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SUMMARY PAGE

PROBLEM

The present invustigation attempted to (1) develop a conceptual model
for investigating student naval aviator (SNA) performance in Primary flight train-
ing; (2} isolate, with the usge of the model, those behaviors within the Spin Man-
euver which are judged to be recurring student pilot errors; (3) assess the
nriticality of these errors as they relate to the grades a student receives; and
(4) provide behavioral definitions of the global skills, Basic Airwork, Headwork,
and Procedures.

FINDINGS

A procedural type of tesk analysis was performed on the Spin Maneuver.
The necessary responses to each display and control both within and outside the
alrcraft were specified on a sequential continuum, Within each of these sequen-
tial components, a highly elemental approach (1.e.,, emphasis on the simultaneous
individual responses to each display and control at each point in time) was taken
s0 that it was possible to isolate the required simultaneous response configura-
tion at any given point throughout the maneuver. An objectively structured
questionnaire was developed using these individual task elements us the basic
item pool, and administered to a sample of 97 flight instructors in Primary flight
training.

The results of this investigation indicated that the recurring student
errors within the Spin Mansuver could bae isolated using this type of approuch.
Further, the definitions for the terms Basic Afrwork, Headwork and Procedurss
and what constitutes a "critical" error were set forth,
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INTRODUCTION

In most cases Primary flight training is the student naval aviator's
(SNA) first encounter with flying an aircraft., Basic skills acquired during this
phase generalize to later stages of training. Thae vast potpourri of visual

‘ scanning end control movement responses which the SNA learns will provide the
E basis from which the highly refined skills required to successfully fly opera-~ ,;
] tional types of aircraft will emerge. Due to the importance of the development B
| of thess basic skills, one of the flight instructor's primary concerns is tho }55
| R detection of errors the student pilot makes, and the subsequent correction of L
‘ these errors. The present ressarch effort was directed toward the isolation of .jﬁ
; 0 recurring problein areas in the development of these basic flying skills through E:
i 4 the utilization of a combined task analysis - rating form and a conceptual model !
i J of pilot behavior. !
| H /
; g A Concaeptual Model of Pilot Behavior ;i
i
i ,Lf‘:

Pilot behavior during the execution of a flight maneuver can be char-
acterized in numerous ways. At the mest alemental level, it can be described as
the execution of a fixed set of scanning and control movement responses in a
presoribed sequence over time, Accordingly, three major dimensions of interest
emerge, that of time, type, and time/type. Along the first dimension of time, the
performance of any flight manauver can be viewed as a set of procedural opera-
tions arranged in a sequential manner. The entire maneuver can be concep-
tualize d as a sequential set of distinot procedural operations. For hrevity, each
procecural operation will be termar a sequential step.
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Within the time dimension, the execution of a flight maneuver can also be
categorized according to successive aircraft changes in airspeed, power sotting,
configuratlon or i1 one or more of the four fundamental flight attitudes that com-
prise the maneuver. Changes in alrcraft configuration would include the raising
and lowering of the flaps or landing gear. Alrcraft alterations in {light attitude
would include going frex »ithar straight and level flight, a turn, climb or des-
| N cent to one of the other three attitudes. During sirzight and level flight, the alr-
“ ; craft remains in balanced flight on a constant heading; and altitude with the wings
level at any airspeed. In a turn, the flight heading is altered by applying coordi-
nated aileron and rudder !n the direction of the desired turn. During a climb,
the aircraft gains altitude while maintaining a constant airspeed. During a des-
cent, the alrcraft loses altitude while maintaining a constant airspeed. In addi-
tion to these four fundar.ental flight attitudes, two comhinations are possible,
ascending and descending turns. T...se modifications in flight attitude, aircraft
configuration anau the increasing or uecreasing in the pover setting, affect the
airspeed by causing the aircraft to go elther faster or slower.
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O: the basis of these changes affecting the aircraft, it is possible to
characterize a maneuver according to transitions from one aircraft modification
to another. Thus, the sequential steps involved in the execution of a maneuver,
along with their elemental scanning and control respo.ases, can further be
divided according to these aircraft modifications., Each successive aircraft modi-
fication during a maneuver will be termed sequential nhase.

T s
IRt R A

iy

ol et e SV
SO Z R A

~ In summary, it is possible to categorize the elemental scanning and con-
trol responsas of a flight maneuver along the temporal dimension as follows: (1)
those comprising a conceptually distinct procedural operation are collectively
referred to as a sequsntial stap; and (2) those sequential steps involving the
same aircraft changes in flight attitude, configuration, power setting and air-
speed are collectively referrud to as a sequential phase. 1t is apparent that such
a taxonamy forms a hierarchy in which the elemental scanning and control
responges form the base. Sequentlal staps form the first order level of analysis,
while the sequential phases form the second order level,

g -
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The second major dimension of interest is a categorization of scanning
and control movement responses according to a typology of behavior., Individual
task elements are grouped according to similarity of function. For example,
"scanning the horizon for proper nose atiltude" is performed numerous times
throughout most maneuvers, Consequently, these individual elements can be
grouped according to thelr similarity of function., Such an arrangement of
functionally equivalent task elements are collectively referred to as a task

element group.
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The flight path of an aircraft can be viewed as a function of control in
the three major axes, pitch, roll, and yaw. Changes in the fundamental flight
attitudes involve changes in one or more of these control sxes, For the most
part, control of the three flight axes is a continuous behaviural function. For
example, proper control in the pitch axis involves continuous scanning for pro-
per nose attitude and control of the elevator. In addition to thess continuous
functions which are performed simultaneously throughout flight, there are cer-
tain discrete activities which are performed only during certain steps of the
maneuver. During the spin, for example, the pilot must close the throttle
completely at one particular point. Such a bwhavior would be termed a disurete
control response, In addition to control responses, there are discrete scanning
responses which muat also he executed at specific points throughout a maneuver.
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Taken as a whole, five distinct task activities can be identifiecd which
categorize the various task element groupings. Accordingly, pilot behavior dur-
ing the execution of any meneuver can be " iewed as a series of discrete and
continuous corntirol and scanning responses. Continuous control in the pitch,
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roll, and yaw axes in conjunction with discrete visual scanning and discrete
control movement responses form the basis of most pilot behavior.

Thus far, individual task elements have been categorized according to
time and type of behavior. The execution of a maneuver may also be considered
the synthesis of these two dimensions, In other words, the interaction of type of
behavior with time of occurrence is of critical importance and forms the third 3
dimension to the conceptual model, that of time/type. Although several alterna- 5
tives were possible, two levels of analysis were believed to hold the greatest ‘;
potential within the time/type dimension, that of task element by sequential ] .
step and task activity by sequential step. The three dimensions of time, type, i '
and time/type and the six levels of analysis comprising these dimensions are 3 3
summarized in Table 1 and Figure 1.

Development of a Probabilistic Approach to Error Isolation 3 f

As indicated earlier, the major emphasis of the present investigation wus ; ]
directed toward the isolation of the most recurrent student pilot errors, It
seemed that the most meaningful approach would be to define the importance of
an error in terms of it probability of occurrence., In other words, for a given
error category, what is the probability that it will be committed by the average
student during primary flight training?

Since each slemental scanning and control response represents a
potential error, four questions seemed to be of importance. First, what is the
probability that the average student will commit this error? Second, since the
student becomes more proficient over time, what is the conditional probability
that the error will occur by the time all maneuvers have been introduced (Hop
9)?7 Third, what is the conditional probability that the instructor will consider
the error tr involve Headwork, Basic Airwork, or Procedures? After each hop,
the instructor is required to rate the student on thesa three global items? Fourth,
what is the conditional probability that the student will receive a Below Average
or Unsatisfactory rating if he commits the error? The answer to these four
guestions would provide information concerning the frequency of an error, its
4 { persistence over time, the type of behavior the error represents, and its judged

§ criticality by the instructor. Following the conceptual model proposed above,
these questions can be dealt with along the specific dimensions of time, type, 4
and time/type. Therefore, the most elemental tasks can be combined into several 3
p meaningful categories with probability statements assigned at all levels of B,
g analysis. P
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Table 1

= S B DT T S

Descriptions of the Levels of Analyses

T e s N

Dimension Level Description

el Rl

e oo

o4

A, TIME Sequential Step - arrangement of those task elements per-
forming the same procedural operation concurrently.
Sixteen are contained in the spin.

Sequential Phase - arrangement of those sequential steps
according to aircraft changes in flight attitude, con-
figuration, airspeed or power setting. Five are con-
tained in the spin.

