qs 35-38 

1 2 3 4 5 
not at all a little bit somewhat quite a bit an extreme amount 

35. How much does the distance you have to fly through bad weather affect your willingness to fly? ____ 

36. Does having non-family passengers affect your willingness to fly in bad weather?……………….. ____ 

37. Does having family passengers affect your willingness to fly in bad weather? …………………… ____ 

38. Has social or corporate pressure ever affected your willingness to fly in bad weather? …………… ____ 

39. Have you ever had a life-threatening flight experience related to weather? (Y / N) ………………. ____ 
(On Q 39, if answer is 3, 4, or 5, please briefly describe your experiences). 

THIS CONCLUDES THE SUBJECT MATTER EXPERT INTERVIEW. THANKS AGAIN. 
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APPENDIX B 

(Top) Coding rubric for qualitative analysis, with frequencies of incidence. 
(Bottom) Deductive versus inductive elements of the rubric. 

At destination 

How well do 
I know the 
weather? 

At origin En route 

Increasing uncertainty 

How bad 
does it seem 

to me? 

How strong is 
my motivation 

to fly? 

How strong is 
my motivation 

to remain safe? 

Subjective Objective Subjective 

What is my 
physical state? 

How good is 
my equipment? 

How skilled / 
experienced 

am I? 

Subjective 

Objective 

U 
n 
c 
e 
r 
t 
a 
I 
n 
t 
y 

What are my 
options? 

5. Coded by body-related 
statements such as “fatigue,” 
“hunger,” “disorientation.” 

A. In general text. 
B. Qs 31, 33 

4 
50 

2. Coded by presence of key 
affective risk-acknowledgment 
phrases such as “risk,” 
“caution,” “could I crash,” 
”worth the trouble.” 

A. In general text. 
B. Due to passengers 

(Qs 36, 37) 

49 
103 

1. Coded by statements such 
as “I really wanted to fly” or “I 
felt pressure from my 
employer to fly” or “I just felt 
like going.” 

A. Internal pressure 
(self-generated) 

B. External pressure 
(Qs 17h, 38) 

C. Impulsivity (Q17g, 
32)35 

40 

48 

4 

4. Coded by references such 
as “my own skill level,” or “I 
had done this before.” 4 

3. The goal here was to 
capture statements about 
uncertainty such as 
“unpredictable,” “rapidly 
changing,” or “looking for 
trends.” 30A. General 

21B Specific 

7. Statements such as “what 
are my options,” “could I just 
drive,” or any reference to 
alternate airports. 86 

6. Coded by references to 
aircraft & nav. capabilities 
such as “whether my ship 
could handle it,” “have enough 
fuel,” or “up-to-date charts.” 17 

Theory-driven elements 
(Deductive) 

Data-driven elements 
(Inductive) 
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	USE OF WEATHER INFORMATION BY GENERAL AVIATION PILOTS, PART II, QUALITATIVE: EXPLORING FACTORS INVOLVED IN WEATHER-RELATED DECISION MAKING 
	INTRODUCTION 
	INTRODUCTION 


	BACKGROUND AND PURPOSE 
	BACKGROUND AND PURPOSE 
	BACKGROUND AND PURPOSE 

	Wh.le the causes of av.at.on acc.dents are var.ed and many, adverse weather rema.ns a major, elus.ve cause of generalav.at.on(GA)fatal.t.es.Weatherwasc.tedascausal .n only 4% of GA acc.dents but .t accounted for 12 to 17% of fatal.t.es, s.nce about 70% of weather-.nduced acc.dents prove fatal (AOPA, 2005). 
	The U.S. Federal Av.at.on Adm.n.strat.on has a stated current goal of reduc.ng GA fatal.t.es (FAA, 2006). To th.s end, weather acc.dents are targeted for reduct.on. 
	Th.s calls for psycholog.cal research. Yet, the more we learn, the more we apprec.ate how del.cately the complex.ty of weather .nteracts w.th the .ntr.cacy of the human m.nd and the p.lot’s un.que task-world. The problem .s not s.mple. 
	Th.s report .s the second .n a two-part ser.es, Part I be.ng Use of weather information by general aviation pilots, Part I, quantitative: Reported use and value of providers and products (Knecht, 2008). In Part I, we exam.ned quant.fiable aspects of how an .nterv.ewed sample of 221 GA p.lots actually used the weather .nformat.on ava.lable to them. 
	Here .n Part II, the rema.n.ng .nterv.ew data are ex-am.ned for themes—factors seem.ng to .nfluence p.lot weather-related dec.s.on mak.ng. The m.ss.on .s to look beyond quant.tat.ve analys.s to explore both known and novelweather-related.deasworthyoffurther.nvest.gat.on or actual .ntervent.on. 

	METHOD 
	METHOD 
	METHOD 

	Design 
	Design 
	The or.g.nal data collect.on .nvolved ons.te .nterv.ews w.th GA p.lots. The .nterv.ew .nstrument .tself .s shown .n Append.x A. In add.t.on to .ts quant.tat.ve research .tems, th.s .nstrument conta.ned qual.tat.ve .tems des.gned to el.c.t free responses. Free-responses are often useful .n gett.ng respondents to th.nk beyond the r.g.d l.m.ts .mposed by checkbox .tems. 
	-


	Participants 
	Participants 
	Participants 
	Dur.ng July and August, 2005, FAA staff conducted on-s.te .nterv.ews w.th 230 GA p.lots at locat.ons across 5 states(CA,OK,ND,IL,FL).Fourvenueswereun.vers.tybased fl.ght schools; the fifth was a hel.copter tra.n.ng course. Of these 230 p.lots, 221 ult.mately prov.ded usable data. Med.an p.lot age was 23 years; med.an fl.ght exper.ence was 245 hours. Women compr.sed 14% of the sample. All were volunteers pa.d for the.r serv.ces as subject matter experts. 
	-
	-



	Procedure 
	Procedure 
	Procedure 
	L.ke the Part I study, all responses were referenced to a common benchmark—a “standard fl.ght,” defined as a 4-hour fl.ght through “weather ser.ous enough to challenge your sk.ll level and the a.rcraft’s capab.l.t.es.” Th.s benchmark was cruc.al to the study. W.thout .t, p.lots would have subst.tuted the.r own pr.vate defin.t.ons of “bad weather,” mak.ng .t .mposs.ble to relate the.r att.tudes and behav.or to any common real-world standard. 
	-

	P.lots were asked open-ended quest.ons and L.kertscale .tems des.gned to capture the.r thought processes wh.le deal.ng w.th adverse weather. The open-ended responses were then scored accord.ng to a cod.ng scheme (rubr.c) la.d out .n Append.x B. 
	-

	Rubr.cs are central to qual.tat.ve analys.s. A rubr.c .s a scor.ng methodology, a systemat.c way of defin.ng a set of key factors well enough to let a rater recogn.ze and tally spec.fic .nstances w.th.n some g.ven text, speech, or behav.or (M.les & Huberman, 1994). Mult.ple .nstances of a s.ngle factor then const.tute a “theme.” A theme can be un.que to an .nd.v.dual, but we are usually .nterested .n themes .nvolv.ng more than one person. Naturally, the more respondents who ment.on a theme, the more un.vers
	Rubr.cs typ.cally take t.me to develop. They evolve gradually,w.th.nthecontextofspec.ficdata,us.ngaprocess of deduct.on and .nduct.on appl.ed .terat.vely. Deduct.on .s top-down, log.cal reason.ng start.ng w.th general pr.nc.ples and then look.ng for spec.fic .nstances .n spec.fic data. Induct.on .s the reverse, the bottom-up format.on of general conclus.ons after look.ng at spec.fic data. 
	-


