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~^^: New Measures of Complex Cognitive AbiUties: Relatmg Memory Proeesses to Aviat.on 

Flight Situation Awareness Abilities 

AWARD PERIOD: 26 November 2001- 30 June 2003 

OR.1RCTIVE: 

The purpose ofth.sresearehwasb.hap,red.d^^^^^^^ 

develop new tests of eognitive abilities ^^^^J^^'J^J ^^^^^^^^^ ability, and to give the new 
pei-formanee, to relate the new measur s ^"^^^^ ^^^^^^^ tools. This research also sought to 
Lasures to the Navy for further -^^^fj" ^^^^^^^^   ^ S SA abilities. By improving sueh 

be enlranced. 

Fromatheoretiealperspeet.e,thisr..2^d.signed^ 

abilities required to gam and ^^^^"tain flight SA and "^^° ^^ J    ? ^^^^^^ ^^^ ^  Uot 
SA eonstmct. In addition we mtended to ^^l'^''^^'^^^^^^ Z of internal and external 
WM, LTWM, and flight SA ^^^^f^^-^g^^^^ ;^^^^^^^^^ supposed to be aeeomplished dunng 

:Sa"dtTthe7"ui^^^^^^^^^ 
meant the additional goals could not be addressed. 

Background 

,      .. r.nnritv Working memory (WM), defined as a limited, temporary store for processing 
Worhng Memory ^f "^^ ,^°f'f ^Tw^ has been studied extensively in various cognitive tasks, and stormg information (Baddeley & ^itct^ ly/4J ^^ ^^^ ^^^^p^^^ 

individual ^iiff-n^^^^^^^^^^^^^ comprehension. Once an individual's 
Just and Carpenter ( 992) proposeo mat w i      P    J j. ^      j   ability to use and retam 
WM capacity is reached the lack "^ ^^ '^^^.J^^^^^^^^^^^^ obtained information, resulting in 
new infomation, as well as mtemiediate pioducts f'"^^ J^J^ ^^^v in performing additional 
decreased comprehension. Further ---!;^>J|f|7^^^^^^^ 
cognitive tasks, such as spa^aW^^^^^^^ S omXrS'solving (e'g., Anderson & Jeffries, 
directions (Engle, Carullo, & ^°"'";' ;;^'^''"?^^       19/2- Doane, Sohn, McNamara, & Adams, 2000; 

etvtdl M^; a'flxed capacity'although individuals differ in tlreir capacities; and an individual s WM 

capacity remains stable over time (e.g., Baddeley & Hitch, 1974). 

,.     .,, T T\v\/i i = a tbeoi-v of a memory process that explains how individuals can 
Long-Term Worlang Memory. ™ is a * °^^^^^^^ ^^^^ J^ ^^^^^^^ I956). m LTWM 
extend WM capacity well beyond the proposed s^^^^s" P^^s °i m individual ability to 
d.eoiT, domain-specific knowledge and -^g^^ ^^ ^^^^^^^^^ "as ly a-essible retrieval structures 
encodemfon.afion^-'^^'^-^;^^'^;^^^^ l anorganizafionof meaningfiildata 
efficieivtly^ "^^ thaSa  b ZlV^l nfo^Ition into and retrieve information from LTM -^;^?srr^fai«.s^^^ 



indices change dynamically as a fonction of the task at hand and the indw.dual's expert.se for that 

particular task. 

«»,, *<».»«.- The »„, si«.ion awareness (^;:\^^^''^;^:'^X^Z:^:1, as a 
militarv aviation domains because of ns proniment role in flight »f ■«<™""3, It Prince 1991^ 
Lin,e.„se.n-,tJ..v.a.» 