- WAL S

B, TYPE Task Element Group - arrangement of those task elements §
performing the same perceptual or psychomotor function .
‘ throughout the maneuver, Seventeen are contained in the f
spin,
1
i

Task Activity - arrangerment of those task element groups

et IR

performing the same discrete or continuous perceptual-
psychomotor function throughout the maneuver. Five
are contained in the spin,

.

c. TYPE/TIME Task Element/Sequential Step - arrangement of tasks
. which are performed soncurrently. Sixty-eight are
vontained in the spin.

et DA SRR e

Task Activity/Sequential Step - arrangement of the task
elements which are performing the same perceptual- l
psychomotor operation concurrently. Forty-one are '
contained in the spin.
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In summary, the succersful execution of any maneuver can be concep-
tualized as a series of responses to external cues as well as to the displeys and
controls within the aircraft. To adequately describe each maneuver, it is
necassary to define the required set of simultaneous responses for sach of the
ssquential steps. In this way, both the parallel and serial processing require-
ments for each maneuver can be outlined within the proposed conceptual model.
With *he help of this model and its three dimensions of time, type, and time/type,
mear ingful estimates of errov frequenc, at several lavels of analysis can be

goni.rated,

As stated previously, the present research effort was directed toward
the isolation of the most important problem areas the student pilot encounters
during Primary flight training. Specifically, the aims of the present investi-
gatior. were to: (1) select those maneyvers taught during primary flight training
which provide the most difficulty to student pilots; (2) develop highly detailed
descriptions of these maneuvers; (3) isolate those behaviors within these maneu-
vers which are judged to be recurring student pilot errors; (4) assess the criti-
cality of these errors as they relate to the grades a student receives; and (5)
provide behavioral definitions of those global skills, Basic Airwork, Headwork,
and Procedures.

METHOD

Due to the ralatively large numoer of maneuvers which the student is
required to learn during primary training, only those were selected for unalysis
which were considered to provide the most recurring problems. From the pre-
sent grading lorme used during Primary flight training, maneuvers were
selected by considering the item distributions of "Below Averages" (BA) and
"Unsatisfactories" (U). Those maneuvers were selectad for further analysis
which produced the highest number of Delow Average and Unsatisfactory ratings.
Using this rationale, six maneuvers were solected. These included the spin,
the approach-turn stall, slow flight, tha high altitude emergency, standard
field entry, full flap approach/landing/takeoff. Periormance on these six
maneuvers was considered to be highly indicative of the student's overall per-
formance during Primary training. Three other {tems on the instructor's rating
form had higher BA's and U's than the mansuvers selected; Baslec Airwork, Head-
worlk and Procedures. As indicated, these {tems do not lend themselves to
detailed descriptions, since they are global skills encompassing all maneuvers.
Appendix A contains a dascription of the flight syllabus and number of flight
hours in the Pre-Solo and Precision stages of training at VI 1, the Navy's
Primary flight training squadron.

6
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5 B
¢ The task analysis procedure seemed to ofier a workable methudoiogy for
; the development of detaiied maneuver descriptions. Accordingly, each maneu-
ver was divided into a number of sequential s*teps. For each step, the scanning
\ and control movement responses to be performed concurrently were specified.
’ These individual elemental responses formed the basis of the resulting maneu- 3
: % ver descriptions.
. k
V The actual development of thesc descriptions ontailed a series of check 3
b procedures and revisions. The initial task analysis wes written using the ]
¢ training command T-34 Primary Maneuver Description handbook (1) . These ‘ 4
initial analyses were checked for completeness and accuracy by a small sample i
v of flight instructors (N = 7) assigned to VI'-1. O* the basis of their commaents, {
: : suggestions, and criticisms, revisions were waue and ", roofed" by a second set 5
1 / of instructors (N = 4) . VFollowing this second screening, revisions were again : é
’ made leading to the {inal maneuver descriptions., Appendix B contains the a§
} {inal 68 task elemonts presented to the instructors in a questionnaire format., b
A
_ i lt seemed reasonable that the flight instructors assigued to the Primary 3
f training squadron should best be able to assess the frequency of student pilot :

'. aerrors in terms of the detalled maneuver descriptions. Accordingly, a rating
form was developed for each maneuver in which the individual tagk elements
formed the basic item pool. In an attempt to mest the objectives of the study, tha
‘ following questions were asked about cach task element. First, did the elemon-
tal response represent an error which was committed by the average student?

S e TR R

i , In the svent the angswoer was "no", the instructe. proceeded to e next item, A
4 i Otherwise, he answe ed the remaining questions. Next, the instructor esti- <§
% mated "time to correct" or simply the hop number by which the error was nor- g
" mally corrected, The subsequent question concerned the instructor's judgement ’g
' R

concaring type of error. The item was to boe rated an arror involving either

N

Basic Alrwork, Headwork, or Procedures, Lastly, the itum was to be judged 45
"oritical" or "non-critical ." In the event the instructor would give the student i
Below-Average or Unsatisfactory rating for commitling the error, the item was to |
be rated "critical™. This questionnaire was given to a saple of 97 flight §
instructors assigned to VI' 1, Appendix C contains the questionnaire's Fore-
ward, Instructions, Biographicsl Information page, and Parts A and C of the ‘
mancuver description. TIart B of the maneuver description is the 68 task ele- ;i
menls presented in Appendix B,
]

From thy instructor's responses to the individual items several crror '(
cstimates were computed. The next two paragraphs were outlined in the Intro- :
duction, but due to the novel approach to error isolation as outlined in this paper,
the authors felt these ideas should boe repeated. The probability that an itew -
representod an error committed hy the average student was estimatod from the ;
{
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percentage of instructors responding to that particular item. The resulting
estimates are termea probability of error {requency. The probability that the
erroy occurred after Hop 9 was estimated from the percentage of instructors
indicating that the error was normally corrected by Hop 10 or beyond. Such
estimates are labeled prohability of error persistence. The probabllity a
student would receive a Below Average or Unsatisfactory in the event he com-
mitted the error was sstimated from the percentage of instructors marking the
item "critical." These estimates are isrmed probabllity of errcr criticality.
The probabilities that an error was perceived as representing Baslc Alrwork,
Headwork, or Procedures was estimated by the percentages of instructors mark-
il.g these three categories and are referred to as probability for type of error.
All estimates of error frequency, error persistence, error criticality, and type
of error were conditional probabilities in that they were based only upon the
responses of those individuals indicating the item to be an error committed by
the average student.

These estimates were computed for each of the task elements as well as
various higher level categories. For some of the higher level categoriss, such
as the levels of analysls in both the time and type dimensions, an additional
measure was computed. the expected number of errors. This measure is
another way of stating probability of exror frequency, and is an estimate of the
number of errors committed by the average student on this maneuver through-
out Primary flight training (all hops). Such an estimate seemed appropriute
whenever categorles consisted of multiple task elements. Furthermore, esti-
mates of error frequency, persistence, and criticality for higher order cate-
gories reflected the probabilities that a. least one error would be committed,
occur after Hop 9, or be considered critical from the pool of individual task
elements.

RESULTS AND DISCUSSION

The mansuver 3 be presented in this report is the spin. The follow~
ing description of the mannuver is contained in the T-34 Primary Mansuver
Description handbook (1) . This maneuver is introduced on Hop 7.

PRECISION SPIN (LEFT/RIGHT) (MINIMUM INTRY 4500')

Brief: A spin is an aggravated stall resulting in autorotation. The aircralt is
mﬁletely stalled . falling nose low toward the ground, following a corkscrew
path through the air. Spins develop your ability to recognize their entry and

to recover promptly and automatically from unintentional spins, build confidence,
and teach orientation in unusual attitudes.
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Description: Before entering the clearing turn for the spin, complete the stall
shecklist, check the altitude, minimum entry altitude is 4500 feet, and select a
large landmark or prominent section line near the horizon. At the start of the
last 80-degrees of clearing turn, close the throttle, do not retrim, smoothly raise
the nose to complete the clearing turn with wings level and the nose 15-degrees
above the normal cruise attitude with 75 knots or less, Malntain this attitude
and as tha stall approaches begin to apply full rudder in the direction of desired
rotatior. At the stall, apply full rudder, then full back stick (straight back).
After two complete turns, recover by applying opposite rudder to the neutral
position, followed by forward stick to the neutral position  When rotation stops,
level the wings and raise the nose to the 100-knot clirab attitude. Check the oil
pressure and smoothly apply full throttle, Recovery should be mede above

3000 feet and under 140 knots.