	Figure
	Consequently, three .nfluences shaped the evolut.on expense of .ncreased false alarms, namely .ncreased Type of our rubr.c (a) deductive, (b) inductive, and (c) sponsor-I error (Green & Swets, 1966). A finer-mesh net catches driven. Cogn.t.ve and behav.oral psycholog.cal theory more fish—but also more flotsam. gu.ded the search for top-down, deduct.ve ev.dence of The po.nt .s that quant.tat.ve and qual.tat.ve analys.s certa.n themes .n the data. Conversely, rev.ew.ng spec.fic are really two methodolog.es de
	-

	subsequent results. 
	Methodological issues 
	Issues of rel.ab.l.ty and val.d.ty take on a markedly RESULTS d.fferent role .n qual.tat.ve analys.s than they do .n quant.tat.ve analys.s. F.rst, the concept of “themes” lends .tself S.nce the rubr.c was .terat.vely shaped by three .nflulesstod.scretenessanddefinab.l.tyandmoretobroadness ences (deduct.ve, .nduct.ve, sponsor-dr.ven), the results and general.ty. Consequently, we typ.cally recal.brate our are presented under s.m.lar head.ngs. pr.or.t.es regard.ng exper.mental error when we go out “fish.ng for
	-
	-

	Second, .n quant.tat.ve analys.s the focus .s almost Theme 1: Type of weather. Psycholog.cally, weather .s always on controll.ng Type I error (the m.s.dent.ficat.on a set of spec.fic st.mul.. So, certa.nly, d.fferent types of of factors as “s.gn.ficant” wh.ch are truly not). Whereas, weather must affect p.lot dec.s.ons d.fferently. Change .n qual.tat.ve analys.s the focus .s frequently on control-the weather, change the dec.s.on. l.ng Type II error (the failure to .dent.fy as s.gn.ficant Follow.ng a deduct.
	What we have to understand .s the relat.on between ogy and exactly how to read Table 1.Br.efly, each cell Type I and Type II errors. “Truth” can be thought of as a represents the percentage of p.lots who d.scussed that “s.gnal,” and s.gnal detect.on theory says that whenever factor at least once .n the.r .nterv.ew. If a g.ven p.lot we choose to capture more s.gnal (.ncrease the h.t rate, ment.oned a g.ven factor more than once, .t st.ll counted m.n.m.ze Type II errors), th.s inevitably comes at the only onc
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	Table 1. Percentages of the 221 pilots who referred at least once to each weather factor in their interview. Data to the left refer to preflight. Data to the right refer to in-flight. Row "IR" data came from instrument rated pilots, row "Non-IR" from non-IR pilots. Row "Total" combines both IR and non-IR responses. "Storms" mainly means thunderstorms, but also tornadoes + hurricanes. “Wind” z < .05 (uncorrected for number of comparisons), 1-tailed for all but "(Non-IR-IR)" scores, which reflect pz < .02, 2-
	includes turbulence + wind shear. Significant results are bold+highlighted (p

	Storm, (incl.T-storm,tornado, hurricane)RainSnowIceHailCloud ceilingVisibilityWind/Turbulence Storm, (incl.T-storm,tornado, hurricane)RainSnowIceHailCloud ceilingVisibilityWind/Turbulence Preflight In-flight Total 83 5 7 48 5 46 57 52 81 5 4 42 5 41 49 38 51 64 63 66 9 3 22 4 48 66 37
	Non-IR 78 10 
	6 7 
	6 7 
	25 57 -32 
	3 6 
	Figure
	Figure
	Figure
	Figure

	87
	IR 86 3 (Non-IR)-IR 
	3 
	3 
	5
	44 

	54 47 -21 
	4 
	4 
	50 -28 
	Figure
	38 
	42 24 
	38 
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure

	total to 100%. Factors w.th percentages s.gn.ficantly h.gher than average (p < .05) are shown boldfaced and h.ghl.ghted .n gray. Stat.st.cal .ssues are elaborated .n a second endnote.
	2 

	The row labeled “Total” represents .nstrument-rated and non-.nstrument-rated p.lots comb.ned. H.gherthan-average combined-group preflight factors ment.oned by p.lots were 
	-

	• storms 83% 
	• storms 83% 
	• .ce 48% 
	• cloud ce.l.ng 46% • v.s.b.l.ty 57% • w.nd 52% 

	In the same row, farther to the r.ght, above-average combined-group in-flight factors ment.oned were 
	• storms 81% 
	• storms 81% 
	• .ce 42% 
	• cloud ce.l.ng 41% • v.s.b.l.ty 49% 

	Th.s gave us a rough .dea of what factors seemed to mentally dom.natethe averagep.lot overtheent.relength of a fl.ght, namely storms, .ce, ce.l.ng, and v.s.b.l.ty. 
	A br.ef note about snow: S.nce the .nterv.ews were conducted.nthesummer,.t.sperfectly naturaltowonder .f the relat.vely low numbers for snow were merely due to the current a.r temperature. If we had .nterv.ewed dur.ng the w.nter, would snowhaverece.vedh.gherpr.or.ty?The honest answer .s that we s.mply do not know. There .s a modest val.d.ty crosscheck .n the fact that p.lots d.d emphas.ze .c.ng. However, .c.ng can occur nearly year-round, espec.ally carburetor .c.ng (and the p.lots rarely d.st.ngu.shed betw
	Theme 2: IR versus non-IR flying. Because .nstrumentrated (IR) p.lots are tra.ned to fly .n a d.fferent phys.cal env.ronment from non-IR p.lots, .t made sense to spl.t Table 1 .n half on th.s bas.s. The two add.t.onal rows labeled “Non-IR” and “IR” also use boldface and gray to h.ghl.ght s.gn.ficantly above-average cells (p < .05). 
	-

	The patterns that emerged for the two groups looked fa.rly cons.stent and j.bed w.th pract.cal exper.ence. Storms, .ce, ce.l.ng, and v.s.b.l.ty are log.cally both common and potent.ally dangerous to all p.lots at all phases of fl.ght. 
	So how d.d IR p.lots’ fly.ng d.ffer from non-IR? The “(Non-IR) – IR” row shows percentage differences between 
	So how d.d IR p.lots’ fly.ng d.ffer from non-IR? The “(Non-IR) – IR” row shows percentage differences between 
	the two groups.S.gn.ficant d.fferences (greater than 20 po.nts, p < .02) emerged for 
	3 


	• Prefl.ght .ce 
	• Prefl.ght .ce 
	• Prefl.ght .ce 
	• Prefl.ght .ce 
	-32% 

	• In-fl.ght .ce 
	• In-fl.ght .ce 
	-28% 

	• In-fl.ght storms 
	• In-fl.ght storms 
	-21% 

	• In-fl.ght v.s.b.l.ty 
	• In-fl.ght v.s.b.l.ty 
	+24% 


	Negat.ve numbers (less than zero) meant the factor was b.gger to IR p.lots. Numbers greater than zero meant the factor was b.gger to non-IR p.lots. 
	Aga.n, th.s j.bed w.th exper.ence. Non-IR p.lots must avo.d .n-fl.ght restr.ct.ons to v.s.b.l.ty, wh.le th.s .s much less an .ssue w.th IR p.lots. 
	Stepp.ng back to get the b.g p.cture, .t was easy to see that .nstrument fl.ght rules (IFR) fl.ght has a lot more bu.lt-.n amb.gu.t.es than v.sual fl.ght rules (VFR) fl.ght. F.rst, IR p.lots should (and d.d) talk more about prefl.ght and .n-fl.ght .ce because .ce would not automat.cally preclude fly.ng, whereas .t usually would for non-IR p.lots. Second, .n-fl.ght storms should (and d.d) el.c.t more responses from IR p.lots because they would certa.nly be more l.kely to fly near (and, somet.mes, .nto) weath
	-

	Th.rd, w.nd and turbulence loomed larger for everyone dur.ng prefl.ght than .n-fl.ght. That m.ght seem counter.ntu.t.ve. But .t may s.mply have been a techn.cal.ty. The term “.n-fl.ght” does not techn.cally .nclude the land.ng phase,whereas prefl.ght plann.ngalways.ncludes all phases of fl.ght, .nclud.ng land.ng, when w.nd and turbulence are most l.kely to be hazardous. 
	-

	Tosummar.ze,.n somewaystheenv.ronmentalcontext, tra.n.ng,andequ.pmentused.n.nstrumentmeteorolog.cal cond.t.ons(IMC).squ.ted.fferentfromv.sualmeteorolog.cal cond.t.ons (VMC). The bas.c hazards are the same but vary ma.nly .n .ntens.ty and frequency of encounter. 
	-

