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ABSTRACT

Many aeronautical decision-making (ADM menonic-based nethods exist.
However, there is no enpirical research that suggests that they are actually
effective in inmproving decision-nmeking. Klein (1993), in his study of
naturalistic decision making suggested that the decision-nmaking process
centers around two processes; situation assessnment to generate a plausible
course of action and nental simulationto evaluate that course of action for
ri sk managenent. In this study a short, ADMtrai ni ng course was constructed
around t wo rmenoni ¢ met hods, SHOR (Stimuli, Hypot heses, Opti ons, and Response)
and DESI DE (Det ect, Esti mate, Set safety objectives, Identify, Do, Eval uate).

Forty-one pilots from the Republic of China Tactical Training Wng
participated: half received a short ADM training course and half did not.
After training, the procedural know edge underpinning their Situation
Assessnent and Ri sk Managenent ability, two skills essential for successful
deci si on- maki ng, were eval uat ed usi ng pencil and paper - based know edge tests
based upon several denmanding tactical flight situations. These scenarios
wer e designed to enconpass the six basic types of decision nmaki ng descri bed
by Orasanu (1993); go/ no go deci si ons; recognition-prinmed deci sions; response
sel ection decisions; resource nanagenent deci si ons; non-di agnostic
procedural decisions, and deci sions requiring creative problemsolving. The
results show gains attributable to the decision nmaking training course in
bot h situation assessnment and ri sk managenent skills. The results strongly
suggest that ADM is trainable and such a training course is effective in

i mprovi ng the bases of in-flight decision-nmaking.



I NTRODUCTI ON

Aeronautical decision-making (ADM) is defined by the FAA (1991) as 'a
systemati ¢ approach to the nental process used by aircraft pilots to
consistently determ ne the best course of action in response to a given set
of circunstances' (Hunter, 2003). Jensen (1995) defined pilot judgnent as
"the nental process that pilots use in naking decisions'. Both definitions
implicitly include both process and outcone. For military pilots operating
in a hostile environnment, the nornmal hazards of aviation are conpounded by
the eneny’s intent for the destruction of the aircraft. Fischer, Oasanu,
& Wch (1995) suggested that risk and ti me pressure are situational variabl es
that further constrain the decision process, as risk and tinme pressure my
call for animredi at e response whet her or not t he probl emwas ful | y under st ood.

Mnimal risk levels and fewer tinme constraints, in contrast, permt

addi ti onal diagnostic actions or the deliberation of options.

Klein (1993), in his study of naturalistic decision making suggested that
the decision-making process centers around two processes; situation
assessnment, which is used as a precursor to generate a plausible course of
action and nmental sinulation to evaluate that course of action for risk
managenent . If a pilot recognizes there is sufficient time for making
wi de-rangi ng consi derations, s/he will eval uate the dom nant response option
by conducting a nental simulation to see if it is likely to work. |If there
is not adequate tinme, the pilot will tend to inplenent the course of action

t hat experience (if any) dictates is the nost likely to be successful



Endsl ey (1997) defines situation awareness (SA) as ‘the perception of the
elenments in the environnent within a volume of tinme and space, the
conprehensi on of their nmeaning, and the projection of their status in the
future’. In the dynanic tactical environnent, effective decision-naking is
hi ghl y dependent on si tuati on awar eness whi ch has beenidentifiedasacritical
deci si on conponent (Endsley & Bolstad, 1994). Situation assessnment is the
process by which the state of situation awareness is achieved and is a
fundamental precursor to situati on awareness, which is itself the precursor

for all aspects of decision-making (Nobel, 1993; Prince & Sal as, 1997).

Jensen, Cuilke & Tigner (1997) suggested that risk managenent should be a
key part of the deci si on-maki ng process. Ri sk assessnent feeds i nto decision
making in two ways: during the assessnent of the precipitating threats and
in evaluating potential courses of action. Janis and Mann (1977) proposed
that a good decision-nmaking process is one in which the decision naker
successful ly acconplishes the collection of infornmation about a w de range
of alternatives, carefully assesses the risks and benefits of each course

of action, and prepares contingency plans for dealing with known ri sks.

Tactical flight training has many aspects that challenge the quality and
processes of pilots’ in-flight decision-making. |In addition to the tasks
and situations faced by the pilot of a civil aircraft, mlitary pilots nust
per forma w de range of other tasksinadditiontoflyingtheir aircraft safely.
Their primary task may be to intercept offensive aircraft or to deliver
weapons, troops or equiprment. Oten the act of flying the aircraft per se
in a hostile environnent becones a secondary task. As a result, mlitary

pilots nust | earnto nake decisions relatedto m ssion performance in addition



tothoserelatedtoflyingthe aircraft per se (Kaenpf & Orasanu, 1997). Flying
advanced fighter aircraft has nade increasi ng demands on pilots’ cognitive
abilities as the conplexity of cockpit systens and the tactical situation
has grown. There is now a requirenment for decision-nmaking training to be
i ncorporated into tactical training prograns (Li, Harris & Yu, 2005a).
Furt hernore, many accidents are either wholly or partially attributable to
poor deci sion-making (Li, Harris & Yu, 2005b). However, at the present tine,
there is little or no formal training available for mlitary pilots in the
ROC Air Force or el sewhere offering heuristics, procedures or advice about
maki ng ef fecti ve deci si ons under high pressureandinatinme-limted, tactical

situation.