The completed quest.onnaire shown in Appendix C and the four-scale
rating form for the 68 items shown in Appendix B were administered to a sample
of 97 flight instructors. As outlined in the Introduction, the results will be
reported according to: (1) Isolaticn of error by time; 72) isolation of error
according to type of behavior; and (3) isolation of error according to type of
behavior over time. Additional sections will deal with the specification of
criticality in the execution of the spin and an attempt to hehaviorally defing the
global skills of Basic Alrwork, Headwork, and Procedures which have become
a part of naval aviation,

Error Isolation by Time

The 68 task elements defining both the sequential and concurrent pro-
cessing requirements of the Spin Maneuvor comprised 16 ssquential steps
(sem Apnendix B) ., Those sequeniial steps were further collapsed into five
sequential phases according to aircraft changes in fundamental flight attitude,
configuration, power setting and airspeed. Tha results of the breakdown
according to time are presented in Table 2, For each sequential step and phase
the number of task slements comprising each category is presented. Probability
estimaces of error frequency, error persistence, 2ad the expented numbor of
errors are also presented,

As indicated in Table 2, the resulting probabilities of committing at
least one error (error frequency) during each sequential step and sequential
phase were extremely high. Those steps having the lowest likelihood of studont
oerror were a'so those comprised of the lowest number of task olements, Like-
wise, steps and phases with the highast number of expected errors were also
comprised of the highest number of individual c¢lements, Thus it appears that
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Table 2

Anuolysis of Sequential Phasox and Stops Within The Spin Manouver

Ty rpeevimatndaw can e

No, of Ele- Probability Estimatod Probidsiiity

monts By For Errar No, of For Error
; Saquantial Phase/Step Doscription Time Fraquunay Errors Porsistonce
! ‘ Phuse A « Manouver set-up in claaring tum 19 1.000 1.2 649
Stap 1. Communue sucond claaring turn 8 070 1K) 474
Stap 2 - Close throttle in turn 2 891 Rt} 290
' Step 3 - Meintaip alearing turn 8 H00 6.5 683
' Phase 8 - Maneuvar set-up prior to stali 14 038 8.0 A73
1/ Stop 4 . Roll wings lovel at the 909 position in the B 007 3.4 408
; cloaring turn
i Stop B - Maintain the nose 169 above the normal ¢} 816 2.6 410
1 flight attituele
; Phase C - Inltlate and ntaintain spin 9 979 6.7 189
‘{ Stap 6 - Apply slight ruddor prior tu stall 1 L16 At 060
E Stap 7 - Apply tull rucdder when alreroft stalls 1 049 0 063 33
B 1,
3
1‘ Step 8« Apply full back stick 1 K L] 7 048 i{
Step 9+ Malntain spin throuph first 3600 tur 3 836 1.8 086
Step 10 - Maintain spin through second 360¢ tuen K} 028 2.0 144 ;:
! i Phaxa 0 - Initlate spin rocovery 7 090 4.4 A08 g
L ? Stop 11 Apply ruddar to noutral position after com. 2 H80 1.2 008 ]
% plotion of two turng )
r
i Stup 12 - Apply forviard stiek prossuro to ngutrat posi. 1 887 RY) 200 5
tion !
: Stup 13 - Roll wings loval 4 918 2,3 31
Phase E - Initinte climbing rocovary 19 D90 9.2 621 fj
Stup 14 - Rulse the noxe to the 100 knot climblng Vi 969 il ¢} 372 %
attitude 3
‘ F Stop 16 - Chack oil prossuro gauge 1 g1 7 168 4
ir Stap 16 - Add full powar to commaonea o climb 1 D28 4.7 400
A
. ] e e —e et e Attt ot s e mtom e ;
¥
¥
; |
!

error probability, when considered along the dimonsion of time, is a function of
. opportunity and perhaps also overload. In other words, those sequential seg-

: ments requiring the largest number of responses are also thosu producing the

i highest error rates,
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A similar pattern emerges whan the probability of committing at least
one error after Hop 9 is considered. Those steps and phases comprised of the
largast number of eiements tended to yield the highest probabilities of error
persistence. These -esults are consistent with the classical finding of degraded
performance under conditions of task overload. Recall that each sequential step
is comprised of task elements which are being performed concurrently. Those
“teps with the highest number of elements are also those in which the highest
number of multiple responses are being performed simultaneously. Consequently,
it could be expected that such conditions would lead to increased probabilities
of error. The data lend support to such an hypnthesis. In summary, the date
suggest that the incidence of error will be highest for those segments of the
maneuver during which the workload is greatest.

As indicated by Table 2, Phases A and E produced the highast number
of expected errors. During the maneuver set-up in the clearing turn, or Phase
A, Steps 1 and 3, which involved commencing and maintaining the clearing turn,
should be viewed as the highest potential source of errox. As indicated by
Appendix B, the essential items involved proper scan for other alrcraft, main-
teriance of proper angle of bank and balanced {light, and an increase in nose
attitude to reduce airspeed. During the initlation of the climbing recovery ..
Phase E, Steps 14 and 16, which involved raising the nose and adding power to
commence a climb, are the highest potential sources of error. Prope~. scan for
other aircraft, maintenunce of proper angle of bot:k ~nd balanced flight, and the
establishment and maintenance of proper nose attiiude again emerged as inpox-
tant sources of exror. The ad-litlon of full power also rupresented a significant
potential for error. These findings suggest that on a sequential time dimension,
the maneuver set-up and climbing recovery phases produce the greatest number
of errors, During Primary flight training, concentration on these phases by the
instructor will most likely :.roduce the greatest amount of error reduction,

Error Isolation by Type of Behavior

The 68 tusk elements were reduced to 17 task element groups on the
basis of their functional equivalerice, These task element groups were further
collapsed into five task activities. Accordingly, task element groups were
categorized into one of thaso activities involving continuous control of the air-
craft in the three flight axes or one of the two activities involving discrete visual
scanning or control movement responses. These results are presented in
Table 3.
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Table 3

B
Analysis of Task Activities and Task Elament Groups Within the pin Maneuver :\3'9
&
No. o} Tasks  EBrror  Estimated  Epror Error %
Elamants By Yroe Nu, of i sl Criti- y
Tusk Activity/Task Element Group Desuription Time quongy  Errors tu.1ce eality o .
—— - Y .
i£
fask Activity A . Continuous control in pitch axis {CP) 19 1.000 11.8 A7 194 i
Task Elumont Groups: )f '
A .
1. U slavator pressurs 8 1000 64 474 763 W
2.« Suan horizon for now attitude 8 876 3.8 376 508 g .
3. Scan alryieed Indlcator 3 784 1.8 366 A21 1 X
4 . Scan altimeter 1 83y 8 323 274 o 1
5 . Trim slevator prossure 1 423 4 05 122 g{
R
Task Activity 8 . Continuous control in roll axis {(CR) 14 079 8.0 421 0063 ';é
. f
Task Elemant Groups: '
1+ Use alteron prassur 7 418 2.6 A04 620 7
2 . Scan horizon for angls of bank 7 018 34 iy, b562 5
Tusk Activity C - Continuous vontrol in yaw axis (CY) 18 Rikii] 2.1 8~z 600 :j
Tusk Elnmunt Groups: ﬁ
j
1+ Usa ruddar presitire 10 2 5.2 544 578 &
2. Saan buil for baluncod flight 7 T3 3.4 573 263 %
3. Trim ruddar prussure 1 B3 B 2049 2860 a
Tuak Activity D - Disciaty control in ait axes (DC) 7 069 3. 234 B840 5
Tuask Eluments Groups:
1. Use nluvator prussure 2 928 1.0 222 866
2 - tu rudder prossuce 3 804 1.7 103 879
3. Usa throttle control 2 4064 8 022 480
Task Autivity E - Diserate visual scun {DS) 10 000 6.1 18 791 .
Tk Eloment Groups: ‘;“
.
"g 1+ Sean araa for othar airerafs 3 807 2,0 209 520 !
¥ 2 - Scan arva for s warticulor position ) 897 2.6 138 632 i
g 3 3 - Scan airspaed Indicator 1 L ] N 238 U t
o 4 . Scan oll prossute gauge 1 71 7 U8 304 4
! - i
- l] :
b 5 R
0 N
,‘;. v
Y .
5 : For each tesk element group and tasi activity the number of tnsk elements
A comprising each category is presented. Probahility estimates of error fr squency,
e
evror persistence, error criticality, and the expected nuunber of errors is pre-
& sented,
12
H l‘

i nindl ¢ PRV L t7T IR




;
L
d

T B RN = g‘?\': y@i‘;"i?lﬁ\"' (A R e

i

v

e o A B e e B T SN

IR

S L Tt e BT i S

Yl oy "
:ﬁ&mm%@mm“mnmwm Y N e e mveiaa s s AT Srne g i g e ool

As senn in Table 3, the probabilities of coniniitting at least one error for
each task elemont group and task activity were quite high, The only exceptions
involved discrete use of the throttle and proper trim control in the pitch and yaw
axes. The most persistent ercors involved continuous control of the aircraft in
the yaw axis through the appropriate application of rudder pressure and proper
scanning of the ball for balanced flight. Continuous use of elevator pressure
was also a persistent source of error.

The task activities producing the highest number of expected errors
winvolved continuous contro! in the pitch and yaw axes. The two task element
groups with the highest number: of errors involved continuous use of elevator and
rudder pressure. Considsring ervor criticality, the task activity involving dis-
crote control produced the highest value., At the task element group level, dis-
crete use of the slevator and coatinuous elevatcr control produced the highest
values. In summary, it appears that proper elevator control (pitch axis) is per-
heps the most important skill che studunt must learn in order to successfully
execute the Spin,

Error Isolation by Type eof Behavior Over Time

From the data presented for the task elements by sequential steps,
probahility statements were generated for the task activity by sequential step
level of analysis. 1t is =t this level rather than at the task elemen./step lavel
that the greatest information in terms of error isolation is yielded. Each step
represents g synthesie of continuous control about the three flight axes inter-
spersed with discrete control and scanning responses. It is at this level of
analysis that the instructor can most read.ly detect the occurrence of an orror.
Consider continuous control in the pitch axis during descent, the pilot must
centinuously scan for proper nose attitude and alrspecd while continuously con-
trolling the elevator. Suppose the resultant glide slope angle is incorrect. 'The
instructu: is able to observe the improper glide slope angle but cannat observe
exactly which response is in error. Doe~ the pilot fail to scan for pruper nose
attitude, fail to scan for proper airspeed, or fail to properly control ihe elevator?
In many casas, the instructor is simply unable to directly ohserve pilot behavior
at the elemental response level, In other words, errors are most often detectable
only at the task activity level, For this reascn, it Is suggested that the analvsis
of student pilot error according to task activity for each asequential step shouid
provide the wost uneful information. For these reasons, it seemed that orror
igolation at the task activity level for each sequential step would be most con-
sistent with what the instructor is able to observ .