	Theme 3: Social and economic pressure. P.lots often c.te soc.al and econom.c pressures as reasons for tak.ng chances they would not otherw.se take. For example, Rhoda and Pawlak (1999) found that commerc.al a.rl.ne p.lots were more l.kely to penetrate storms .n term.nal a.rspace when follow.ng another a.rcraft. In one sense, prox.mal p.lots form a “soc.ety” where one member .nfluences the r.sktak.ng of others. 
	-

	Here, at least 48 p.lots reported external soc.al or bus.ness-related pressures to fly .n marg.nal weather. So, .n an .nformal sense, pressure certa.nly was a theme. 
	-

	Soc.al psycholog.cal theory elaborates th.s .dea of “pressures” .nto better-defined and more measurable processes such as soc.al fac.l.tat.on, d.ffus.on of respons.b.l.ty, soc.al assessment of r.sk, and obed.ence to author.ty. So d.d these p.lots report any .nfluence of these processes? 
	-


	Task difficulty 
	Task difficulty 


	Simple Hard 
	Simple Hard 
	Simple Hard 

	Yes Audience present No 
	+ 
	+ 
	+ 
	+ 
	-

	-
	-
	+ 



	Figure 1. The 2x2 matrix of possibilities for task 
	performance as defined by social facilitation 
	theory. “+” means task performance is enhanced, 
	“-” means it is degraded. 
	Honestly, there was l.ttle d.rect ev.dence here for d.ffus.on of respons.b.l.ty and soc.al assessment of r.sk. Wh.le we cannot rule them out, we cannot find support, e.ther. However, the reports of “pressure” were poss.bly cons.stent w.th soc.al fac.l.tat.on and/or obed.ence to author.ty. 
	Soc.alfac.l.tat.ondescr.bes theeffectofan aud.enceon taskperformance(Zajonc,1965).Desp.te.tsname,soc.al fac.l.tat.on .s not fac.le. For one th.ng, “fac.l.tat.on” can be pos.t.ve or negat.ve. For another, outcomes depend on s.tuat.onal factors, for .nstance, task d.fficulty (F.gure 1). For example, exper.enced runners tend to run faster .n a group than when alone (the “S.mple/Yes” cell). However, complex math problems are eas.er to solve when we are by ourselves (the “Hard/No” cell). 
	Does th.s theory apply to weather-related r.sk-tak.ng? Recallthatthesep.lotswerepredom.natelye.therstudents or fl.ght .nstructors. If students sa.d they felt pressure to exped.te tra.n.ng, that pressure m.ght be caused by soc.al fac.l.tat.on. 
	However, one fact argues aga.nst the soc.al fac.l.tat.on hypothes.s and that .s the theory .tself. Weather fly.ng .s a d.fficulttask.Therefore,as F.gure1shows, thepresenceof the.nstructor.nthecockp.tshouldhave.nh.b.tedstudent w.ll.ngness to fly .n bad weather, not fac.l.tated .t. 
	An alternate, s.mpler econom.c explanat.on m.ght be more plaus.ble, namely that fl.ght tra.n.ng .s expens.ve and students wanted to get through .t as fast as poss.ble. 
	After all, many fl.ght schools charge by the hour. Plus, t.me spent tra.n.ng .s t.me away from earn.ng money, so school carr.es a double .ncent.ve to fin.sh fast. 
	Now what about .nstructors? Instructors reported occas.onal pressure from both the.r employers and students to fly .n marg.nal weather. Wh.le th.s m.ght be soc.al fac.l.tat.on,themore stra.ghtforwardanswerwouldaga.n be econom.c. Students probably exert pressure because they are try.ng to fin.sh fast. Employers probably exert pressure, partly .n response to student pressure and partly becausethefastera schoolmovesstudentsalong,the more money .t can make. 
	-

	F.nally, there was one more alternate soc.al hypothes.s to cons.der here, namely obed.ence to author.ty. In h.s class.c exper.ment, M.lgram (2004/1974) demonstrated that otherw.se-normal people would adm.n.ster supposedlylethalelectr.calshockstostrangersoncommandfrom an author.ty figure. If some people would do anyth.ng that extreme, m.ght they poss.bly also dally a b.t w.th bad weather, .f pressured .nto .t? 
	-

	Now,anemployer.sdefin.telyanauthor.tyfigure.But, as any teacher w.ll confirm, so .s the modern student. Th.s reflects the .ncreas.ng tendency for schools to follow a bus.ness model where teachers have to treat students as customers (Armstrong, 2003). And, as we all know, the customer .s always r.ght. 
	The presence of passengers .s another common soc.al s.tuat.on that could arguably .nfluence r.sk-tak.ng. However, the .nfluence could conce.vably go both ways. On the one hand, passengers can be a source of pressure to start or cont.nue a fl.ght .nto bad weather. On the other hand, s.nce r.sk depends on what we stand to lose, the more l.ves that stand to be lost (and the closer they are to us) the greater the r.sk should be. 
	-

	Table 2 was based on two .nterv.ew quest.ons, “Does hav.ng non-family (Q36, or) family (Q37) passengers affect your w.ll.ngness to fly .n bad weather?” 
	Here,mostp.lotsbas.callysa.d“no.”Wh.lethereported concern for fam.ly passengers was s.gn.ficantly greater (Χ= 32.4 (3), p < .00001), only 33% ((27+29+18)/221) reported more than “a l.ttle b.t” of concern over hav.ng non-fam.ly passengers, as compared to 47% for fam.ly passengers. 
	2 

	Beyond the palpable conclus.on that fam.ly trumps non-fam.ly, these results were hard to .nterpret. Could 
	Table 2. Influence of passengers (response frequencies) 
	"not at all" or "a little bit" 
	"not at all" or "a little bit" 
	"not at all" or "a little bit" 
	"somewhat" 
	"quite a bit" 
	"an extreme amount" 

	Q36 passengers are not family 
	Q36 passengers are not family 

	147 
	147 
	27 
	29 
	18 

	118 
	118 
	27 
	37 
	39 

	Q37 passengers are family (N = 221, both questions) 
	Q37 passengers are family (N = 221, both questions) 


	the major.ty of passengers be qu.te so persuas.ve? Or could the major.ty of p.lots bel.eve .n the.r own sk.ll and luck so profoundly that hav.ng others on board added absolutely noth.ng to the.r percept.on of r.sk? 
	Both those conclus.ons are absurd. What .s more bel.evable .s that mult.ple mot.vat.ons are confounded here, some fac.l.tat.ve, some .nh.b.tory. And the net effect that any g.ven passenger must have on a p.lot’s w.ll.ngnesstotakeweather-relatedr.sksprobablydepends on the spec.fic p.lot plus the spec.fic passenger plus the spec.fic c.rcumstances. A boss pressur.ng you to get to a meet.ng on t.me .s d.fferent from tak.ng your ch.ldhood fr.end out to pract.ce touch-and-goes. Ind.v.duals matter, relat.onsh.ps m
	-

	To wrap th.s up, both soc.al and econom.c c.rcumstances can obv.ously .nfluence weather-related behav.or. But there .s a lot more to .t than meets the eye. F.rst, some factorsmay.ncreaser.sk-tak.ng,othersdecrease.t.Second, s.tuat.onal deta.ls matter, and broad quest.ons such as the ones asked here w.ll not tease apart all the causal .ntr.cac.es. Example: Quest.on 17h was worded “Have soc.al or bus.ness pressures ever .nfluenced your GA go/no-go weather dec.s.on?” Wh.le not a terr.ble quest.on, future .nterv
	-
	-

	Theme 4: Pilot physiological state. Factors such as fat.gue,hypox.a,andspat.ald.sor.entat.onaffectweatherrelated dec.s.on mak.ng (Taneja, 2002). Interv.ew t.me constra.nts prevented full explorat.on of all these factors, but we d.d sample d.sor.entat.on. When asked, “How many t.mes have you become so d.sor.ented that you had to land or call ATC for ass.stance .n determ.n.ng your locat.on?”,22p.lotsresponded(Q31,average1.1ep.sodes per p.lot). Add.t.onally, when asked, “How many t.mes have you become so d.sor
	-

	G.venhowrelat.velylow-hourmostofthesep.lotswere, these numbers were surpr.s.ngly h.gh. Fortunately, of p.lotswhoadm.ttedtod.sor.entat.on, only32%responded to both quest.ons. Put another way, up to two-th.rds of those who d.d exper.ence ser.ous d.sor.entat.on may have undergone one-tr.al learn.ng. Powerful exper.ences tend to have that effect. 
	-

	Of course, the nagg.ng facts rema.ned that (a) about 20% of mostly low-hour p.lots reported gett.ng ser.ously d.sor.entedatleastonceand(b)therearemorephys.olog.cal effects than just d.sor.entat.on. It seems that ser.ous phys.olog.cal d.srupt.ons may be more common than we 
	Of course, the nagg.ng facts rema.ned that (a) about 20% of mostly low-hour p.lots reported gett.ng ser.ously d.sor.entedatleastonceand(b)therearemorephys.olog.cal effects than just d.sor.entat.on. It seems that ser.ous phys.olog.cal d.srupt.ons may be more common than we 
	-

	thought. Moreover, these people, even .f they d.d learn effect.vely, learned the hard and dangerous way. And the handful who went through the exper.ence more than once may const.tute a target group .n need of tra.n.ng or .ntervent.on. 