SA has been "'""J.^^.^e   ™'^ ^^^^^^ aefinitions can be incorporated into Endsley's 
performance error. Although there is no consensus separate levels of SA. Level 1 
(1995, 2000) information processmg -»«■.'» f °*'»fJ™"'""" ^ *"fs fte ability to comprehend the 
L involves the P"C-ng 0^^^^^^^^^^^^^^ ^^r^»* inXid«afbWo«»d ^^^^^^^^^^  and 
rorStE.i.'eX»> SXl",, to use the si.ation model created in Level 2 .0 predict 

the future status of the system. 

APPROACH: 

The focus of this research »as on »ff" "fSi^Stret^t^S sfSfo^^^ 
infonnation. the "«*"™X*  "* ^^^^^^^^^^^ P^cessing approach was 

^:::°:Z^:S^^^^^»'^r«,^^'y and mng-te™ worMng memo, skills 
influence pilot flight SA perfonnance as a function of expertise. 

r- • „ ^f ^x/A/r T TWM and flieht SA, and running private and military 
The first year was spent refinmg ^-«; ^H L™^^^^^d^^ differences in cognitive 
novice and expert pilots m an ^^Pf ^^^."^^.^^^I^'^J^j!;' collected from 52 Navy student and instructor 

three new measures of flight SA ability, respectively - were not addressed. 

^. 1 ^^.im, ^.HHrpqqed the first-vear goal of refining measures of WM, LTWM, and 
A three-phase experimenta ^^^'^^^^'^^'^^^^ the following questions: (a) Does 

description of each of the experiments. 

s;ri«and::SwM<shaW^ 
indicator displays posmoned m different flight orientations (see Hgme ^ ,^^ P^ J ^^^^^ ^^ ^^^^^^ ^^^ 

pitched up or down. Pilots were asked to 
remember the orientation of tlie horizon 
line displayed on the attitude indicator and 
the number below the attitude indicator (see 
Figure lb). Pilots first viewed a series of 
two attitude indicators for five trials and 
progressed through a series length of three 

33 33 and four, each containing five trials. 
Figure 1 (a) Pitched down attitude hidicator. (b) Pitched up 
attimde indicator that depicts the direction the horizon is 
pointing towards. 



T    cc,>« I TWM skill a domain-specific piloting task similar to chess experiments 
LTWA^^^ess,ne,.^o^^.VT^M ^^^ ^ ^^.^ ^.^ p,,,, simultaneously viewed two 
(e.g., Charness, 1976 dcCi cot,   ^03  wa. i ^^^^       half of the screen, with the 
cockpits for 40 seconds (see Figuic 2a-b). ^-^ cockpit app P ^^^^^^^^ ^ 

second cockpit displayed directly below the '^^^^^^^^^^^^ 'o^eco^ds, starting from the presented 
number and asked the pilot to coun backwa. ^ ;' ^ ' ^^^J ^^^^^^^^^^^ p,„;,pted the pilots to recall the 
number. After counting backwards by ^^^ o"! bottom cockpit- Pilots used a sheet of paper 

:r-m^s^™i;:tSsr^^^^ 
instrument. _ 

In six of the trials, the two cockpits were 
related. That is, the bottom cockpit 
represented the future state of the aircraft 5 to 
10 seconds after applying one or two control 
movements to the top cockpit (see Figure 2a). 
Three trials consisted of two unrelated 
cockpits; both depicting nonmeaningful flight 
configurations (see Figure 3a-b). Use of both 
meaningful and nonmeaningful situations 
allowed us to differentiate between retrieval 
originating from the use of LTWM retrieval 
staictures and retrieval originating from the 
use of STM, respectively. Because WM 
capacity is thought to be temporary and 
limited in size, counting backwards by three 
from a given number requires processing and 
storage that use WM processes; thus, WM 
capacity could not account for pilot ability to 
recall cockpit information. 