Many researchers have suggested that ADMi s trai nabl e (Endsl ey, 1993; Kl ein,
1993 & 1997; Orasanu, 1993; Prince & Salas, 1997; Li & Harris, 2005). Buch
and Di ehl (1984) found that judgnment training produced significantly better
deci sions anmpbng civil aviation pilots. Connolly, Blackwell & Lester (1989)
observed t hat deci sion-making skills could be i nproved by the use of judgnent
training materials coupled with simul ator practice. However, Orasanu (1993)
suggested that generic training techniques to inprove all-purpose
deci si on-maki ng skil I s woul d not be successful. She suggested that different
conmponent skills were involved when meking six different basic types of
deci sions (go/no go decisions; recognition-primed decisions; response
sel ection decisions; resource nanagenent deci si ons; non-di agnostic

procedural decisions; and creative problemsolving).

There are a nunber of strategies enbodi ed i n menoni cs or acronyns descri bi ng

t he processes and procedures concerned with ADM These have been devel oped



i nrecent years by researchers and used by pil ots to support ADM* best practice’
(e.g. Wohl, 1981; Maher, 1989; Klein & Wods, 1993; Hormann, 1995; d daker,
1996; Jensen, 1997; David, 1997; Murray, 1997; Orasanu, 1997; Jensen & Hunter,
2002; O Hare, 2003). The common ai mof these techniques is to encourage a
systemati c approach to decision-making that shoul d be | ess affected by the
human nature and shoul d al so reduce the cognitive work for pilots (O Hare,
2003). However, there is a lack of hard enpirical research denobnstrating

the effectiveness of these ADM mmenoni ¢ net hods.

Li & Harris (2005) undertook a study to identify the best ADM nmenoni c- based
nmet hods for training mlitary pilot’s decision-nmaking. Fromthe results of
this study it was found that SHOR (Whl, 1981) was rated as being the best
ADMmmenonicintinme-limtedandcritical, urgent situations. DESIDE (Mrray
1997) was regarded as superior for know edge-based deci sions which required
nor e conprehensi ve consi derati ons but al so had nore tine avail able to do so.
The SHOR menoni ¢ (Whl, 1981) consists of four steps: Stinuli, Hypotheses,
Options, and Response. It was originally devel oped for use by U.S. Air Force
tactical command and control, where decisions were required under high
pressure and severe tine constraint. |In this situation, decisions require
near-real -time reactions involving threat warning, rescheduling and other
t ypes of dynam c nodi fication. The SHOR nmet hodol ogy i s basi cal | y an ext ensi on
of the stinulus-response paradigm of classical behavioral psychol ogy
devel oped to deal with two aspects of uncertainty in the decision-naking
process, information input uncertainty (which requires hypot hesis generation
and eval uation) followed by the evaluation of the consequences of actions,
whi ch creates the requirenent for option generation and eval uation. DESIDE

(Murray, 1997) was devel oped on a sanpl e of South African pilots and conpri ses



si x steps, Detect, Estinmate, Set safety objectives, Identify, Do, Eval uate.
The DESIDE method i s a practical applicationtoaidpilotsinmakingin-flight

deci sions adapted fromthe conflict-theory nodel of Janis and Mann (1977).

O Connor, Flin, Fletcher & Hensl ey (2002) descri bed several nethods for the
eval uation of CRM (Crew Resource Managenent) and ADM training, including
the use of sinulator/LOFT checks; self/peer/360 degree appraisals; the
assessnment of technical performance; the analysis of confidential reports
and the use of know edge assessnment tests. The standard nethod for the
assessnment of the know edge-based elenents is normally a pencil and paper
based test. This provides a reasonably quick and sinple way of eval uating
know edge acquisition. The follow ng study eval uates the effectiveness of
a short ADM training course delivered to ROC Air Force cadet pilots based
around t he SHOR and DESI DE ADMmenoni c- based net hods usi ng a penci | - and —paper
know edge based approach. The ADMtraini ng course (described in nore detail
inthe follow ng section) al so provi ded advi ce concerni ng whi ch ADM approach
was nost suitable in any given situation. It is argued that the decision
maki ng training program delivered requires assessnent in two aspects: the
act ual deci si on- maki ng perfornance of students on conpl etion of the training
and an assessnment of the process by which they arrive at their decision. In
t hi s paper enphasi s is placed onthe eval uati on of the pilots’ deci si on-nmaki ng
process and the quality of the decision based around the dinensions of
situation assessnent and ri sk managenent. The results of the product-based
nmeasures of the training program evaluated using decision scenarios
re-created in a full-flight sinmulator are reported el sewhere (Li, Harris &
Yu, 2005b; Li &Harris, under reviewa; Li and Harris, under reviewb). Wile

these simulator trials coul d assess the products of the ADMtrai ni ng program



in a time-pressured, real-time environnent they had severe limtations in
establishing if the processes taught within the training course were being
appl i ed appropriately, hence the requirenent for the know edge- based penci

and paper tests.