	Theme 5: Impulsivity. Nearly every adult acts .mpuls.vely at least once .n the.r adult l.fe. P.lots are spec.fically tra.ned to m.n.m.ze .mpuls.ve behav.or. Do they? 
	Theme 5: Impulsivity. Nearly every adult acts .mpuls.vely at least once .n the.r adult l.fe. P.lots are spec.fically tra.ned to m.n.m.ze .mpuls.ve behav.or. Do they? 
	-

	Fortunately for th.s analys.s, more than a few p.lots felt comfortable enough to adm.t to var.ous k.nds of .mpuls.ve or acc.dental rule-break.ng behav.ors such as tak.ng off w.th no weather plann.ng at all (Q17g, 40 affirmat.ve responses) or fly.ng .nto IMC w.thout proper rat.ng or a.rcraft (Q32, 35 affirmat.ves). 
	-

	Th.s .s ev.dence we should conservat.vely call “un.ntent.onal .mpuls.v.ty” because none of the quest.ons overtly asked about .ntent.ons (real.st.cally, how many p.lots would have adm.tted, .n wr.t.ng, to an FAA offic.al, that they had .ntent.onally broken any rule?) 
	-

	So, these answers d.d show that p.lots do act on .m-pulse once .n a blue moon. Wh.le the vast major.ty of th.s behav.or obv.ously d.d not result .n ser.ous consequences .n the sense of hav.ng hurt someone, the potent.al ser.ousness was .mposs.ble to gauge because the sample was b.ased. It conta.ned no one who had ever been k.lled as a result of .mpuls.ve behav.or. If such p.lots could talk, they m.ght judge .mpuls.v.ty far more harshly than e.ther we or these p.lots d.d. 
	-


	Inductive (bottom-up, emergent) themes 
	Inductive (bottom-up, emergent) themes 
	Inductive (bottom-up, emergent) themes 
	Induct.on .s the oppos.te of deduct.on. In exam.n.ng the data, patterns and themes emerge, .nduced by the ev.dence. 
	Theme 6: The uncertainty of weather. A strong theme gradually mater.al.zed after mult.ple rev.ews of the data. It started w.th the broad .dea of uncertainty. P.lots made at least 30 general and 21 spec.fic remarks concern.ng the uncerta.nty of weather. So how could th.s effect of uncerta.nty be best understood? 
	There are at least four ma.n .nfluences that dr.ve the uncerta.nty of weather pred.ct.on 
	• 
	• 
	• 
	Weather .s chaot.c 

	• 
	• 
	Most of us have d.ff.culty understand.ng probab.l.t.es 
	-


	• 
	• 
	Weather forecasts are b.ased towards false alarms 

	• 
	• 
	Weather r.sk .ncreases w.th fl.ght length 


	F.rst, weather truly .s hard to pred.ct. Compared to s.mple, orderly probab.l.st.c systems l.ke cards or d.ce, the earth’s surface, oceans, and atmosphere form a complex, chaot.c system .n the str.ctest mathemat.cal 

	sense (Gle.ck, 1987). The mathemat.cal models that forecasters use to make pred.ct.ons are, by defin.t.on, s.mpl.ficat.ons wh.ch conta.n error. Over t.me, th.s error gets ampl.fied and, .nev.tably, the forecast becomes less and less accurate. Anyth.ng over 24 hours .s l.terally a “long t.me” .n forecast.ng. 
	Second, est.mat.ng and understand.ng probab.l.t.es .s someth.ng most of us are not terr.bly good at, part.cularly w.th rare events. Kahneman, Slov.c, and Tversky (1982) and many others have shown that people often underest.mate the occurrence of l.kely events that happen to be commonplace wh.le overest.mat.ng the occurrence of much less l.kely events that merely happen to be more dramat.c.Thechanceofbe.ngk.lledbyl.ghtn.ng.sagood example. Many of us would th.nk th.s .s fa.rly common, yet l.ghtn.ng cla.ms jus
	-

	Ath.rdfactordr.v.ngtheuncerta.ntyofweatherpred.ct.on .s the fact that weather forecasts are b.ased towards false alarms. From a stat.c observer-centered po.nt of v.ew—the po.nt of v.ew of any g.ven observer stand.ng st.ll on the ground—weather forecasts tend to overpred.ct the chance of bad weather. Th.s .s a rather obscure mathemat.cal art.fact wh.ch requ.res some explanat.on. 
	-
	-

	Bad weather .s someth.ng we want to detect. It .s a “s.gnal” bur.ed .n “probab.l.ty no.se.” Th.s lets us draw the four outcomes defined by s.gnal detect.on theory (F.gure 2). 
	A“falsealarm” happenswhenbadweather .spred.cted, but the actual weather turns out good (or at least better 


	Actual weather Bad Good 
	Actual weather Bad Good 
	Actual weather Bad Good 

	Bad Predicted weather Good 


	FALSE 
	FALSE 
	FALSE 
	HIT 


	ALARM CORRECT 
	ALARM CORRECT 
	ALARM CORRECT 
	MISS 
	MISS 
	REJECTION 


	Figure 2. The 2x2 matrix of possibilities for weather prediction, as defined by signal detection theory. 
	than pred.cted). A “m.ss” .s when good weather .s pred.cted, but the actual weather turns out bad (or at least worse than pred.cted). 
	-

	M.sses and false alarms are our two types of m.stakes. Too many of e.ther and we start m.strust.ng the weather forecast. 
	Weather forecasters do not want us to m.strust the forecast. But they also know that people d.sl.ke be.ng surpr.sed by unexpected bad weather far more than they do be.ng surpr.sed by unexpected good weather. So, forecasts are typ.cally conservat.ve and effect.vely overpred.ct bad weather. In fact, when the forecast says “20% chance of ra.n,” all .t really means .s that, w.th.n a rather large, pre-spec.fied geograph.cal area dur.ng a pre-spec.fied t.me per.od, there .s a 20% chance of at least .01 .nches of 
	Th.s way of defin.ng bad weather automat.cally leads to l.kel.hood overest.mat.on. The eas.est way to understand .s to th.nk of weather as a shotgun. If you shoot at a cereal box 100 yards away, you may have a 20% chance of h.tt.ng .t. But the chance of h.tt.ng a flea on top of that box .s much smaller. Smaller s.ze—less chance of gett.ng h.t. Now, just .mag.ne you are the “flea” and the “cereal box” .s the s.ze of Connect.cut. The .dea .s that weather probab.l.t.es apply to large geograph.c reg.ons, not to
	-