Fioure 2 (a) Meaninsful starting flight situation, (b) 
Meaningful future status after a control movement is 

executed. 
Situation Awareness. In order to assess SA, 
we developed trials consisting of a series of 
four screens that depicted a desired flight 
status, a current flight situation (cockpit 1), 
questions about methods to achieve the 
desired status (control movement selection), a 
future flight situation intennediate to the 
desired statas (cockpit 2), and one of two 
types of mquiries about a change in flight 
status. Figure 4 provides the names of each 
screen and a schematic of a trial. The first 
screen contained a text description of a 
desired heading, altitude, and airspeed, as 
well as a flight situation. Pilots were asked to 
assess the flight situation and the desired 
flight status specified in the goal statement, 
and to detennine the flight control 
movements required to reach the goal. After 
selecting the control movement(s), pilots 
clicked "Next" to view the third screen 
(cockpit 2). The third screen depicted a futare 

,  .       }f.A frnm thp nnnlication of 1 or 2 control movements to the starting situation 
fl.ght situation tha resulted f.°"V 1?'^ ine^ cocl nit 2 accurately depicted a flight situation that would (cockpit 1). The pilots'task was to dete.mmecoclp^^^^^^^^ 

.each the goal described m ^^l^^^^'^fS'^ Lided that the flight situation 
fljrrUt Tlip fmirth screen varied witn tlie piiois icspuiisc. n ui^^^ .     ^.     , ^„s TX-^U^^ 

tSi.^^u!i^..ch the goal, they were asked a question about the starting sihiation .screen 4a). If the 

Figure ^ (a) Nonmeaningful starting situalion. (b) Non- 
meaningful future status (instruments are in conflict in both 

casesV 



Ahspeed: 105kt 
Heading; 180° 
Altitude: 3430 fl 
(Cockpit 1) 

Control Movement Selection 
(Cockpit 2) 

::onsistency 

Airipeed   Attitude   Aitimeier tach 

Tutn Cooed OG VSl 

1   ■» „.,^ II,. ami rfntpinent chooses the controls to reach tlie goal, views 

d,sphyed dter a'eo„si.ten. or mconsister,! judgment, respectively^ 

pUots decided that the flight situation (coekpit 2) would not reach the goal, they were asked to identify the 
instruments inconsistent with obtaining the goal (screen 4b). 

Arr.OMPLISHMENTS (throughout award period): 

,„div,dua,differences™ f^gWAp^^^^^^^^^ 

experiments can be found in tlie Approacl, section of tins report. 

purchase special licenses for off-site equipment. 

nllpnted from 52 U S Navy student and instructor pilots (Whiting Field in Milton, FL) and 25 
pSoTaltS arDSU^Na^; pit data were collected by Ltjg. Fatolitis, USN (NAMRL). 

Data from the WM capacity, LTWM skill, and SA experiments wei-e analyzed as a function of expertise. 
Setaillof the analyses can be found in the Conclusions section of this report. 

CONCLUSIONS: 

n      f the .o.ls of this research was to understand the cognitive abilities required to build and maintain 
°<L;rsitt:;.r.sn„po«.o.^^ 

meSes, sugsestinB that LTWM sltill and WM capacity coexist. In addition, m the LTWM 



l-ApL-rt 

0.2 0.3 0.4 0.5 O.Ci 

LTO'^'I Skill Score 

Figure 5. Sciisitivit>' (d') as a function ofLTWM skill 

for expert pilots. 

oil 0.2 "a o-i 

Perccnl of trials containing a substitution of control movement 

Figure 6 Relation of working memorj' eapacity to the percentage 
oftrials containing a substitution of a required control movement 

for novice pilots. 

•      . .vn.rt nilots were better able to recall meanitigful situations compared to novices This is 

SC" t„S":?e l.l.er. bo* WM cap.ci., and LTWM skill should h.™ b«„ .qudly 

predictive. 