Furt hernore, when eval uating decision-nmaking efficacy, Baron and Hershey
(1988) suggested that the study of ‘outcones’ shows a tendency of people to
assess the correctness of their decision-making with regard to the outcone
of the decision. However, good deci sions can | ead to bad outcones (and vice
versa) especially when operating in a probabilistic environment, such as
avi ati on. Decisionnmakers cannot infallibly begradedbytheir results (Brown,
Kahr, & Peterson, 1974). A good deci si on cannot guarantee a good outcone.
Al in-flight decisions are made under uncertainty. Evaluating a decision
as good (or not) nust depend as rmuch on the st akes and t he processes enpl oyed,
not just sinply on the outcone. Hence, in this study the evaluation of the
ef fecti veness of deci sion-nakingtrainingis based aroundthe deci si on-maki ng
adjuncts of situation assessnment and ri sk nmanagenent neasures rather than

sinmply on assessing the outcones of the decisions nade.

Using Kirkpatrick's (1976, 1998) hierarchy for training evaluation, the
current study assesses t he product of thetraininginterventions at the second
| evel of evaluation (learning). The pencil-and-paper based eval uation of
t he ADMt r ai ni ng programdel i veredis specifically concernedw th establishing
if the participants have acquired the decisi on-naking procedural know edge
as aresult of attending the training course. It was hypothesized that the
provi sion of ADM training would produce superior situation assessnent and

ri sk managenent perfornmance (two key factors under pi nning effecti ve deci sion



making) in a range of in-flight decision-nmaking scenarios enconpassing

Orasanu’s (1993) six deci sion-naki ng categori es.

MVETHOD

Partici pants

Forty-One male participants from ROC Air Force Tactical Training Wngs
participated in the study. The flying experience of participants was bet ween
220 and 354 hours with an average of 292 hours. Participants were randomy
divided into two groups, 21 pilots in the experinental (trained) group and

20 pilots in the control (untrained) group.

The Contents of ADM Trai ni ng Prograns

The results froma previous study by Li and Harris (2005) found that just
two mmenoni c- based met hods provided a suitable basis for all aspects of ADM
training. These nethods enconpassed all the requirenents of the six basic
deci si on maki ng situations. SHOR (Whl, 1981) was regarded as bei ng t he best
for time-limted and urgent situations; DESIDE (Murray, 1997) was regarded
as being superior for guiding know edge-based decisions needing nore
conprehensi ve consideration. These two menoni ¢ nethods fornmed the basis
of the ADMtraining prograns. The objective of the training course was to

equi p trainees with the procedural know edge required to use these nethods.



The trai ni ng programcomenced wi t h anintroductionto ADMt heori es, incl udi ng
t he Recogni tion-Prinmed Deci si on Mbdel of Rapi d Deci si on Maki ng (Kl ei n, 1993);
The ARTFUL Deci si on Maker: A Franmewor k Model for Aeronautical Deci sion Maki ng
(O Hare, 1992); Conflict-theory Decision Maki ng Model (Janis & Mann, 1977);
a Model of Situation Awareness in Dynani c Deci sion-nmeki ng (Endsl ey, 1997);
and the Decision Process Mdel (Orasanu, 1995). This was followed by a
description of the content and nmet hod of application of the SHOR and DESI DE
ADM mmenoni c-based nethods. To optimze decision making training
ef fectiveness it was al so necessary to instruct pilots with regard to which

techni que was the nost appropriate to apply in any given circunstance.

Following this, participants underwent a period of supervised practice in
the classroomin the application of SHOR and DESIDE in flight situations
exenplifying the six basic types of decision nmaking scenario described by
Orasanu (1993). Finally, the application of ADMin military aviation was
descri bed and the participants who participated in the training course were

de- bri ef ed. The ADMt r ai ni ng programl ast ed approxi mately four hoursintotal.

Scenari os for the Assessnent of ADM Trai ning Effectiveness

To develop scenarios for assessing the effectiveness of the ADM training
i ntervention which corresponded to Orasanu’s (1993) six decision making
categories, six focus groups were conducted, one for each scenario. Each
focus group conpri sed one human factors speci ali st and t hree seni or i nstructor
pilots. The purpose of these focus groups was to verify that the scenarios
used in the pre-training and post-training evaluation of decision-nmaking
(which were devel oped from the ROCAF accidents and incidents database)

corresponded to the appropriate categories of decision-making and were of
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equivalent difficulty. Further details of the process validating the
sel ection of the scenarios for each generic decision type can be found in

Li & Harris (2005).

To negate practice effects, different (but equival ent) scenarios were used
i nthe eval uati ons pre- and post ADMtrai ni ng. These focus groups al so ensured
enough detail was avail able for pilots to be able to nmake a deci si on and hence
to eval uat e t hei r deci si on- naki ng performance. These scenari os devel oped were

as foll ows.

Go/ no go deci si on-maki ng scenario

Go/ no go deci si ons are nade under severetine pressure and i nvol ve consi derabl e
ri sk; the anount of thinking should be minimal. Orasanu (1993) suggests that
trai ni ng desi gn shoul d focus on devel opi ng perceptual patterns i n menory t hat
constitute the conditions for the required action. However, they should be
trained under realistic time pressure and the training scenarios should

i ncl ude additional contingencies that require nore conplex risk assessnent.

Pre-training scenario: F-5E No. 2 wingman has to nmake a decision as the
No. 1 (Leader) abandons atactical formation take-off at 145 knots.
Post -trai ning scenario: F-5E No. 2 wi ngman practicing tactical formation
training; during the take off run with the throttles increased
to maxi mum No. 1l (| eader) suddenly slants seriously towards the

No. 2.