	Unfortunately, th.s b.as has a great effect on av.at.on. G.ven th.s bu.lt-.n tendency for false alarms, p.lots start expectingtheactualweathertobelessseverethanpred.cted. And then, l.ke the boy who cr.ed “Wolf,” along comes a t.me when the actual weather turns out far worse than pred.cted. G.ven enough t.me, th.s .s stat.st.cally almost certa.n to happen. 
	Thefourth.nfluencedr.v.ngtheuncerta.ntyofweather pred.ct.on .s yet another stat.st.cal qu.rk, one b.ased .n the oppos.te d.rect.on to the one just d.scussed. Longer fl.ghtsusually.nvolvemorebadweatherthanshortfl.ghts. The reason .s based .n stat.st.cal mechan.cs (Knecht, 2000) but .s easy to understand: The farther you fly, the more a.rspace you plow through. The more a.rspace you plow through, the more chance you have of runn.ng .nto bad weather somewhere. It .s l.ke walk.ng through a m.nefield. The farthe
	So, to summar.ze, uncerta.nty .s rampant .n weather forecast.ng. F.rst, weather .s chaot.c, hence, truly hard to pred.ct. Second, we .nnately tend to overest.mate the l.kel.hoods of some events wh.le underest.mat.ng others. Th.rd, weather forecasts are b.ased to overpred.ct bad 
	weather for stat.onary observers. F.nally, an oppos.te b.as also occurs: that longer fl.ghts run greater weather r.sk. W.th so many deep and contrad.ctory forces at work, .s .t any wonder why weather confuses us? 
	Fortunately, many of the p.lots we .nterv.ewed openly acknowledgedth.s.ssueofuncerta.nty.Atleast86expl.c.t references were made to spec.fics such as “expect.ng the unexpected” and of hav.ng precons.dered opt.ons such as d.vert.ng to alternate a.rports or dr.v.ng .nstead of fly.ng. Th.s showed an apprec.at.on of the underly.ng problem and a healthy evolut.on of strateg.es to combat .t. 
	Sponsor-driven questions 
	Sponsor-driven questions 
	Th.sworkwaspart.allytaskedtoaddressanadd.t.onal, sponsor-dr.ven quest.on, namely: 
	Theme 7: To what extent do mission goals influence weather analysis and decision making? Unfortunately, there was l.ttle ev.dence .n th.s study to .llum.nate that theme beyond d.scuss.on of Theme 3. S.nce the current .nterv.ew quest.ons spec.fied ne.ther a range of weather nor of m.ss.ons, .t was no surpr.se that m.ss.on goals d.d not come up spontaneously as a theme. 
	Fortunately, the bas.c quest.on was addressed by pr.or work. In unpubl.shed data gathered by Knecht, Harr.s, and Shappell (2005), 105 GA p.lots were asked about the.rw.ll.ngnesstofly .nass.gnedv.s.b.l.t.esrang.ngfrom 1-5 sm and ce.l.ngs of 1000-2000’. One debr.ef quest.on was, “If your fl.ght m.ss.on had been cr.t.cal (for example, del.ver.ng a human heart for surgery), how much would that change your w.ll.ngness to take off/cont.nue?” 
	G.ven that hypothet.cal s.tuat.on, v.rtually everyone .nd.cated a strong w.ll.ngness to fly .n the v.s.b.l.ty/ce.l.ng comb.nat.on to wh.ch they had been ass.gned. Th.s was part.cularly str.k.ng, g.ven that many had actually chosen not to fly, even when offered $200 to do exactly that. Now, wh.le respondents adm.ttedly may have been merelytry.ngtocastthemselves.nagoodl.ght,thechances are good that these answers really d.d reflect a genu.ne, altru.st.c human concern for fellow c.t.zens. 
	-

	If so, then th.s addresses the .nfluence of fl.ght m.ss.on. G.ven an extremely cr.t.cal m.ss.on, nearly all p.lots w.ll fly .nto some fa.rly bad weather. Conversely, g.ven severe weather coupled w.th an un.mportant m.ss.on, nearly no one w.ll. 
	-

	That defines two ends of a cont.nuum. But remember that th.s .s a mult.d.mens.onal dec.s.on landscape w.th many poss.ble weather character.st.cs and m.ss.on character.st.cs. As .s usual .n such cases, deta.ls are cr.t.cal, and every scenar.o ends up hav.ng to be exam.ned separately. 
	-
	-



	DISCUSSION AND CONCLUSIONS 
	DISCUSSION AND CONCLUSIONS 
	DISCUSSION AND CONCLUSIONS 
	Th.s research was the second .n a two-part ser.es. Part I looked at quant.tat.ve data from 221 GA p.lot .nterv.ews, categor.z.ng the types of weather .nformat.on p.lots could use versus the ones they say they do use (Knecht, 2008). 
	-

	Here .n Part II, the emphas.s was qual.tat.ve. Us.ng the same data set, we looked for further ev.dence of weather-related factors that .nfluence p.lot dec.s.on mak.ng and wh.ch were e.ther log.cally deduc.ble facts or wh.ch could be arr.ved at .nduct.vely by scor.ng and tally.ng p.lots’ free-response .tems. The underly.ng goal was hypothes.sgenerat.on for poss.ble future explorat.on. 
	-

	The follow.ng factors were fa.rly strongly supported: 
	-

	1. “Short l.st” of weather types uppermost .n p.lots’ m.nds 
	a. 
	a. 
	a. 
	storms 

	b. 
	b. 
	.ce 

	c. 
	c. 
	deter.orat.ng v.s.b.l.ty 

	d. 
	d. 
	lower.ng cloud ce.l.ngs 


	2. Spec.fic p.lot factors .nfluenc.ng the “short l.st” 
	a. 
	a. 
	a. 
	.nstrument rat.ng 

	b. 
	b. 
	exper.ence w.th weather 


	3. 
	3. 
	3. 
	Spat.al d.sor.entat.on 

	4. 
	4. 
	4. 
	Uncerta.nty 

	a. 
	a. 
	a. 
	forecast accuracy decreases as lookahead t.me .ncreases 

	b. 
	b. 
	forecastprobab.l.t.esaregreatlym.sunderstood by most people 

	c. 
	c. 
	forecasts rout.nely overpred.ct bad weather for stat.onary observers 

	d. 
	d. 
	weather r.sk .ncreases as fl.ght length .ncreases 
	-





	The follow.ng factors found modest support: 
	5. 
	5. 
	5. 
	Soc.al and econom.c pressures can .ncrease r.sktak.ng 
	-


	6. 
	6. 
	Str.ctly .mpuls.ve behav.or .s rare but does ex.st 


	F.nally, there was narrowly focused (but fa.rly strong) support found .n prev.ously unpubl.shed data for the .nfluence of: 
	7. m.ss.on goals 
	Factors 1 and 2 rece.ve extens.ve intellectual tra.n.ng .n GA fl.ght tra.n.ng. But one .mportant th.ng new p.lots typ.cally lack .s the “fear factor” wh.ch can only be learned from the physical and emotional exper.ence of storms, .ce, and .nadequate v.s.b.l.ty. 

	Factor 3 concepts are also covered .n fl.ght tra.n.ng. But, aga.n, unless p.lots have spent t.me .n spec.al full-mot.on d.sor.entat.on tra.n.ng s.mulators, phys.olog.cal effects w.ll probably end up be.ng learned the “old-fash.oned” way. 
	-
	-

	MostofFactor4rece.vesl.ttleemphas.s.Wew.llreturn to .t .n a moment. 
	Factor 5 .s one everybody acknowledges but nobody does much about because .t .s about psychology, not str.ctly about p.lot tra.n.ng. To res.st soc.al and econom.c pressures takes knowledge, w.sdom, and character as p.lot-.n-command. Fl.ght schools cannot teach w.sdom. That .s a l.felong process. But they can offer gu.dance, encourage p.lots to develop personal m.n.ma, and share personal accounts of weather encounters, both the.r own and those of p.lots they know. Personal.zat.on can help make the abstract m
	-
	-

	Factor 6 .s the reason there are few “old, bold p.lots.” Impuls.v.tycatchesupw.ththem.Impuls.v.ty.sav.at.on’s crabgrass—we can control .t but can never completely get r.d of .t. Our culture values dar.ng behav.or. Fly.ng .s synonymousw.thdar.ng.Sohowdowehonorourculture and st.ll teach the d.sc.ple that d.scret.on .s usually the better part of valor? Maybe the answer .s to teach that there .s no honor .n unnecessary r.sk. 
	L.ttle d.rect support was found for Factor 7 .n these data (although .t was .n other, unpubl.shed data). G.ven the r.ght m.ss.on, p.lots w.ll take on cons.derable r.sk. But the relat.on .s complex and the deta.ls of the m.ss.on and the weather both matter. 
	Most of these factors are well-known and our red.scovery of them far from ground-break.ng. But they are real, and our focus on them has to rema.n relentless. 
	-