In this dimensjon, tha 68 task elements were collapsad into 41 "task acti~
vity by sequential step'" categories For each category, probability estimates of
error ‘requaency, error persistencs, and error criticality were completed. A
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complete listing of these results is presented in Appeindix D, Table 4 presents
those categories in which the error frequency was .0" or greater. Although the
choice of .60 was arbitrary, it seemed that these reprasented the most significant
gources of srror, Of the 41 groups contained in Appendix D, 24 are presented in
this table.

4

The five errors producing the highest frequency estimates ocourred dur
ing the maneuver set-up in the clearing turn and the spin/climbing recovary.
Maintaining a constant altitude while commencing the second clesring turn and
raising the riose throughout the turn so that the alrcraft is in a 159 nose-up
attitude upon completion had the highest probability of exor frequency during
the set-up phase, Both errors required continuous control of the aircraft in the
pitch axis which involved control of elevator stick pressure, scan of the horizon
for proper nose attitude, and scan of both the airspeed an altitude indicators,

During the two recovery phases, application of forward elavator stick
pressure to the neutral position, leveling the wings once rotation had ceased, and
ralsing the nose to the 100 knot climbing attitude were the most frequent errors.
Moving the stick forward to the neutral position involved the discrete use of
elevator pressure. Rolling the wings level was a continuous activity requiring
the appropriate use of aileron pressure and the scan of the herizon for proper
angle of bunk, Appropriate use of elevator pressure and scan for proper ncvse
attitude were involved in raising the nose to the 100 knot climt:ng attitude.

The most persistent errors were the maintenance of altitude when com-~
mencing the clearing turn, meaintenance of proper angle of bank while raising
the noss throughout the clearing turn, and maintenance of balanced flight after
power addition during the climbing recovery. Each of these four most persistent
errors involved continuous centrol of the alrcraft--one in the roll &ris, one in
the yaw axis, and two in the pitch axis,

Specification of Criticality in the Spin

From Table 4, it is apparent that the most critical errors occur curing
the initiation, maintenance, and recovery from the spin itself. The two ¢rrors

with the highest criticality ratings involvec the discrote use of elevator praessure--

one during spin entry and the other during spin recovery. One of thesu errors,
the application of forward clevator stick pressure during spin recovery, not only
had a high criticality estimate (.779), but also a high frequency (.877). It.s
likely that this one error may be the most important for the spin maneuver.
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g Tablo 4 A
f i
A Most Signiticant Errors (Task Activity/Sequential Stop) Within tha Spin Maneuver ‘a,
i e
: Error Error Error §
j‘ * Task Fre-* Tarais. Criti- ‘},f
1 Ervor Duscription Activity quancy tonhce cality 4
I N
I &
‘r;‘ Pliase A - Maneuver set.up in clearing turn 2
' 1 Soun aren for ather aircraft when commaencing the DS 742 A 361 ’,g
" Y second cearing turn, z
p % 2 Rolt the siroraft so as to establish 450 angle of bank CR 132 197 169 "
in the clearing turn, "
3. Maintain a constant altiturs when commencing the cpP 807 330 456 p
second cloaring turn, 3
4, Maintain 460 ungle of bank in the clearing turn, CR 891 328 224 :f
B, Raisa the nose smoothly in the alearing turn aftor cp 880 482 BEH i
throttie closure to establish the nosa 167 above the .
¢ narmal attitude amnd an alrspecd of 75 knots or less, 1
% ) 4. Scan aren in the cleuring turn for ohar gireraft, Ds 763 247 438
}' Phuse B8 - Maneuver set.up prior to etoll 3
X 1 7. Maintain the noss 169 ahove the normal attitude ce 804 266 474 f
. i when rolling the wings lavel, H
: ! 9. Muintain the nose 169 above the normal attitude cp 701 250 0600 R
L with tha wings levdl, !
{
Phase C - Initiate snd malntain spin
0. Apply full ruddur pressure whan the sireraft stalls beC 849 Jd27 661 ;
: in tho direction of tho last ciearing turn, ,
‘ 10, Apply full back stick upon wmin sntry, 0c 4801 A10 710 .
- ", Maintain tull ruddor prassure in the first 360° cy 410 087 H00
A spin tum,
5 12, Maintain full baek stick in the first 3600 spin turn, cp 601 08 867 (
;? 13, Maintain full ruddor prossure in the second 3600 ey 608 08k 810 1
2 st turn,
E: | 14, Muintaln full baek stick in the socond 3609 spin cp 648 A27 451 ;
£ turn,
Eﬁ ! 16, Scun for the approach to the lundmark for an indi DS 784 002 608 .
E*‘ cution uf the second 3600 turn, i
{1 Phaxe D - Initiste spin recovaery :
L4
& 16,  Soun landmark tor an Indication of tho seeond 3600 vs 32 113 608 !
; ! pin tumn, !
| i 17, Amzly forward slovator stick pressure to the noutryl DC 887 233 778
! position, :
l- 18, Rotl the wings luvel when rotation of tho aircraft CR 876 .188 0824
L cousus,
‘ [ Phase E - Initiate elimbing recovory
v i
} ! 19, Raiso ti,w nose umouothly prior to powar addition to (o 086 220 B18
| ; establish o 100 knot climb attitude,
. ! 20, Scan tha alrspaed indisator to ensure raising the D§s 691 269 B507
; ' nose prior to 140 knots,
21, Maintain tho wings level while ralsing the nosc, CR 639 177 371
22, Scan tha oll pressure guuge for indication prior to DS Akl 174 .91
adding full powar,
23, Maintain tie noso st the 100 knot climb ottitude ce 732 211 338
durlig porerer addition,
24, Maintain b: .anced flight during power addition, cy 742 361 260

¢ DS = Discrato Scan; DC ~ Discrete Contral; CY = Continuous Control in Yaw Axis; CR » Continuous Control in Roy, Axis;
CP = Continuous Contral in Piteh Axis,
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error was perceived to involve Basic Alrwork, Headwork, or Procedures were
computed. These results are prosented in Table 6, It is apparent that those task
alement groups and task activities involving continuous control of the alrcraft in
its threse major axes are perceived by flight instructors to represent Basic Alr-
work skills. In most cuses probabllities for these three task activities of being :
rated lieadwork or Procedures were quite low. Those task element groups
involving discrete control movements loaded most highly on the Procedures skill,
altho'tgh the discrimlination among the throe categories was not as groeat as that

: for Basic Afrwork. Those task element groups involving discrete visual
scanning responses were considered to represent Headwork skills,

M 0 P OU PO NTO N, E A/ AT 95 XREZA S S0 21 . Yrgoh ey b Ak oo P ESSh < b pd? e R A TN R bt PGP AT TR R P PSRV AN N G !
g
It is interesting to note that estimates of error persistence are lowast jj ;
during the initiation, maintenance and recovery from the spin, yet the criticality 3 3
entimates are the highest. This may be explained by the fact that, although they 9
have a low probability of occurrence during the later hops of Primary training, 2} !
their occurrence will most likely result in a student receiving a Below Average v i
or Unsatistactory rating if they are committed. This high criticality rating is not ; k|
too surprising since these two phases represent the essence of the spin man- B ﬂ
suver, Nrom the T-34 Primasy Maneuver Description handbook (1) . Spins ’Jg 4
develop your ability to recognize their entry and to recover piomptly and auto- i
matically from unintentional spins, build contidence, and teach ~rientation in Q i
unusual attitudes", The remaining phases, proper set-up in the clearing turn l
and the climbing recovery, are not critical components within the Spin Maneuver . P 1
A student recelving & Below Average or Unsaticfactory rating for the execution N ;
of the Spin will most likely have committed errory during the initiation, main- % ki
tenance, or recovery from the Spin itself, ! !
One further point should be made., The estimates of uriticality were for 4 j
single orrors only. In practice, it usually ovours that the student will o smmnit {
multiple errors. Unfortunately, the present data do not provide estimates in the i
avent multiple errors are committed, Nuovertheless, the individual criticality ; |

estimates do represent a lower bound in the event of such an occurrence. Cer- ;

tainly, the likellhood of a Balow Average or Unsatisfoctory rating will be

increased. By what amount, however, the data does not indlcate, To compute ; ¢
all combinations of errors is simply impractical although theoretically possible. ; !,
“ 4
§[ Li Behavioral Nefinitions of Buslc Airwork, Headwork, and Procedures §
vy For each task element group and task activity, the probabilities that the ' ’1
{

o

TRt Y e e i

From the consensus of instructors sampled, it would appear that poor
Heudwork cun be defined as improper discrete visual scanning response patterns
which become menifested through inadequate monitoring and detection of potential
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Table b

Analyals of Type of Error by Task Activities and Task Element Groups Within the Spin Maneuver