10



In both the above scenarios the pilots had to make a deci sion under tine
pressure with high risk. The patterns of events needed to be recogni zed and
pre-set responses needed to be executed swiftly. The cognitive activities

required of the pilots were essentially perceptual and interpretive.

Recogni ti on-pri med deci si on- maki ng scenari o

Recogni tion-prinmed decisions are described by Oasanu (1993) as the
recognition of the situational patterns that serve as inputs to
condition-action rules, but which also require the decision naker to |learn

the response side of the rule and its link to that condition.

Pre-trainingscenario: F-5Eright enginefails as aresult of Foreign Object
Danage just as the nose gear |eaves the ground at a speed of 165
knot s.

Post-training scenario: F-5E solo, after taking off at 500 feet, pilot
hears two unusual sounds fromthe engines and feels the aircraft
shake. Engi ne exhaust gas tenperature is increased, and RPM

decr eased.

As noted earlier in the Introduction, K ein (1993) suggested that
recognition-prinmed decisions focuses on the two processes of situation
assessment and nental sinmulation. If thereis no tinme to nake a consi dered
response (as inthe case of both the above scenarios) the pilot will inplenent
the rule that experience has determined will be the nost likely to be
successful. These situations require nobre conscious cognitive processing

t han go/no go decisions (cf Reason’s rul e-based errors; Reason 1990).
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Response sel ecti on deci si on-nmaki ng scenario

Response sel ection decisions involve a single option that nmust be sel ected
froma set of possible options; pilots nmust identify the possible options
and evaluate them in terms of how well they satisfy the goals and neet
constraints. Often they nmust consi der trade-of fs anong conpeti ng goal s whi ch

are satisfied by different options.

Pre-training scenario: No. 4 wingnman in a tactical formation of F-5Es is
required to make a decision when No. 1 (Leader) becomes lost in
cloud during formation flight (3 feet distance between wing tips
of the four fighters).

Post-training scenario: F-5E | eader was mai ntaining | oose formation with
No. 2 onthe left, at 13,000 feet, the Gound I ntercept Controller
reports an unidentified aircraft at one o' clock and 5 nil es away.
At the sane time No.2 nmekes visual contact with an airliner in
front and head-on at 3 m |l es anay with sane al titude and approachi ng

fast (leader had no orders).

In both scenarios the wingman has to nake a decision to choose a response
to deal with an i npendi ng hazard. Al though these are not urgent situations,
pilots may perceive the potential risk in front of themto be very high and
choose an inappropriate course of action. However, once the nature of the
potential threat is identified there are detail ed procedures avail able from

their training of howto deal with the situation.
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Resour ce managenent deci si on-maki ng scenari o

Resource managenent decisions involve the relative priorities of various
tasks, especially critical ones. Skills relevant to this type of decision
include estimation of the tine required to conplete the various tasks

know edge of the interdependenci es anong tasks, and scheduling strategies.

Pre-training scenari o: F-5E | eader of 4 aircraft needs to nake a deci si on
for the No.3 and No. 4 aircraft when a ‘no joy' call (no visua
contact with No. 1 and No. 2) is nade and No. 2 calls ‘one opposi ng
target approaching on 12:30 o' clock with same altitude’. This
occurs during practice of a 2 versus 2 Ar Conbat Maneuver
engagenent .

Post-training scenario: Leader and No.2 are practicing basic fighting
maneuvers for a gunshot attack; the distance between No. 2 and
the leader is only 500 feet, the angle off is over 90 degrees.
The possibility of amd-air collisionis high; both aircraft are

at 480 knots and sane altitude.

Per haps t he nost critical issues for resource managenent deci si ons are setting
the priorities of the responses required to make and i npl enent a deci sion.
In the scenari os descri bed above the resource allocation problem changes
fromone of practicing basic fighting maneuvers to one of avoi ding acollision.
There are certain actions that nust be completed within a few seconds to
avoid amd-air crash and they nust be prioritized and undertakeninacertain
order, such as calling out to alert other traffic prior to clinbing or

descendi ng or changing direction.
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Non- di agnosti ¢ procedural deci sion-nmaking scenario

Non- di agnosti ¢ procedural decisions involve a nunber of cues falling into
a category with no prescribed response. The nature of the probl emis uncl ear
and nmany different types of anbiguous cues may also signal potentially
dangerous conditions. Orasanu (1993) suggests that training for this type
of deci sion should involve mainly situation assessnent and ri sk assessnent.

Cues that signal possible enmergencies need to be distinguished fromthose

t hat are troubl esone but not severe enoughto precipitate an energency | andi ng.

Pre-training scenari o: Both the | eader and wi ngnan i n a fornmati on of F-5Es
are unable to I and at hone-base in a ‘bingo’ (low fuel) situation
during instrunent flight in bad weather.

Post-trai ni ng scenario: Wien an F-5E is finishing Basic Fighting Maneuver
training, the Gound Intercept Controller reports that hone base
weat her is worsening. Surplus fuel is down to only 1,400 | b. The

pil ot asks for weather conditions at alternative airports.

In both the pre-test and post-test scenarios pilots had to evaluate the
strengt hs and weakness of usingalternativeairfieldsindeterioratingweather
ina ‘bingo fuel’ situation. There was no clearly defined ‘correct’ answer.
Al t hough t he nature of the i medi ate problemis clear (deteriorating weat her
at hone base) the problens i nposed by diverting to an alternate airfield are
uncl ear and devi ations fromthe optinal solution nay be required due to the

| ow fuel state.