	Factor 4 .s perhaps the most .ntr.gu.ng and novel part of th.s report. We all know weather .s uncerta.n, but we rarely s.t down and th.nk exactly why .t .s uncerta.n and why .t .s that the human m.nd has such d.fficulty w.th th.s part.cular style of uncerta.nty. 
	The uncerta.nty of weather starts w.th the phys.cal world. Weather .s complex and chaot.c .n the true mathemat.cal sense—.mposs.ble to fully model, .mposs.ble to fully pred.ct. That leaves probab.l.ty as the best we can do to express how weather behaves. 
	-

	Probab.l.t.es segue .nto psychology. By nature, the human m.nd hates uncerta.nty. The greater the uncerta.nty, the more uncomfortable we are w.th .t. Th.s d.scomfort .s deep-rooted, genet.c, and probably related to surv.val of the spec.es. We seem to have b.ases. We overest.mate some odds and underest.mate others. Why? Because, .n 
	Probab.l.t.es segue .nto psychology. By nature, the human m.nd hates uncerta.nty. The greater the uncerta.nty, the more uncomfortable we are w.th .t. Th.s d.scomfort .s deep-rooted, genet.c, and probably related to surv.val of the spec.es. We seem to have b.ases. We overest.mate some odds and underest.mate others. Why? Because, .n 
	-

	the st.ll of the n.ght, there may be t.gers. And, those of ourancestorsb.asedtoworryal.ttletoomuchaboutt.gers may have ended up l.v.ng longer than those who worr.ed too l.ttle. So, these mental b.ases may be the remnants of tendenc.es that, under more pr.m.t.ve c.rcumstances, conveyed surv.val advantage. But, here .n the modern world, a s.de effect .s that we overest.mate the average sever.ty of weather forecasts. 

	Intu.t.on tells us that bad weather .s less l.kely to happen than the forecast says—if you stand .n one spot. Now, stat.st.cal mechan.cs shows that .ntu.t.on was r.ght. 
	-

	F.nally, as .f all th.s were not enough, we now know that the oppos.te .s true, too, prov.ded we are not stand.ng .n one spot. The farther we fly, the more adverse weather we’re l.kely to encounter. 
	We now have a clearer understand.ng of why weather forecast.ng .s .nherently problemat.c and w.ll never be tr.v.al. Th.s .s no cause for alarm or d.scouragement, but p.lots do need to come to the same k.nd of clear understand.ng. Exactly how to do that w.ll occupy us for some t.me to come. 
	Suggestions for further study and/or intervention 
	Suggestions for further study and/or intervention 
	Uncerta.nty .s the p.lot’s greatest enemy. What we know and know of, we can e.ther cope w.th or avo.d. F.ve healthy, pos.t.ve weather-related responses are: 
	1. 
	1. 
	1. 
	Use and understand the modern weather products. 

	2. 
	2. 
	Expect the unexpected. 

	3. 
	3. 
	Always have mult.ple, workable opt.ons thought out ahead of t.me. 

	4. 
	4. 
	Do not wa.t to learn about weather the hard way. 

	5. 
	5. 
	There .s no honor .n unnecessary r.sk. 


	We can teach weather sk.lls. The ut.l.ty of low-cost, PC-based weather tra.n.ng comes to m.nd, as well as low-cost cockp.t weather .nformat.on dev.ces (and we need to stress that the Fl.ght Serv.ce Stat.on .s the lowest-cost “dev.ce” of all). 
	Ult.mately, we need even more rel.able, more effect.ve weather forecasts. In the meant.me, p.lots need to seek out the excellent prefl.ght preparat.on products already .n place (e.g., ). P.lots need to understand clearly what those mean and how to use them. R.ght now, these weather prov.ders are new, and we are all st.ll learn.ng how to make the most of them. Fam.l.ar.ty and understand.ng w.ll spontaneously .ncrease w.th use, so that aspect .s self-correct.ng. In the meant.me, human factors study of the gra
	-
	www.av.at.onweather.gov



	ENDNOTES 
	ENDNOTES 
	ENDNOTES 

	To understand Table 1, first not.ce the h.ghl.ghted “Total” on the left-hand s.de. Now follow the percentage of p.lots who ment.oned weather factors .n that row. 
	1

	Total 83 5 7 48 5 46 57 52 
	Total 83 5 7 48 5 46 57 52 

	Each number represents the percentage of p.lots who “voted” for that weather factor by ment.on.ng .t .n the.r .nterv.ew. Each cell percentage was calculated as 
	# of pilots who mentioned this factor at least once total # pilots (N=221) 
	# of pilots who mentioned this factor at least once total # pilots (N=221) 

	If a p.lot ment.oned a g.ven factor more than once, .t st.ll only counted as one “vote.” Therefore, the smallest percentage a g.ven factor could get was 0% and the largest, 100%. Not.ce that rows do not add up to 100%. We do not expect them to, because each factor was separate and based on .ts own separate tally of votes. 
	-

	The row at left labeled “Total” cons.dered .nstrumentrated and non-.nstrument-rated p.lots together as a total group. H.gher-than-average percentages (h.ghl.ghted, bold) that emerged as preflight factors were storms (83%), .ce (48%), cloud ce.l.ng (46%), v.s.b.l.ty (57%), and w.nd (52%). 
	-

	In the same row, farther to the r.ght, s.m.lar numbers emergedforin-flightfactors—onessupposedly.nfluenc.ng p.lots’ go/no-go weather dec.s.ons wh.le .n-fl.ght. 
	11 81 5 4 42 5 41 49 38 
	11 81 5 4 42 5 41 49 38 

	Here, h.gher-than-average percentages emerg.ng as in-flight factors were storms (81%), .ce (42%), cloud ce.l.ng (41%), and v.s.b.l.ty (49%). 
	Instrument fly.ng .s d.fferent from VFR fl.ght, so we sorted p.lots by .nstrument rat.ng. These percentages form the two rows labeled (at left) “Non-IR” and “IR.” In these two rows, h.ghl.ght.ng and boldface aga.n mark the most frequently ment.oned factors. 
	The l.m.tat.ons of Table 1 must be expla.ned. Overall, what we were try.ng to do was get a sense of wh.ch weather factors were most .mportant to p.lots. S.nce each cell represented the percentage of p.lots who ment.oned a part.cular factor at least once dur.ng the.r .nterv.ew, we assumed that the more p.lots who ment.oned that factor, the more .mportant the factor was l.kely to be .n the.r dec.s.on mak.ng. Thus, the h.gher numbers probably reflected the more .mportant weather factors. The quest.on then beca
	-
	-

	The first step was to compare each cell .n a row w.th .tscorrespond.ngrowmean.Th.swoulddeterm.newh.ch weather factors were above average. To establ.sh rel.ab.l.ty, .n each of the “Total,” “non-IR,” and “IR” rows, a standard error of proport.on (SEM) was calculated to est.mate the stab.l.ty of that row mean (Ferguson, 1971, ch. 12). Then, each .nd.v.dual cell score was evaluated aga.nst (row mean + 1.65 SEM , ≈ “p < .05,” 1-ta.led). Note that th.s .s not the same as find.ng “the upper 5% of cell values.” It 
	The first step was to compare each cell .n a row w.th .tscorrespond.ngrowmean.Th.swoulddeterm.newh.ch weather factors were above average. To establ.sh rel.ab.l.ty, .n each of the “Total,” “non-IR,” and “IR” rows, a standard error of proport.on (SEM) was calculated to est.mate the stab.l.ty of that row mean (Ferguson, 1971, ch. 12). Then, each .nd.v.dual cell score was evaluated aga.nst (row mean + 1.65 SEM , ≈ “p < .05,” 1-ta.led). Note that th.s .s not the same as find.ng “the upper 5% of cell values.” It 
	-
	row
	r
	-
	-