Type of Error Probubilities

Tosk Activity/Task Blement Group Desaription BAW HDOWK PROC
" Tusk Aativity A « Continuous control in piteh axis (CP) 720 128 162
Task Blement Groups:
. 1« Usa vlovator pressuro 678 A18 200
3 2 - Soan horlzon for nose attitude 703 133 074 i
- 3 . Soan alrspaed indicator 812 164 224 ] Y
g 4 . Scan altimeter 860 008 033 A blo
) i; 5« Trim slevator prossure 878 008 D24 \‘ﬁ His,
-3 i
'3&' Task Activity 8 Continuous conteol it robl axis (CR) 840 089 071 ;ﬁ ;,.
;1'; Task Element Groups: g -{.- g
< A 1+ Usy alloron pressure 827 .083 001 I g !
R 2. Sean horizon for angle of bnk 850 093 066 §
Tusk Activity € « Continuous sontrol in yaw axis (CY) 822 089 088 9,) ‘ .
Tusk Elemaent Groups! _vf’
1 - Use rudder proasure 192 080 120 B '
2 - Sean ball for bulunvod flight 870 086 044 ;
3. Trim ruddar prossure 820 120 060
Task Activity D - Disarete sontrol i all axes {DC) 283 A97 b2 ;
Tusk Elwment Groups: ;
’s
9 1~ Use alovator prassuro 384 200 411 f
L 2 . Uss rudder prossure iili] 170 542 i
3« Use throttle control 032 242 728 ;
. Tusk Activity E - Discrote visual scan {DS) 260 R A07 ‘%
O Task Element Groups:
1+ Sean arvn for other alroraft A89 8806 116 AN
2 . Scan aren for a purtioutar position 311 622 167 J
- 3 - Sonn alrspued indlcotor 323 .386 202 A e
T 4 . Scan ol prassure gouge 103 4566 441 i
e — 4 _:
3.' Ll] L:‘ .
§ \, problems, the failure to use sensory cues to detect display or environmental y "
g 1, changes, and poor anticipation of or planning for a future geries of occurrences. .
§ Procedures can be defined as improper discrete control movement responses . A
N g which become manifested in the omission or misordering of a required response '
b v or series of responses, Basic Airwork can be defined as improper continuouu
E : <y @ v
3 g gcanning/control movement responses which serve to control the alrcraft in its ; '
. three inajor flight axes, 1t involves poor perceptual-motor coordination cf hand/ ' »
g eye/foot. Such empirically determined behavioral definitions of Basic Airwork, S
. l(
- Headwork, and Procedures should aid in the standardization of intructors' judg- -
mentis regarding the meaning of these global terms. b
T
,‘:k
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IMPLICATIONS

The results of this investigation have identified those student flight
errors which are committed by the students during the Spin Maneuver in Primary

flight training. Concerning specific error items, application of elevator control in

the clearing turn in order to maintain altitude immediately followed by raising the
nose to 159 above the normal attitude during the maneuver set-up phase were
found to represent the areas of major student difficulty. However, the appli-
cation of forward elevator stick to the neutral position during the spin recovery
phase may be the single most important error in the Spin Maneuver due to its
high critlcality estimate and a high estimate of error frequency.

The flight characteristics or skills (task element grotip) which are con-
sidered important to the Spin Maneuver have also been isolated, Coutinuous and
discrete use of the elevator contre' had the highest probabilit.es of error fre-
quency as well as the highest criticality raiings, while the most persistent
errors were continuous use of rudder and scanning the ball far balarced flight,

The meaning of Basic Alrwork, Procedures and Headwork were defined
acoording to type of activity being performed. Heaawork and Procedures loaded
very heavily on discrate visual scanning responses and discrete control move-
ment responses, respectively, while Basic Airwork loaded on continuous control
of the aircraft in the three flight axes,

(quite logically, error criticality appeared to be dependent upon the
essentlal portions of the Spin or the reasons why a Spin is taught, A Below
Average or Unsatisfactory grade was founc to result from an error during the
initiation, maintenance, or recovery fror the Spin itself.

This isolation of error has several important Implications. First, a
diagnostic manual for incoming flight instructors and/or students might be
developed. In such a manual, information could be provided regar ding the
successful execution of the Spin Maneuver, the critical points at which students
are likely to encounter difficulty, and recommendead types of remedial action.

Second, a revised rating form could be developed from those errors
listed in Table 4. The revised grading sheet could emphasize performance on
the most frequent errors within the Spin. This grading sheet hopefully would
give more empirical data concerning number of Spin Maneuvers performed in
Primary; the relaticnships between grade, hop, and error; and lastly, the vali-
dity of the questionnairs,
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Third, a model of error probability has been devised concer .iing student
performance on the Spin in Primary training. From these probabilities a per-
ceptual-psychomotor test battery could perhaps be devuloped for the predistion
of verformance on the Spin Maneuver prior to a student's arrival at VI'-1, The
re.alting test battery should represent an analog to the response configuration
required for the performance of a given component or phase within the Spin

s

xEtS

‘ Marieuver.
; Fourth, a method has baan devised along the dimeiisions of time and
' type of hehavior in a hierarchical manner for combining the most elemental tasks
; into neaningful categcries. In this way human error in the Spin Maneuver was
i analyzed in an anparently effective manner. Hopefully, the methods used in this
55 investigation v 1l serve as an aid for future studies into human error.
:
Lar dy, the empirical definitions of Basic Airwork, Headwork, und ) ro-
‘ cedures, waich were outlined in this report, could be an aid to the instructor,
73 Tnese defin tions and interpretations should help to standardize the instructors'
R understanding of these terms and use of the grading system, ,
gl
.
<,i
B
. |
/A %
¥ | |
A ;
X
4

-

. -5




§ /
REFERENCE 4

1, T-34 Primary Maneuver Description, CNAT P-1621 PAT, Chlef of Naval K
Air Training, Naval Air Station, Pensacola, Florida, Feb 1873.
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APPENDIX A

This section contains the flight syliabus and number of flight hours

et

contained ir Pre-Solo and Precision stages of Primary flight training
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Primary flight training is divided into two stages, Pre-Solo and Pre-
cision. Pre-Solo consists of dual instruction for the purpose of preparirg the
student pilot to fly solo while the Precision stage is directed toward inst. 1ation in
precision and acrobatic maneuvering. The Pre-Solo stage consists of 1. dual

R

instructional hops. By the ninth hop, all maneuvers have been introduced and 4

the student begins to prepare for his final check hop prior to solo. Thatlis, 4

after Hop 4, the student should be able to execute all maneuvers without commit- g

ting any major errors, Hop 12 is the safe-for-solo check {light, and if con- ]

sidered safe by the instructor, the student will solo on Hop 13.

i i The flight syllabus at VT-1 consists of 26 instructional hours, 17.8 §
i | hours in Pre-Solo stage and 8.4 hours in Precision stage. During this period of

4 training, the student receives 20.8 hours of dual instruction and 5.2 hours of ;

R i solo flight time. |

\

a

g Beginning with Hop 4, the instructor rates a student's performance on j

each maneuver and procedure executed. For each graded item, he rates the stu- ]

dent's performance to be Above Average, Average, Below Average, or Unsatis- 1

: factory. In addition to specific maneuvears and procedures, three global sl ills '{

’ must be graded-~Headwork, Basic Airwork, and Procedures.

, i

The follewing is a description of Primary flight training in mid-1972 :

when the data were collected: )

|

E

e e

SYLLABUS
PERIOD DESCRIPTION HOURS '

PRE-SOLO STAGE,

i This stage is devoted to dual instruction for the purpose of qualifying stu.
' dents to fly solo, Tt consists of eleven (11) dual tnstructional flights, one

i (1) check tlight, one (1) solo (PS-13) flight. The student shall be
instrueted in the fundamentals of good airmanship, witl emphasis on the
principles of attitude flight, coordination of controls, smoothiess, basic
airwork, effective use ol trim tabs, and landing techniques, The studont
shall also be taught stalls . ad spins, entry recognition, and })rnpcr recovery
: technique, Stadents will perform all previously introduced material on