14



Creative probl em sol vi ng deci si on-nmaki ng scenari o

Creative probl em sol vi ng deci si ons are t he nost conpl ex, as they i nvol ve both
di agnoses to determ ne the nature of the situation and response generation.

Pilots nmust determne what their goals are, develop a plan and candi date
strategies, and eval uate these strategies and acti ons based on projections

of likely outcones (Orasanu, 1993).

Pre-training scenario: Wen flying an F-5F both | eft and ri ght generators
warning |ights becone active during a tactical maneuver.
Post-training scenario: Wen lowering the landing gear while on the

down-wi nd leg the | anding gear shaft warning light illum nates,

i ndi cating the nose | andi ng gear is abnornal.

I n both the deci si on-nmaki ng scenari os presented, once the true nature of the
probl em has been deternmined (fromthe indications in the cockpit the pil ot
was only initially aware of the synptons of the problemin both cases, not
their ultimte cause) they woul d deterni ne that there were no reconmendati ons
in the SOPs/manuals for its resolution, hence a novel solution had to be

devel oped to address the situation.
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Procedure

Bot h experinental (trained) and control (untrained) groups undertook an

initial set of pencil and paper based eval uati ons where they were required
to descri be howthey woul d deal with each of the probl ens described i n above
pre-training decision making scenarios. These evaluations were sinmply in
the formof narrative-based reports describing the steps that they woul d take
when assessing their options and coming to a decision. After these initia
tests the experinmental group attended a four-hour ‘ ADMtraining Programfor
mlitary pilots’. The Control group had no such training. Both groups then

participated in a further set of pencil and paper eval uations.

To elinminate order effects, the six decision maki ng scenari os were present ed
inarandom zed order inboththe pre- and post-trainingtrials. The narrative
responses describing the process by which the participants would arrive at
their decision were evaluated by a flight instructor with regard to their

situation assessnent and ri sk nanagenent performance. These di mensi ons were
derived fromthe earlier study (Li and Harris, 2005) used to sel ect the npst
appropriate ADM trai ni ng menoni ¢ net hods. Each aspect of perfornmance was
rated using a nine-point Likert-type scale (with a high score of 9 and a | ow

score of 1).

To enhance the reliability of the measures, the same instructor eval uated
trai nee performance on all occasions. The instructor was trained by an

avi ation human factors specialist to evaluate performance in the required
manner. The narratives descri bing the deci si on naki ng process wer e anonym zed

bef ore being passed to the flight instructor, thus he was blind to the

16



experimental condition. Furthernore, the instructor took no part in

delivering any aspect of the aeronautical decision nmaking training course.

For the evaluation of both Situation Assessnment and Ri sk Managenent
performance in the narrative answers produced, a |list of key perfornmance
factors (taken fromthe training nanual s) was derived for each scenario.
The steps that shoul d be undertaken and sources of information that should
be interrogated in each circunstance were listed, these being factors
underlying Situation Assessnment performance in particular. Enphasis on the
ri sk managenment di nension was placed upon the generation and anal ysis of
options and the quality of reasoning underlying the pilot’s final decision

based specifically on the control of risk.

Et hi cal Approva

Thi s research program was approved by the Ethics conmttee of Cranfield

University. This comrittee operates to the principles prescribed by the

British Psychol ogical Society (the UK professional body for psychol ogi sts).
Partici pants were vol unteers and i nfornmed of the purpose of the study prior

to participating. Al data were collected anonynously.
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RESULTS

Dat a

The ADM deci si on nmaki ng process t hat each partici pant enpl oyed was eval uat ed
inall six scenariosinbothpre- and post ADMtraining. Intotal 492 narrative
responses were col |l ected, 246 prior to ADMtrai ni ng taki ng pl ace and t he sane
number after the training course had been delivered. Two hundred and fifty-two
trials were undertaken by t he experi mental group and 240 by the control group.

To re-iterate, the ADM processes described in the narratives produced by
the cadet pilots were rated on the dinensions of situation assessnent and

ri sk managemnent.

Go/ no go Deci si ons

Irrespective of experinmental group, there was no overall difference in
situation assessment performance between the pre- and post-test (Fy 3=1.214;
p=0.277). There was an effect approachi ng significance between the trained
and untrai ned group (Fy 30=3.277; p=0.078). The group that had recei ved ADM
training tended to outperformthe group that had not received training (table
1). The interaction term between the trained/untrained group and pre-
post-training was significant (F;39=4.355; p=0.043). The group that had
recei ved ADMtrai ning showed significantly greater gains in the second tri al
conpared to the untrained group. Overall, there was no difference on risk
managenent perfornmance between t he pre- and post-test (F1 3,=0.448; p=0.507).
There was al so no significant difference between the trained and untrai ned

group (Fy 39=2.207; p=0.145). However, there was an effect verging on
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significancewithregardtotheinteractiontermbetweenthetrained/ untrained
group and pre- post-training trial (F;3=3.266; p=0.078). The group that
had recei ved ADM trai ning showed sonewhat greater gains in risk nanagenent

performance during the second trial conpared to the untrai ned group.