	The second th.ng we wanted to do was compare non.nstrument-rated p.lots w.th .nstrument-rated p.lots to see wh.ch weather factors seemed more .mportant to wh.ch group. Th.s method was cons.derably more prec.se. It .nvolved compar.ng cells by column, between “Non-IR” and “IR” for each weather factor. To do that, a separate SEM was calculated for each “(Non-IR) 
	-

	column 
	– IR” d.fference score (because SEM .s a funct.on of both proport.ons), and that was used to do z-tests (Ferguson, 1971, ch. 12). In th.s case, we elected to use a much more str.ngent cr.ter.on for rel.ab.l.ty, p < .02, 2-ta.led, to correct for mult.ple compar.sons. 
	Tosummar.ze,thepr.maryl.m.tat.onherewasthatthe method was extremely lax about the “row conclus.ons,” wh.lebe.ngmoderatelystr.ctabout“columnconclus.ons.” Therefore, the reader .s strongly caut.oned to keep th.s .n m.nd, as appropr.ate to the c.rcumstance. 
	InTable1(andthroughoutth.sreport),mostnumbers presented are not necessar.ly stat.st.cally s.gn.ficant. Th.s .nvolves a techn.cal .ssue hav.ng to do w.th exper.mentw.se error. When many stat.st.cal results are reported .n one study, there .s a good chance that at least some of those “s.gn.ficant” results w.ll be false. However, .f one uses standard procedure to stat.st.cally correct for th.s (e.g., the Bonferron. correct.on), then one lands squarely .n terr.tory where nothing .s “s.gn.ficant.” Th.s .s one re
	2
	-

	At first glance, .t m.ght seem appropr.ate to do analys.s of var.ance (ANOVA) on these numbers. But many var.ables (e.g. ,storms, ra.n, ha.l) are correlated and, to an unknown degree, v.olat.ng the assumpt.ons of ANOVA and render.ng .t .nappropr.ate. 
	3
	-
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	APPENDIX A SME# Pilot Interview 
	APPENDIX A SME# Pilot Interview 
	1. 
	1. 
	1. 
	1. 
	Age____ 

	2. 
	2. 
	Gender (male __, female __) 


	3. 
	3. 
	Primary occupation ____________________________________________________________________ 

	4. 
	4. 
	4. 
	Other current occupation(s)____________________ 


	5. 
	5. 
	Past occupations(s) related to aviation______________________________________________________ 

	6. 
	6. 
	6. 
	Certificates and ratings (check each that applies) 


	7. 
	7. 
	7. 
	Type of flying you do (to the nearest 10 percent, for example, recreational ) recreational____ business____ corporate____ commercial____(these should add to 100%) 
	20%


	For questions below, “general aviation” (GA) means “any aircraft flying for hire.” 
	small 
	not 


	8. 
	8. 
	Your total GA flight hours (best guess) ___________ Total hours in last 90 days___________ 

	9. 
	9. 
	Do you own your own GA aircraft, either by yourself or as a member of a partnership? (Y / N) 

	10. 
	10. 
	Type(s) of GA aircraft usually flown:____________________________________________________ 

	11. 
	11. 
	Your normal personal minimum for GA VFR visibility ________ statute miles 

	12. 
	12. 
	Your normal personal minimum for GA VFR cloud ceiling ________ feet AGL For questions below, if you’re not a U.S. citizen, use “country” instead of “state” 

	13. 
	13. 
	Current home state (legal residence) _______________________ 

	14. 
	14. 
	Approximate percentage of time you’ve flown GA in your home state _____% versus outside your home state _____% (est.: add up to 100%) 

	15. 
	15. 
	State(s) where you received GA pilot training____________________________ 

	16. 
	16. 
	States where you’ve flown GA (put a check mark in each state name below) 


	Table
	TR
	Sport 
	Airplane Single-Engine 

	TR
	Recreational 
	Airplane Multiengine 

	TR
	Private 
	Rotorcraft 

	TR
	Commercial 
	Balloon 

	TR
	ATP 
	Airship 

	TR
	Instrument 
	Glider 

	TR
	Flight Instructor 
	Powered-Lift 


	If your flying has been largely 
	If your flying has been largely 
	outside of the USA, please list below the countries in which you regularly fly and the percentages 
	of time spent in each (estimates): 

	Figure
	Country 
	Country 
	Country 
	Country 
	% time 



	Sect
	Figure

	This is a study about how GA pilots use weather information. Please bear in mind these things: 
	This is a study about how GA pilots use weather information. Please bear in mind these things: 
	A. We already know the “textbook answers” for how pilots are supposed to use weather information. What we need to know is how real pilots are using real weather information in the real world. 
	B. Your responses are strictly anonymous and confidential. 
	C. In the next section we’ll refer to “cross-country flights.” That may mean different things to different people. So define “cross-country” as: 1) Non-local airport, far enough away that the weather could surprise you. 
	Figure
	Sect
	Figure

	D. “Bad” weather can also mean different things. So define it as: Weather serious enough to challenge your skill level and the aircraft’s capabilities. 
	Sect
	Figure
	Figure

	SECTION TWO: CROSS-COUNTRY, BAD WEATHER GA FLIGHT 
	17. This question will ask details about how you get a PREFLIGHT weather briefing for CROSS-COUNTRY, GA FLIGHT when you ANTICIPATE BAD WEATHER. Use the definitions of “cross country” and “bad weather” from above in forming your responses. 
	a. 
	a. 
	a. 
	When do you start planning such a flight? (for example, the day before, the morning of, etc.) 

	b. 
	b. 
	Where do you start researching the weather? (e.g., at home? At the airfield?) 

	TR
	(Below, a weather “product” is a single report like a METAR, TAF, ASOS, or AWOS. A “provider” is an organization like the FSS that bundles individual products together to give a comprehensive wx outlook) 

	c. 
	c. 
	List the main weather information provider(s) you consult. List the main products you use from each provider. What relative importance do you give to these products? (write “1” by the most important product, “2” by the second-most important product, etc. 


	d. 
	d. 
	d. 
	About how many minutes does usually it take to finalize your bad-weather GA plan?______ 

	e. 
	e. 
	List the major weather factors that would immediately trigger a no-go decision before takeoff. 

	f. 
	f. 
	What weather factors would lead you to divert a flight in progress? 

	g. 
	g. 
	Is there any time you anticipated bad weather but took off without planning for it? If so, describe it briefly. Remember—this is 100% anonymous, so do NOT name names of individuals involved. 


	h. 
	h. 
	h. 
	Have social or business pressures ever influenced your GA go/no-go weather decision? (For example, have you ever made a risky flight on a dare, or has a boss ever pressured you into flying against your better judgment?). If so, describe it, taking care not to name names. 

	i. 
	i. 
	In plain words, describe what goes through your mind in planning for bad-weather, cross-country GA flight. 

	j. 
	j. 
	Briefly, how does your good-weather planning differ from your bad-weather planning? 

	k. 
	k. 
	If there were one thing you’d like to see improved about weather information, what would it be? 


	(As before, a “” is a single report. A “” combines products to give a big picture) 
	SECTION 3: CROSS-COUNTRY, BAD-WEATHER INFO. SOURCES (IN-DEPTH REPORT) 
	product
	provider

	18. Evaluate the top 5 weather you use most to plan a flight. 
	preflight 
	providers 
	cross-country, bad-weather 

	a. : Using the 1-to-5 scale below, rank your providers (blank). 
	Rank
	ONLY 
	5 most-used 
	leave others 

	%: Estimate the percentage of cross-country, bad-wx flights you use each of these top 5 providers on. (NOTE: In 18c, 19c, and 20c, the percentages do NOT have to add up to 100%) Minutes: Estimate the average number of minutes spent on each of the 5 during bad-wx preflight. Rank Value Provider Format Details % of flights Minutes 1-5 1-5 used on spent Commercial vendor Internet Wx via internet, paid (Which site?__________________) Public NWS or NOAA site Internet Wx via internet, free (Site(s)? ______________
	b. c. d. 
	1 2345 most-used above average average below average least-used 
	Value: Using the 1-to-5 scale below, rate the information value of each of those top 5 choices. 
	1 2345 excellent above average average below average poor 
	19. 
	19. 
	19. 
	The same way you did in Q18, evaluate the top 8 preflight weather you use most in planning a cross-country, bad-wx flight. “Text” format means sources you read yourself or that are read to you. 
	products 


	20. 
	20. 
	The same way you did in Q18, evaluate the top 3 weather sources you use most during a cross-country, bad-weather flight (here, a “source” can either be a product or a provider). 
	en route 


	21. 
	21. 
	Are there reasons why the preflight and enroute sources you USE most aren’t the ones you VALUE most? If so, why? (For example, some of the graphic Internet products download slowly on a modem. Or some products may be unavailable. Or you might consider some too incomplete or unreliable). 