g each subsequent flight,

PS-i lustructor introduce pre-flight inspection and cockpit fundamentals, 1.3

DUAL Student start engine under supervision of instractor; instruetor will warm

g Al




SYLLABUS
PERIOD DESCRIPTION HOURS
up engine, read, exeeute, and report check-off list (assisted by student), taxi,
tnRo-o‘_h. and proceed to area, Instructor introduces use and effeety of con.
trols, fundamental ﬁ!fht attitudos, and transitions, Explain conrse culos and
point out prominent landmarks. Use this fliglu to orient the student in the
air, Introduce taxiing after retarn to home field,
Ps-2 Student conduet pre-flight inspection, start and warm up engine. Student 13
DUAL read, execute, and report check-off list, Review taxiing, fundamental flight
attitudes, iransitions, area ovientation, and course rules, Introduee takeoff
pperation of gear and_flaps, and coordination maneuver, Denonstrate
inherent stability of aireraft. Stress the proper ase of Lrim tabs dn_all
attitude changes and etmphasize the importance of Jearning to fly the aiveraft
by the attitwde method.
PS.8 Studoent taxi, take off, and proceed 1o mreas Beview previous work as neces: 1.3
DUAL sary. Introduce steep tirns, slow flight, and home tield entry. Encourage
student to develop a definite pattenn of sean for observation of attitude indica.
tions, instewment veading, and aiv teaftie, Stress use of Wim tabs in velioving
control pressuves in all changes of aivspeed, and powor setting, Review engine
fire duning start/after atart,
PS4 Review provious work as necessary, Introduce power-off spivals, standard b
i DUAL field entry, full-flup touch-and-go landings, wave-off at outlying fields, and
; standord field departure, Demonsteate torque effect, Reemphasize prin.
ciptes of sttitude flight as applied to the exeeution of a landing, Shu‘(-m
! fly home field entry on this and subsequent flights, Review engine five in
i ; flight, smoke elimination, and fuel fties,
PS5 Review previous work as necessary, Introduee no-flap landings and low-ulti. [
& DUAL tude emergency,  Insteuetor demonstrate wind effeet and mﬁn correetion,
A . Review olectrical five, generator fuilure,
i
H P'S-6 Review previous work as necessary, Introduee power-off stall and high-altic 1.3
£ DUAL tude emergeney, Review complete and partial engine failure (altitude can-
: B not be maintained,)
¥ ' Ps.7 Review previous work as necessary, Tntroduee precision sping, left and right, L
b DUAL aid approach turn stall, Demonsteate emergeney landings, Review propeller
3 failure on take-off/airborne,
PS-8 Review previoas worlcas necessary, Introduee erosewind lundings, Review 1.3 ;
DUAL lat tive, brake faidure, hard lunding, i
]
I's-9 Review previous work as necessavy,  Introduee proeedare at solo fields, 13 ‘g
DUAL including fall-stop landings, Demonstrate the lln-ngrvsaivu spin and emer i
geney landing gear operation, Review gear-ap landing, 1
T
Is-10 Review previous work as necessary, Demonetrate skidded tarn stall and opera- () 4
3 DUAL tion of hw cmergeney fel systen, Review innding with one main gear i
e retracted, nose gear retracted, 3
A y
' PS-11 Instractor's cheelo of all mancavers previously introduced, lntroduaee home b :
g DUAL field wave-off procedure, Review lost-plane procedures,
: PS-12 Cheek all work introdueed in pre-solo stage to determine whethe, or not 2.0
3 NUAL student w safe-Tor-solo. The student will be vequired to:
CHECK
!
a Inspeet the plane, starl, warm up, perform cochpit cheek, and
test engine copreetly, ;
3 A-2
:
1 v
h ) ¥




SYLLABUS :
Al L) ~ \1
PERIOD DESCRWTION HOURS .
I 'Taxi sately and nse brakes correctly, i
s
¢, ‘Take off without excessive awerving,  Use propeller, throtite, and g
lunding gour controls properly, ;T[
¥
d. Recognize stall conditions and perform satisfactory recovery from !
stally introduced.  Perform satisfuctorily: slow-flight procedures, spiin, i
steep turts, and power-off splreals, {
¢, Demonstrate proper procedure and good headwork during simulated 5
high- and low-altitude emergencies, :
. f. Executo safo full-flap and no-flap lunding on a havd-surfaced runway. ;
H (1 1
L, § All landings must be in the first thied of the ranway, {
: 9 . , ;
E:’j g Demonsteate satisfuctory deift correction in eross-wind landings, 3
3 ;
%q h. Execute o minimwm of three (3) landings, including one (1) fullstop ;
?}: landing at u solo field. Perform three (3) solo landings if considerod safe-for 3
) sdo by the ¢heek pilot, ;
F 7
® . , . 4
4§ L Make a successtul approach and lunding at home field and retuen 1o 4
i flight line,
i N
% l . 0 e 1
i J Stop engine and socure coekpit coreeetly,
{ PS8 Practice high-work maneuvers (as recommended by instructor) and into-the. 1.3 4
; SOLO wind landings, DO NOT practice the following maneuvers: Spins, erosswind ‘
i lundings, simulated emergoneies, inverted flight, or acrobaties, Student may ;
{ make a total of four (4) landings with no more S six (0) approsches, !
b , , !
{ PRECISION STAGE j
¥ This stage consists of gix (6) Hights devoted to instruetion and practics in i
g 7 precision and acrobatic maneuvers, The sixth flight is a precision cheel on §
R ; mancavers introduced in this stage and pre-solo stage, The instruetor shall {
. . be alert ta any evidence of mechanieal tyiug by the student and take such g
i . corrective action as necessary,  Primary consideration shall be given to develop.
. ment of busie aivwork and coordination,
N
8
- PUN-1 Review crossavind landings and the precision spin, introduee the wingover, L3
P . DUAL loop, unusual attitudes, emergeney landing practice, and recovery from aeeis
" dental ”f)hm Introduee prm'isinn landdinga, Demonntrate the split 'S8 ad
e : inverted mlall, Make o miminnan ot six (0) Inndings this flight. Review air.
' borne damaged-plane procedures,
o
R PCN.2 Practice wingovers, loops, slow flight, power-off spivals, precision landings, ]
"j SOLO and worle recomimended by the instruetor,
Al PN Same as PON-2 flight, Faphasis on precision landings, 13
; SOLO
{)
3 . . R . -
E PCN-4 Review wingover, foops, unusnal attitudes, stalls, spins, emiergeney Lind- 1.5
4 DAL ing practice, and precision landings, Demonstrate harvel roll, Coaban '8,
and hnmelmann,. Make a minimum of si< (0) landings this flight, includ-
R ing erossewind Landings, Review bailout, ditehing,
4
;)
i

A3




SYLLABUS
PERIOD DESCRIPTION HOURS

PCN-5 Practice all mancuvers introduced to the student, with emphasis on basic 1.3
SOLO sirwork, .

PCN.6 Final chock on all maneuvers introduced to the student in pro-solo and pre- 1.5
DUAL cwdon stages.  Include the following maneuvers:
CHECK

a. Steep turns
b, Slow flight
s, Powor-off stall
d.  Approach turn stall
¢, Unuvsual attitudos, recoery from
. Precidon spin and accidental spin
f. High-altitude emargoncy
. Low-altitude emorgency
| i Precision into-the-wind and cross-wind landings,
» Emorgoney landing practice
.+ Wingovers
Loops

4 ]
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APPENDIX B
This section conteins an analysic of all task elements by
sequential steps within the Spin Maneuver

(68 elements/steps are listed)
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_Probabilities For
*Task Ereor { reor Par. Type of Error Error
Description Adctivity Freg 1 stonos BAW . HOWK - PROC  Criticality
g PHASE A - MANEUVERSET.UP IN CLEAR-
B ING TURN
§ Step 1. Commence a Sevond 45°%Cluaring i
5 Turn to the Right i
% 8. 0an areu 0 the right for other D& 242 a1 200 .700 .100 361
3 airoraft, L
% b, Apply right alteron stick pressure CR 1288 A1 823 000 .077 164 k4
3 Lu c:ubl sh the proper angle of :
3 ank, 3
% 0. ?"!M‘l( horizon for 489 angle of CR 880 208 0805 .079 .0168 A62 \
3. unk, k
Fﬁ d. Apply righi rudder pressure to cyY 485 362 036 064 ,000 149 R
B maintain halanced flight, |
¥ e, Scan ball tor balanaod flight, cyY L2 549 A57 043 000 098 i
g f. Apply back elevator sulok pres- ce 784 316 069 027 014 386
‘)f, sure to maintain a constant alti. ;
g tude throughout tho turn, i
% 0. Jo:.n sltimeter {9 constant alti cp 439 339 8¢9 008 033 274 p
tude, :
[;i *h. Scan horizon for proper hose ce 742 278 880 086 .020 376
i attitude, ~ ;
& Stap & Close the Throttle After Commencing E
¥ Thoe Second Clearing Tur ]
5
- n Closa throttls complutaly, DC 278 000 037 222 744 206
¥ b, Apply sppropriste rudder pres. (3 4 b7 393 B2 006 019 084
i}: sure to maintain balanund flight, '
X
Ei Stup 3. Maintain Bocond Clearing ‘furn to the
N 900 Pusition i
=
g o, Apply back elevator stick prossure ce p28 367 HL0 100 300 467
b throughout the turm to smoothly ]
ralse the note 159 above thy nor |
1 mal flight sttitude,
? b, Bo;n horizon for proper nose attl ce 870 231 BH8 088 081 41 !
g tude,
) ¢, Scan the uirsperd indluator {or the cp 091 373 B3¢ 167 107 200 ‘
o 'u:pruuch of 78 knots, |
i d. Maintaln approprinte ruddar pros. cy 488 362 B15 021 004 128 ;
3 sure to maintain balunhced flight, )
3 6. Soan bl for balanced {light, (4 B80S L3 816,064 021 122 l
o f. Maintain appropriste alleron stick CRH 308 339 D48 034 017 203 g
;‘ {»rmuro to maintain 480 anglo of
b onk., :
i, I 4. Saoun horizon tor 459 angle of bank, CR L1 280 N18 082 060 180 :
t k . Sann for the approach to tho land. DS 361 .086 d71 ma 4 200 .
g ¥ mark at 909 position of turn
3 & I. Scan aroa for other airgraft, Ds 783 247 264 606 141 ARG '
&
! i PHASE B - MANEUVER SET-UP PRIOR TO
‘ ¥ STALL
g " Step 4. Roll Wings Lavel at the 809 Position of
: k the Second Clearing Turn
: . Scan lundmaris ot the BOY position Ds 247 083 A78 391130 .260
%’ " of thu clearing turn,
’ b. Apply Joft alleron stic)s prassurs CR 103 100 000 000 100 300
£ to loval wings.
¢, Sucan horizon for wings lovel, CR 423 14¢ 026 050 028 208
: ., Apply woft rudder pressiire to main- cY AbA AGH 877 023 .000 114
t win balanced flight,
o, Scan ball for brtanced flight. cyY 608 B10 886 063 ,042 082 k
f. Maintain baok elevator stick pres. cpP 598 241 873 .05 073 448 !
sure to maintain the nose 189 ahovy A
the normal flight attitude, e
*DS = Discrate Scan; DC ~ Diserate Cortrol; CY « Continuous Control in Yaw Axis; CR « Continuous Control in Roll Axls; &
CP = Cont.nuous Control in Pitch Axis, i
E
B-1 !
4
1
!
i
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Probabllities For