Recogni ti on-Pri med Deci si ons

There was no difference in situation assessnment perfornmance between t he pre-
and post -test (Fy 39=0.927; p=0.342). There was al so no significant difference
bet ween t he trai ned and untrai ned group (Fy 39=1. 337; p=0.225). However, there
was a significant interaction effect between the trained/ untrained group and
pre- and post- ADMtraining trial (Fy3=9.555;, p=0.004). The group that had
received ADM training showed significantly greater gains in perfornmance in
the second trial conpared to the untrained group (table 2). There was no
significant difference in risk managenent perfornance between the pre- and
post -test (Fp 39=0.141; p=0.710). There was, however, an effect approaching
statistical significance with regard to pilots’ performance between the
trai ned and untrai ned group ( Fy 39=2. 900; p=0.097). The group that had recei ved
ADM training tended to performbetter than the group that had not received
traini ng. There was also an interaction term verging on significance
(Fy, 39=3.266; p=0.078). The group that received ADMtraining showed greater

gains in performance in the second trial conpared to the untrai ned group.
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Response Sel ecti on Deci si ons

There was an ef f ect approachi ng statistical significancewithregardto pilot
performance between the pre- and post-test on the dinmension of situation
assessnment (Fp 39=3.520; p=0.068). This suggested that pilots’ situation
assessnment was rated as having i nproved on the second trial regardless of
whet her they received training or not (see table 3). There was al so an effect
verging on statistical significance between the trained and untrai ned group
(F1 30=3.277; p=0.078). The group that had received ADMtraining tended to
out performthe group that had not recei ved trai ni ng. There was no significant
interaction effect (Fy 39=1.461; p=0.234). There was no si gnificant difference
on risk managenent performance between the pre- and post-test (F; 39=2.0641;
p=0.112). There was a result approaching statistical significance on risk
managenent perfornmance between the trained and untrai ned group (Fy 39=4.022;
p=0.052). The group that had recei ved ADMtraining tended to exhi bit better
performance than the group that had not received training. There was al so
a significant interaction term between the trained/untrained group and
pre-test post-test trial (Fp3=5.591; p=0.023). The group that had received
ADMt rai ni ng showed greater gains inrisk mnagenent perfornance inthe second

trial conmpared to the untrained group.
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Resour ce Managenent Deci sions

Therewas asignificant differenceinpilots’ situationassessnment perfornmance
bet ween the pre- and post-test (Fy39=4.914; p=0.033). Pilots’ performance
was superior onthe secondtrial (table 4). There was, however, no significance
bet ween the trai ned and untrai ned group (Fy 3=1.767; p=0.191) and there was
al so no significant interaction (Fy3=1.238; p=0.273). Overall, there was
an ef fect verging on significance in risk nanagenent performance between t he
pre- and post-test neasures (Fj 39=3.035; p=0.089). Pilots’ risk nmanagenent
performance was superior on the second trial. There was no significant
difference between the trained and untrained group (Fj 3=0.052; p=0.820)

and there was no significant interaction term (F; 3=2.247; p=0.142).

Non- di agnosti ¢ Procedural Decisions

Overall, there was no difference in situation assessnent perfornmance between
the pre- and post-test (Fjy3=1.007; p=0.322). There was an effect verging
on significance in performance between the trained and untrained group

(F1,39=3.593; p=0.065). The group that had received ADMtraining tended to
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outperformthe group that had not received training (table 5). There was
al so a significant interaction termbetween the trained/ untrai ned group and
pre-test/post-test trial (Fy39=19.540; p=0.000). The group that had received
ADM training showed significantly greater gains in situation assessnent
performance in the second trial. There was no significant difference inrisk
managenent perfornmance between the pre- and post-test (F; 39=0.067; p=0.797).

There was al so no significant difference between the trained and untrained
group (Fy 30=1.887; p=0.177). There was a result verging on significance in
t he i nteraction term between t he trai ned/ untrai ned group and
pre-test/post-test trial (Fy 3=3.266; p=0.078). The group that had received
ADMt rai ni ng showed greater gains in performance in the second trial conpared

to the untrai ned group.

Creative problemsolving

There was a significant differenceinsituati onassessnent performance between
t he pre- and post-test nmeasures (Fy 39=10. 320; p=0.003). It showed that pilots’
performance was better on the second trial than the first trial (table 6).

Ther e was no si gni fi cance bet ween t he trai ned and unt r ai ned gr oup ( Fy 30=0. 187;

p=0.668) and there was also no significant interaction term (Fy 3=2.393;

p=0. 130). There was a significant difference on the dinension of risk
management (Fp 39=5.885; p=0.020). It indicated the pilots’ performance on
ri sk managenent was superior on the second trial. There was no significant
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difference between the trained and untrai ned group (F; 39=0.162; p=0.690).
There was al so no significant interaction termbetween the trained/ untrained

group and trial (Fg3=2.509; p=0.121).

DI SCUSSI ON

Overall, the results show gai ns being nade i n terns of both the participants’
situation assessnment and ri sk managenent skills that are attributable to the
short decision making training course. Perhaps the nost direct indication
of the efficacy of the ADMtraining courseliesinthesignificant interaction
ef fects obtained. These interaction terms indicate disproportionate gains
in performance on the second trials (post ADMtraining) in the participant
group that received ADMinstruction. To sunmmarize, significant results (or
results approaching significance) were obtained showi ng inprovenments in
partici pant’s performance inthe scenari os concerned with go/no go deci si ons;
recognition-prinmed deci si ons, and non-di agnosti c procedural decisions. Wth
regard to risk managenent, significant results (or results verging on
significance) were observed in the go/no go decision making scenario;
recognition-prinmed decision naking scenario; response selection, and
non- di agnosti ¢ procedural decision naking scenario. These results are

sunmari zed in table 7.
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Even though every effort was nmade to ensure that the pre- and post-training
deci si on maki ng scenari os were of equivalent difficulty, inspection of the
results fromthe untrained group would suggest that in several cases the
post-test scenarios were actually slightly nmore difficult (see tables 1, 2
and 5). Nevertheless, inspite of this evidence that woul d suggest t hat these
post- training scenarios were nore difficult, the trained group still
general ly showed inprovenments in situation assessnment and risk nanagenent
performance (see the associated interaction terns). In all cases the

perfornmance of the group that received the ADMtraining course inproved.