	22. 
	22. 
	What percentage of FSS briefers do you think are National Weather Service-certified? (best guess) _____ 

	23. 
	23. 
	23. 
	What percentage do you think are pilots? _____ 



	a. 
	a. 
	a. 
	Rank ONLY your 8 most-used products. Write “1” next to the source you use most, etc. 

	b. 
	b. 
	Rate the value each of these 8 using the 1-5 scale of Q18b, for its information value. 

	c. 
	c. 
	Estimate the percentage of cross-country, bad-wx flights during which you used each of the 8. 

	d. 
	d. 
	Estimate the average number of minutes spent on each of the 8 during bad-wx preflight. 


	Rank 
	Rank 
	Rank 
	Value 
	Product 
	Format 
	Details 
	% of flights 
	Minutes 

	1-8 
	1-8 
	1-5 
	used on 
	spent 

	TR
	AC 
	text 
	Severe Wx Outlook Narrative (2-day convective outlook) 

	TR
	AIRMET / SIGMET 
	text 
	Icing, turbulence, IFR, convective advisories, watches 

	TR
	ASOS 
	radio 
	Automated Surface Observing System 

	TR
	ATIS 
	radio 
	Automated Terminal Information Service 

	TR
	AWOS 
	radio 
	Automated Weather Observing System 

	TR
	charts, Air-or Surface-analysis 
	graphic 
	Constant-pressure (isobar) charts 

	TR
	charts, Convective outlook 
	graphic 
	48-hr forecast charts for T-storm activity 

	TR
	charts, Prog. 
	graphic 
	12, 24-hr prognostication charts w. isobars, wx symbols 

	TR
	charts, Radar (NEXRAD) 
	graphic 
	Doppler radar maps 

	TR
	charts, Radar summary 
	graphic 
	Maps of precipitation regions 

	TR
	charts, Weather depiction 
	graphic 
	Maps with isobars, precip, IFR regions, ceilings 

	TR
	FA 
	text 
	Aviation area 18-hr forecast 

	TR
	FD 
	text 
	Winds and temps. aloft 12-hr forecast charts 

	TR
	FD 
	graphic 
	Winds and temps. aloft 12-hr forecast charts 

	TR
	GPS 
	T or G 
	Global positioning satellite 

	TR
	LLWAS 
	radio 
	Low-Level Wind Shear Alert System (at airports) 

	TR
	METAR 
	text 
	Meteorological Aviation Routine 

	TR
	PIREP 
	text 
	Pilot reports 

	TR
	Satellite 
	graphic 
	Satellite photos of cloud cover 

	TR
	SD 
	text 
	Radar weather reports (hourly) 

	TR
	TAF 
	text 
	Terminal Aerodrome Forecast 

	TR
	TWEB 
	text 
	Transcribed Weather Broadcast (over telephone) 

	TR
	WW, AWW 
	text 
	Weather Watch bulletins, severe 

	TR
	Other sources 
	List_________________________________________ 


	a. 
	a. 
	a. 
	Rank: Rank ONLY your 3 most-used sources. Write “1” next to the source you use most, etc. 

	b. 
	b. 
	Value: Using the 1-5 scale of Q18b, how do you rate each of these 3 source’s information value? 

	c. 
	c. 
	%: Estimate the percentage of cross-country, bad-weather flights you use these 3 sources on. 

	d. 
	d. 
	Minutes: Estimate the average number of minutes you spend on each during bad-wx flight. 


	Rank 
	Rank 
	Rank 
	Value 
	Source 
	Details 
	% of flights 
	Minutes 

	1-3 
	1-3 
	1-5 
	used on 
	spent 

	TR
	avionics 
	(e.g. on-board radar, Stormscope, etc) List_______________________ 

	TR
	ASOS 
	Automated Surface Observing System 

	TR
	ATIS 
	Automated Terminal Information Service 

	TR
	AWOS 
	Automated Weather Observing System 

	TR
	EFAS 
	Enroute Flight Advisory System (Flight Watch through FSS) 

	TR
	HIWAS 
	Hazardous Inflight Weather Advisory System (selected VORs) 

	TR
	TWEB 
	Transcribed Weather Broadcast (over VOR, NDB) 

	TR
	Other sources 
	List_________________________________________ 


	24. 
	24. 
	24. 
	24. 
	Would it matter to you if your briefer were not a pilot, as long as he/she were NWS-certified? (circle answer) 

	1234 5 not at all a little bit somewhat quite a bit an extreme amount 

	25. 
	25. 
	25. 
	If you use FSS weather briefings, how satisfied are you with them? (leave blank if you don’t use FSS) 1234 5 

	not at all a little bit somewhat quite satisfied extremely satisfied 

	26. 
	26. 
	26. 
	What is the number of weather reporting stations (e.g. KOKC, KDWF) you check before an average 4-hour, bad-weather GA flight?____ The number?_____ The number?_____ 
	typical 
	smallest 
	largest 


	Regarding VFR LOCAL FLIGHT, what percentage of the time do you do the following (0-100%)? 

	27. 
	27. 
	I get a briefing on the weather before I take off ………………. ____ 

	28. 
	28. 
	I request weather updates during flight ………………………… ____ Regarding VFR CROSS-COUNTRY FLIGHT, what percentage of the time do you do the following? 

	29. 
	29. 
	I get a briefing on the weather before I take off ……………….. ____ 

	30. 
	30. 
	I request weather updates for route & destination during flight ____ Answer questions 31 through 34 using a scale of “0” through “6 or more”: How many times have you … 

	31. 
	31. 
	become so disoriented that you had to land or call ATC for assistance in determining your location? ____ 

	32. 
	32. 
	flown into areas of IMC without an instrument rating or an instrument-qualified aircraft? ………. ____ 

	33. 
	33. 
	become so disoriented after entering IMC that you had difficulty in maintaining aircraft control? ____ 

	34. 
	34. 
	34. 
	turned back or diverted to another airport because of bad weather while on a VFR flight? ……….. ____ Use the scale below to answer Qs 35-38 

	1234 5 not at all a little bit somewhat quite a bit an extreme amount 

	35. 
	35. 
	How much does the affect your willingness to fly? ____ 
	distance you have to fly through bad weather 


	36. 
	36. 
	Does having non-family passengers affect your willingness to fly in bad weather?……………….. ____ 

	37. 
	37. 
	Does having family passengers affect your willingness to fly in bad weather? …………………… ____ 

	38. 
	38. 
	Has social or corporate pressure ever affected your willingness to fly in bad weather? …………… ____ 

	39. 
	39. 
	Have you ever had a life-threatening flight experience related to weather? (Y / N) ………………. ____ (On Q 39, if answer is 3, 4, or 5, please briefly describe your experiences). 


	THIS CONCLUDES THE SUBJECT MATTER EXPERT INTERVIEW. THANKS AGAIN. 


	APPENDIX B 
	APPENDIX B 
	(Top) Coding rubric for qualitative analysis, with frequencies of incidence. (Bottom) Deductive versus inductive elements of the rubric. 
	At destination How well do I know the weather? At origin En route Increasing uncertainty How bad does it seem to me? How strong is my motivation to fly? How strong is my motivation to remain safe? Subjective Objective Subjective What is my physical state? How good is my equipment? How skilled / experienced am I? Subjective Objective U n c e r t a I n t y What are my options? 5. Coded by body-related statements such as “fatigue,” “hunger,” “disorientation.” A. In general text. B. Qs 31, 33 4 50 2. Coded by p
	Sect
	Figure
	Theory-driven elements (Deductive) 
	Theory-driven elements (Deductive) 
	Theory-driven elements (Deductive) 
	Theory-driven elements (Deductive) 




	Figure

	Figure
	Data-driven elements (Inductive) 
	Data-driven elements (Inductive) 
	Data-driven elements (Inductive) 
	Data-driven elements (Inductive) 
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