*Task Error Error Per. Type of Er,or Error
Desotiption Activity Freq sistence BAW - HOWK - PROC  Criticality

PHASE B - MANEUVER SET-UP PRIOR TO
STALL (Continued)

3. Scan horizon for 169 nose-up cP 588 291 818 127 088 466
attitude,
h. Saan nirspeed indicator for spproxi- | CP 464 267 808 118 279 278
mately 78 knots { or less),

Step 8. Maintain The Nosw 16° Above The
Normal Flight Attitude With The
Wirgs Leva

8. Apply sppropriote ailuron stick Ch 268 240 1,000 000 .000 240
grmurn to maintain wings level,

b. Scsn horison tor wings leve!, CR 330 188 503 068 ,032 125

e, Apply increzsing back elevator stick ce 629 262 879 082 ,060 443
pressure to maintaln the proper
nos attitude as the airspoed de:
creases,

d. Qoaln O:‘orlzon for propsr nos cP Ab4 41 887 008 .048 400
attitude,

4, Apply approprinte rudder pres. cY 486 383 1.000 000 .000 128
sure to maintain balanced fiight,

f. Soan ball for balanced flight, (4 464 364 H0D 046 ,048 A78

PHASE C « INITIATE AND MAINTAIN SPIN

Step 6. Apply Slight Right Rudder Prosaure,
Just Prior to tha S8tuff In Order To
Set The Alroraft in Unbolanced
Plight in the Direstion of Spin

a. Apply dight right rudduer pressure pe B1B6 140 217,100 674 ,300
to establish unbalanced flight to
the right,

? Step 7, Apply Full Right Rudder Pressure
Whan Aircraft Stalls

a, Apply tull right rudder pressure be 849 127 237 .24 508 681
to oatablish a spin o the right.
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Stop 8, Apply Fuil Ba.k Stick Prossure

o 4 25

;
K
i
1
i

a. Apply fuil back stick pressure to bc 801 119 726 268 518 718

astablish a preper nosw eititude
in the apin, i

+ ok i T
e
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Step H. Maintain 8pin Through First 360° i
Turn

a. Scan landmark for an indluation Ds BiI6 .060 271 B8B83 146 560

of the first 3680° turn,

b, Muintain fuli right rudder pres- cy 619 133 339 268 .303 800

ure 10 maintain & spin,

¢, Maintain full back stick pressure cp 0801 104 360,260 391 657

) to mulntain the proper nosy
i ¥ attitude In the spin,

il
R N E e A
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Step 10, Maintain Spin Through Second
3609 Tuwn

4 a. Scan nr the approach to the lund- D§ 784 092 263 653 .184 808
mark for #n indication of the

p sacond 3009 turn,

k b. Maintain full right rudder pres- cyY 808 183 278 259 ,403 6810
F sure to inaintain a spin.

" o, Maintain full kack stick prossure cp 049 .206 263 246 AN 861
to maintain the proper nose
attitude in the spin,
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Probabilities For

* Tk Brrcr  Error Per. Type of Brror Error
Desaription Activity | _FPreq _ sistence BAW - HOWK - PROC Critioality

PHASED - INITIATE 8PIN RECOVERY

Step 11, Apply Left Rudder Pressure To The
Neutral Position to Initiate Recovery
at the Complation of Two Turns

& Soan landmark for an indloation DS 732 A13 J04 493 203 808
of the second 3800 turn,

b, Apply appropriate left rudder DC 806 081 417 128 468 894
pressure to initiate spin recovery.

o

Step 12, Q'p I“Fomml Stick Pressure To
he Neutral Position

a. Apply sppropriate forward sle. pc 887 233 800 187 333 779
vator stick pressure to Initiate
it recovery.

Step 13, Roli Wings Level When Rotation Of
The Airaraft Has Consed

s Apply sppropriote ailaron stick CR N1 203 6090 203 .188 682
prassure to level wings.
k. Scai horison for wings lavel, CR 732 JA0e J04 141,108 563
¢, Apply sppropriste rudder pres. cyY 443 442 020 .024 048 163
|uvo !o maintain balsnced

flight
d. Scan bail for balanced flight, Y 423 380 828 100 078 22
PHASE & . iNITIATE CLINBING RECOVERY

Step 14, Ralse the Nose to the 100 Knot :
Climblng Attitude

& Apply smaoth buck elevator stick | CP 784 21 676 138 .189 839 .
pressurs to establish a 100 knot
olimbing nose ettitude, !

b Scn'n I:‘ovl:on for proper nose (o] 4 bis 240 883 271 148 300 }
attitude,

¢. Maintaln sppropriste alleron CR 484 200 818 001 001 378 i

stick preasure to maintain §

}

wings level,
d. Scan horizon for wings lovel, CR 474 196 791 118 083 320
¢. Maintsin sppropriate rudder cY A23 300 802 064 (B84 008
pressure to maintain balanged

flight,
f. Scan ball for balanced flight, cYy 443 812 821,128 081 083
9. Scan airspaed indicator for 140 DS 891 460 323 .388 .202 807
knots {or less)
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Step 18. Chaeck Oll Pressure Gauge to Insure
‘That the Pressure I3 Above Minimum
Indleation

a Sclln oll premsure gauge for indi- Ds 71 174 103 4566 441 a1
cation,

iy gt Fto o4 S ol

M

Step 16. Add Full Power to Commance A
Climb

a. Advance throttie full furward, (o4} 371 066 020 .267 714 300
b. Apply forward slevator stick cP 381 147 879 081 .030 176
pressure to maintsin proper nose
sttitude during power Increase,
[N ?‘om sirspoed Indicator for 100 cP 443 118 581 200 .,200 209
hots,
d. Son'n ?’ovlzon for proper nosa cP 488 149 702,181 108 277
attitude,
e, Trim nose down to relieve pres- cp A23 108 .878 .08 .024 122
sure on the slevator control.
f. Apply right rudder pressure to cy 6598 .259 897 082 .062 1886
maintain balanced flight during
power increasw,

o TP T A e R GRS

o A IV RAKLS  Tarls f0s wialK i




Probabitities Rur
iy *Taak Brror  Error Per- Type of Error Error
K Descripilion Activity Freq sistence BAW . HOWK - PROC Critioality
Step 18, Add Pull Power to Commaenve A
Climb (Continued)
g. Soan ball for balanced flight. cyY 818 240 780 160 .080 240
. Teim sppropriste rudder to (134 538 308 820 120 080 280
ullwolpnuuro on the rudder
2antrol,
I. Appily wepropriate alleron stick CR 227 048 500 .00 091 130
m'um to imaintain wings
avel,
., Soan horlzon for wings level, CR 237 043 887 #3000 A4
. Scan arsa for other airoreft, D8 818 200 120 780 100 800
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APPENDIX C
This Section contains the Foreword, Instructions, Biographiocal
Information and Muaneuver Presentation as outlined

in the Task Analysis Questionnaire,
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1, Foreword

There are certain T-34 maneuvers taught at VT-1 which continually give
students a great deal of trouble. On the basis of the number of Below Average
and Unsatisfactory ratings which VT-1 instructors have assigned to students over
the past couple of years, six maneuvers were selected which appeared to be most
critical within the primary training flight syllabus, For each of these six
maneuvers, a task analysis was compieted which attempted to define exactly what
the hand, foot, and eye are doing for each major step of the maneuver.,

The emphasis of this task aialysis questionnaire is on student error
isolation and classification, This questionnaire will provide information con-
cerning: (1) what types of errors students most often make; (2) frequency of
such errors; and (3) the length of time it usually requires for the student to cor-
rect such arrors,

The results of this investigation should be able to: (1) define student
flight characteristice or skills which are critical to each maneuver; (2) identify
th se student flight exrors which are continually performed by the students; (3)
develop remedial techniques to be used by the instructor which are based on a
student's typical and continuous {light errors; (4) standardize the meanings of
the terms Headwork, Basic Airwork, and Procedures; (5) establish a basis for
the development of a flight test battery which will be used for the prediction of
student flight ability prior to his arrival at VT-1,