For the evaluation of both Situation Assessnent and Ri sk Managenent

performance in the narrative answers produced, a. The steps that shoul d be
undertaken and sources of information that should be interrogated in each
circunstance were |l i sted, these bei ng factors underlying Situation Assessnent
performance in particular. Enphasis on the risk nanagenent di nension was
pl aced upon t he generati on and anal ysi s of opti ons andthe quality of reasoni ng
underlying the pilot’s final decision based specifically on the control of

risk.

The results obtai ned add support to the findings of earlier research (e.g.
Buch and Di ehl, 1984; Connol |y, Bl ackwel | &Lester, 1989; Endsl ey, 1993; Kl ein,
1993 &1997; Orasanu, 1993; Prince & Sal as, 1997) that suggested t hat ADMwas

trai nable. Orasanu (1993) advocated there was no evidence that generic
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training techniques to i nprove deci sion nmaking skills would be effective as
di fferent conponent skills were invol ved when nmaking di fferent basic types
of decisions. As aresult of this Li & Harris (2005) elicited the opinions
of alarge sanple of instructor pilots concerning the best ADMmenoni c- based
net hods for use in a variety of different types of flight situations. SHOR
(Wohl, 1981) was identified as potentially the best ADM menonic in a
time-limted situation; DESIDE (Murray, 1997) was rated as being superior
for nore conpl ex, know edge-based deci sions where nore tinme was avail abl e.
The results obtained in this study support the concl usions of the earlier
opi ni on survey. These deci si on maki ng menoni c- based net hods pronote better
ADM There is now enpirical evidence denonstrating that pilots trained in
the use of these techniques actually produce superior performance on two of
t he essenti al conponent s underlyi ng ADMf or at | east sone vari eti es of deci si on

maeki ng probl ens.

The datainthe narrati ve reports produced by the participants in each decision
maki ng scenari o suggested that the najority of pilots who had recei ved ADM
training applied the nost appropriate ADM menonic nmethod for a given
situation. The SHOR mmenonic tended to be applied in the go/no-go decision
maki ng scenario, recognition-prined decision-naking scenario and in the
response sel ecti on deci si on-maki ng situati on. DESIDE was nost commonl y used
in the renmining scenarios (resource nanagenent deci sions, non-diagnostic

procedural decisions and creative probl em solving).
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CONCLUSI ONS

Thi s research i nvestigated the efficacy of a short ADMtrai ni ng course using
two mmenoni c- based met hods (SHOR and DESIDE) to i nprove ROC Air Force pil ot
deci sion-nmaking in six different basic types of decision-making scenarios

The results from sinple paper-and-pencil based eval uations assessing the
know edge acquired show that such a short training course is generally
effectiveininproving pilots’ situation assessnent and ri sk managenent skill
(two under pi nning requirenments for effective deci sion-naking) in a range of
deci si on- maki ng situations. Conplenentary research undertaken in a flight
si mul ator has al so shown behavioral gains in decision maki ng by those who
underwent the training course (Li & Harris, 2006; Li & Harris, under review
a; Li and Harris, under review b). These conplinmentary behavioral gains
further establish the validity of the use of pencil and paper based tests
to evaluate the ADM training course. They provide convergent evidence to
support the efficacy of the decision making training program However, the
| onger-term effectiveness of such courses needs evaluation to see if it
translates into inproved decision-nmaking behavior during day-to-day
operations which, ultimately alsoresultsinareductioninthe accident rate
attributabl e to poor decision-meking. By necessity, the initial evaluations
of the training programfocused upon ‘ problen situations where pilots were
required to nmake a satisfactory decision to avoid a potential accident.
Further research is required to establish if the ADM princi pl es conveyed in
t he traini ng course are equal | y as successful i nl ower workl oad, | ess pressured
deci si on naki ng situations. Neverthel ess, this sinple, short, cost-effective
trai ni ng programinthe appropri ate use of ADMmmenoni ¢ net hods can potential ly

produce significant gains in flight safety. Such a course may easily be
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integrated into the existing CRM and/or sinulator-based training prograns
currently undertaken by cadet pilots inthe ROCAir Force. Furthernore, there
i s noreason why a nodi fied versi on of the ADMtraini ng course devi sed shoul d

not be equally as successful in a civil aviation training organization.
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Table 1

Go/ no go deci sions
g & oup N VBan St andard
devi ati on
. . Tr ai ned 21 5.38 1.20
Si tuati on
assessnment | prg_test Unt r ai ned 20 | 5.25 1.74
Tr ai ned 21 6. 19 0.98
Post -t est Unt r ai ned 20 5.00 1. 65
) Tr ai ned 21 5.57 1.08
Ri sk
Mmanagement | pr gt est Unt r ai ned 20 | 5.30 1.53
Tr ai ned 21 5.95 1. 07
Post -t est Unt r ai ned 20 5. 05 1.23