Oive„ .he e.ld=„ce ,,,a, WM capac.^ and l^rWM s^ c«»,s,.s «^^^^^^^^^^ 

"T™ *' td ™1a:.* pT °cE^^^^ e™ Thui onr ,e-s su'ggos, ,ha, bo,h 
CrS-™WM  1 iS S^^^^^^» fc development of SA, b„. their roles differ as a ftnct.on 
r,::Slerana,ses„f«.r.*„f.h^^^^^^^^^^ 

::Sl™rxX^aVen   'did^L^^^^^^^^^^ 
airciatt, wlieieas ^J^Pf^   J^l^       J ^    ^ g^ ^ perception of cues m the environment, 2) 

55EES=er-="-S3^^ 
2^ A?ta^s tadSn, tl.e findings suggested that it may be possible to predict Level 3 SA failures for 
Mwd on the r action plamlng. One mtei-pretation of tliese results is that novice and expert pilots 

XaSLnTunS^^^^ 
planning does not. 

In summary, it appears that both WM capacity 
and LTWM skill have the potential to identify 
individuals who are more likely to obtain 
adequate levels of SA. In addition, because WM 
capacity predicted novice action plan eiTors, it 
may be possible to facilitate training and 
performance by designing systems that support 
minimal WM demands. With respect to LTWM 
skill, it may be possible to train for better 
organizational skills. One possible test is to see 
how well individuals organize common material. 
People with better organizational skills may be 
more likely to develop retrieval structures that 
will facilitate building and maintaining adequate 
SA. 

incorrect 

Figure 7. Accuracy of future judgments based on 
selecting the correct versus incoirect (adequate 
vs. inadequate SA) controls as a function of 
expertise. 



C^TPTNTFTCANCE: 

In the 21st century Navy aviators will be asked to perform tasks in more complex and dynamically 
c^ilnirenv^^^^^       than ever before in order to meet operational reqmrements (NPRST Sailor 21 
to^ZrUm^^nt and future Navy aviation jobs demand the ability to build and maintain awareness 
oraTvnliraly changing flight situation based on information presented m visual cockpit displays. For 

^r^T^CanZol must perceive and comprehend indications of their aircraft status, such as airspeed, 
reS^ r Se t "^^^^^ to adneve and to Lmtor progress toward flight goals. The ability to monitor 
ttmS P   fo™ actions, and comprehend a dynamically changing situation is required m many Navy 
S b^ ii andTa For example, ah traffic controllers, tactical coordinators, and submarme and ship 
Ipittmust bund and man Jn awareness of their operational situations. Thus, situation awareness 

abilities enable sailors to perform in abroad range of Navy jobs. 

Fach of the Navy jobs described above requires high situation awareness abilities (Endsley, 1995, 2000), 
!nd ece«2^:h suggests that individual differences in cognitive abilities predict flight s.taation 
la en     perf™nce (e.g., Sohn & Doane, 2003). Identifying recruits with the cognitive abilities that 
emrh gh Son awareness perfon.ance would facilitate their selection and classification into these 
rcSpafions and others in which successfiil performance depends on situation awareness skills (Alderton, 

1989; Sohn & Doane). 

The focus of this research was on developmg new measures of three components of cognitive abilities that 
have b en shown to support task perfomance on flight situation awareness tasks Sohn & Doane 2003), 
rrkhg m™ capacTty (e.g., Daneman & Carpenter, 1980; Just & Catpenter, 1992; Shah & Miyake, 
7996   foiTten? working memory skills (e.g., Ericsson & Delaney, 1999; Ericsson & Kmtsch 1995; 
Sh 1998   and the ability to reason about sequence-dependent events or "event reasonmg"(Doane & 
ShnloOl Durso & Gronlund, 1999). Computer administered tests were developed for each processing 
L It; and wei^^^^^^^  for their predictive validity for flight simation awareness task performance. Thus, 
tt KeaTgoal of providing new measures of flight situation awareness abilities and rela mg them to 
atefl   mmg^^^^^ performance was achieved. Unfortunately, because of a lack of fiinding, fee measures 
wi nTfurther developed, and the impact of stress on these measures was not examined. Therefore, we 
we   ^nabkto improve upmi situation awareness ability assessment, and we were unable to provide new 
Id u™M classification tools that would benefit a broad spectmm of Navy jobs that require situation 

awareness abilities. 
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