The success of this effort will depend on the cooperation of instructors
responding to the following maneuver analysis, Hopefully, the final results will
provide a better training system for the student pilot and a training ald forr the
instructor,

2. Instructions

A. Fill in the Biographical Information on page iv.

B. This error analysis inventory is divided into six critical maneuvers.
They include: (1) Approach Turn Stall; (2) Spin; (3) High Altitude Eniergency;
(4) Slow Flight: (5) Standard Field Entry; and (6) Fu!ll “'lap Approach, Landing,
and Take-off. Of these maneuvers, two were selected for this initial investigation
(Maneuver I: Spin; Maneuver II: Full Flap Approach, Landing, Take-off) .
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C. Each maneuver has been broken down into a number of sequential
phases. In the inveniory, these are numbered 1, 2, 3, etc, Within each of
these phases are a number of scanning responses and control movements which
must be performed concurrently. These items are lettered a, b, ¢, etc. These
items comprise the basis for this error analysis inventory. An error for this
inventory is defined as a failure to successfully perform those concurrent
responses which are an essential part of each sequential phase. You are to rate
vach of these "potential" errors along six dimensions:

(1) First, does tha item truly represent a student error by the
average student at VT-1? If the item is a student error, check the first box and
proceed with ratings on the next three dimensions. If the item is_not a student
error, leave the first box blank (as well as the ratings on the three dimensiuns),
and proceed to the next item below.

(2) The first dimension concerns the hop number of which the
error ie normally corrected. If corrected on the introductory hops--that is, on
hops 4, 6, 6, or 7 ~- mark "I, Flights 8-12 are the last graded hops for the pre-
solo stage, while 14, 17, and 19 are the three graded hops for the precision stage.
Simply mark the hop on which the error is generally corrected.

(3) Categorize the error according to type. If the item were to be
graded by {tself, under which of the three listed items under "Type of Error"
would you place the error? Mark "B" if you feel it is a Basic Alrwork error, "H"
if it is a Hendwork error, or "P" if it is a Procedural -ror. Pick only one item,
If the urror falls under more than one type, pick the o 1e most commonly graded
cf the thres lypes.

(4) Rate the error as either critical or noncritical. Mark tne error
as critical or "C" if its occurrence (when taken by itself) seriously atfects the
performance of the entire maneuver, or if the item is an essential part of the
maneuver. In other words, does the student normally recsive a below average
or an unsatisfuctory grade for this orror? Mark non-critical or "NC" if the

-

opposite is true,
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3. Biographical Information

A, NAME SERVICE NO.

Last  First  Middie

o

SERVICE __ RANK NUMBER OF YEARS

(Navy, Marine, CG) IN SERVICE

B. INSTRUCTOR TRAINING EXPERIENCE g

INSTRUCTOR NUMBER MONTHS AT VT-1

NO. OF INSTRUCTIONAL HOURS _FLIGHT OR DEPT.

NO. OF STUDENTS COMPLETED

C. FLEET EXPERIENCE

SQUADRON NO. TYPE AIRCRAFT NUMBER OFF HOURS
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MANEUVER I SPIN (TO THE RIGHT)

A. Prior to Maneuver

B )

Q3

1, Scan altimeter for 4500' minimum altitude.
2. Perform stall checklist.
3. Report checklist complete und the quantity of fuel onboard.

4, Seleot a landmark to be used as a ruference for completed
turns during the spin,

5, 'Trim alrcraft,

8. Perform one level 45° clearing turn in either direction
for 509,

Maneuver (this material is presented In Appendix B, and contains
the 08 tusk elements given to the flight instructors in questionnaire
context)

Manauver Gompleted

1, Alrcraft is in a 100 knot climb,

2. Alrcraft is trimmed,

P Ry o W BT ISV O R R Y R O S T IR Y T Ve STV T R ARy TR T, NN T TETITO ST TR NI Y,
EE TR IR S S I . - et v 1t S -
4, Maneuver Presentation

o e e e



L3 TN T T L AN R AL AR T T R RN AR R LR AL OGRS TR RSSO LATN

V‘t:

B

NI T . e W T R A TSR . -
o L 1

APPENDIX D ’
This section contains an analysis of all task activities by sequential
steps within the Spin Maneuver l

_,: (41 activities/steps are listed) . | e,
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Probabllities Far

Brror  Error Pers. Type of Breor Brror
Description Froq  sistence BAW . HDWK . PROC Criticality
PHASE A - MANEUVER SET-UP IN CLEARING TURN
Step 1. Commaence a Sscond 489 Clearing Turn to the Right
a. Continuous control-pitch axis 807 330 907 .060 .028 ABS
b, Continuous contro!-roll axis J32 97 890 077 .033 169
¢, Continuous control.yaw axis 588 488 947 083 000 488
d. Discrete soan 742 083 200 .700 .100 361
Siep 2, Closs the Throttie After Commencing the Ssoond
Clesring Turn
s, Continuous control-yaw axis 877 367 520 088 .019 084
b, Discrete control 278 000 037 222 7141 290
Step 3. Maintain Seaond Clearing Turn to the 809
Position
a. Continuous gontrol-pitch axis 989 482 883 110 206 880
b, Continuous vontrol-rolt axis 8901 328 038 .088 .000 224
6. Continucus snntrol-yaw axis 538 481 018 .043 043 A36
d. Discrets scan 814 241 292 878 132 A8
PHASE B . MANEUVER SET-UP PRIOR TO STALL
Step 4. Roll W|n1| Level at the 900 Position of the
8scond Clearing Turn
a. Continuous gontrol-piteh axis 804 258 778 088 124 474
b, Continuous control-roll axis 423 122 £20 .040 ,040 468
¢, Continuous control-yaw axis .Bas 491 B34 044 022 A
Discreto scan 247 042 478 301 130 280
Step 8. Maintain the Nose 18° Above The Normal
Flight Attitude With the Wings Level
8, Continuous suntrolpitch axis 701 280 870 .070 .080 500
b, Continuous cantrol-roll axis 371 67 x48 036 018 104
¢, Continuous control-ysw axis 838 404 966 022 022 an
PHASE C - INITIATE AND MAINTAIN SPIN
Step 8. Apply Slight Right Rudder Pressure, Just Prior
to the Stall in Order to Set The Alrcruft in
Unbalanced Flight In tha Direction of 8pin
a. Discrate contro! 816 .080 217 100 674 360
Step 7. Apply Full Right Rudder Pressure When Alr-
cratt Stalls
a. Discrete control 649 083 237 .2B4 608 881
Step 8. Apply Full Back Stick Pressura
a, Discrete control 891 NA4b 226,268 .B18 718
Step 8. Muintain Spin Through First 380° Turn
a, Continuous gontrol-piteh axis 691 000 .389 .2680 .381 887
b, Cantinuous control.yaw axis 819 007 339 208 ,393 800
o, Discrete scan B16 020 271 B8B3 140 580
Step 10, Maintain 8pin Through Second 380° Turn
a. Continuous controt.pitch axis 848 A27 263 246 401 8681
b, Continuous control-yaw axis 808 088 278 260 463 810
¢, Discrete scan 184 082 263 583 .184 80%
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Probabilities Por | 5
HBeror  Krror Pare- Type of Brror Error o
Description Freq  sistence BAW . HOWK - PROC Criticality .
B
PHASE D - INITIATE 8PIN RECOVERY 3
Step 11, Apply Lett Rudder Pressure tu the Neutral Posi-
tion to luitiate Recovery at the Completion of 2
Two Turns B
a. Disorste scan 232 099 304 403 203 008
b. Dissrete control 808 081 417 128 488 004
i Step 12. Apply Forward Stick Pressure to the Neutral
?. Position
g a. Discrete vontrol 887 209 B00 167 333 J79
E Step 13. Rolt Wings Level When Rotation of the Aircraft
§ A Hus Comed l x
g‘: & Continuous vontrol-roil axis 870 168 087 1M1 AN 024 ‘
z b, Continuous control-yaw axis AQ4 422 378 081 081 78
K.
? PHASE K - INITIATE CLIMBING RECOVERY
g Step 14, Raise the Nose to the 100 Knot Climbing ‘ A
i Attitude E
¥ a Continuous controlpiteh axls 856 220 839 189 172 518 |
i h. Continuous control-roll axis .03 A7 808 103 092 AN 1 - 4
f; o. Continuous control-ysw axis 8 408 888 002 .0%3 102 i H
§ d. Disorate scan 691 236 323 388 292 8507 . s
2‘ Step 18, Check Oll Pressure Geuge to Insure That The i3
h Presaurs is Above Minimum Indication I
: s Diecrets scan R ZU RN 103 488 441 391 ;-" .
3 Step 18, Add Full Power to Commanue a Glimb '
% a, Centinuous control-pitsh axu 132 <11 780G 162 008 338 ‘
3 b, Continuous controi-roll axis a09 034 033 022 044 207 | Y
o, Cantinuous control-yaw axis 742 361 029 .108 083 280
. d. Discrete scan B18 200 420 .780 100 800
- ». Discrete cuntrol AN 028 020 287 M4 800 '
g
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