Table 1 Means and Standard Devi ations in performance scores in the Go/no go
bot h
trai ned/ untrai ned) on the neasures of situation

deci si on-maki ng scenari o, broken down by main effects

(pre-test/post-test:
awar eness and ri sk nanagenent
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Table 2

Recogni ti on-pri nmed St andar d
o G oup N Mean
deci si ons o
devi ati on
. . Tr ai ned 21 5.43 1.12
Si tuati on
assessment | pro_tagt Unt r ai ned 20 5.55 1.23
Tr ai ned 21 6. 10 0.94
Post - t est Unt r ai ned 20 5.20 1.44
) Tr ai ned 21 5.29 1.19
Ri sk
managenent | pre.test | Untrained | 20 5. 30 1.13
Tr ai ned 21 5. 86 0.73
Post - t est Unt r ai ned 20 4,95 1.19

Table 2 Means and Standard Devi ations

in perfornmance scores

in the

Recogni tion-prinmed deci sions scenari o, broken down by both nain

effects (pre-test/post-test: trained/ untrained) on the neasures

of situation awareness and risk nmanagenent
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Table 3

Response sel ection St andar d
. G oup N Mean
deci si ons o
devi ati on
. . Tr ai ned 21 5.14 1.46
Situation
assessment | pro test | Untrained | 20 4.75 1.55
Tr ai ned 21 5.90 0.99
Post -t est Untr ai ned 20 4.90 1.78
) Trai ned 21 4. 86 1.01
Ri sk
management | pro_test | Untrained | 20 4. 85 0.99
Tr ai ned 21 5.67 0. 86
Post -t est Unt r ai ned 20 4.70 1.17
Table 3 Means and Standard Deviations in perfornance scores

in the

response sel ection deci sions scenari o, broken down by both main

effects (pre-test/post-test: trai ned/untrained) on the neasures

of situation awareness and ri sk managenent.
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Table 4

Resour ce managenent St andar d
. G oup N Mean

deci si ons o

devi ation
. . Trai ned 21 4,95 1.56

Situation
assessment | pre test | Untrained | 20 4. 80 1.32
Trai ned 21 5. 86 1.15
Post -t est Unt r ai ned 20 5.10 1.51
Tr ai ned 21 4. 71 1.19
Ri sk '
MNagement | pre.test | Untrained | 20 | 4.95 1. 00
Tr ai ned 21 5. 38 1.07
Post -t est Unt r ai ned 20 5.00 1.52
Table 4 Means and Standard Deviations in perfornmance scores in the

resource managenent deci si on scenari o, broken down by both main
effects (pre-test/post-test: trained/ untrai ned) on the nmeasures
of situation awareness and risk managenent.
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Table 5

Non- di agnostic St andar d
. G oup N Mean
procedur al deci sions o
devi ati on
. . Tr ai ned 21 5.00 1.30
Si tuation Pre-test
assessment Untrained | 20 | 5.30 1.22
Tr ai ned 21 6.19 1.12
Post -t est
Untrai ned 20 4.55 1.64
Ri sk Pre-t est Tr ai ned 21 4,95 1.16
management Untrai ned 20 5.25 1. 07
Tr ai ned 21 5.71 0. 96
Post -t est
Untrai ned 20 4. 60 1. 47
Table 5 Means and Standard Deviations in perfornance scores

non- di agnosti ¢ procedura

in the

deci si on- nmaki ng scenari o, broken down

by both main effects (pre-test/post-test: trained/untrained) on

the neasures of situation awareness and ri sk managenent.
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Table 6

Creative St andar d
. G oup N Mean
pr obl em sol vi ng o
devi ati on
. . Tr ai ned 21 4. 71 1.35
Situation
assessment | pro test | Untrained | 20 4.90 1.48
Tr ai ned 21 5 .71 1.01
Post - t est Unt r ai ned 20 5.25 1.02
) Tr ai ned 21 4. 71 1.35
Ri sk
managenent | pre test | Untrained | 20 4. 95 1.76
Tr ai ned 21 5.67 0.97
Post - t est Unt r ai ned 20 5.15 1.23
Table 6 Means and Standard Deviations in perfornance scores in the

Creative problemsolving scenario, broken down by both nain
effects (pre-test/post-test: trai ned/ untrained) on the neasures
of situation awareness and ri sk nanagenent
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Table 7

Si x baslc types of | Dnensions | Main effect M n ef f ect I nteraction
deci si on- naki ng of of
. of effects
eval uation | before/after . .
gy trai ned/ untrai ned
training
SA S v
Go/ no go
deci si ons RM o
Recogni ti on- SA v
pri med deci si ons
RM S &
SA & S
Response
sel ection RM o v
deci si ons
Resour ce SA v
managemnent
deci si ons RM o
Non- di aghosti c SA & v
procedura
deci si ons RM &
Creative SA v
pr obl em sol vi ng
RM v

Tabl e 7 The summary of main effects and i nteracti on effects of paper-penci
trials on both dinmensions of situation assessnent and risk
managenent across si x basic types of decision-nmaking scenarios

Note: © indicates a result approaching significance (p<0.10);
v Indicates a significant result (p<0.05);
SA = Situation Assessment; RME Ri sk Managenent.
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