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TRAINEE AND INSTRUCTOR TASK QUANTIFICATION: 
DEVELOPMENT OF QUANTITATIVE INDICES 

AND A PREDICTIVE METHODOLOGY 

ABSTRACT 

An exploratory study was undertaken, as part of a program to 
develop quantitative techniques for prescribing the design and 
use of training systems. As a first step in this program, the 
present study attempted to: (l) compile an initial set of 
quantitative indices, (2) determine whether these indices could 
be used to describe a sample of trainee tasks and differentiate 
among them, (3) develop a predictive methodology based upon the 
indices, and (4) assess that methodology. 

The compilation included the Display-Evaluative Index, a set 
of panel lay-out indices, and a set of task rating scales. 
These indices were applied to task analytic data, collected on 
sonar operator trainers at Fleet Sonar School, Key West, 
Florida. Application of the indices proved feasible, and 
differentiation among three training devices, and within four 
trainee sub-tasks (set-up, detection, localization, classifi- 
cation) was possible. 

The predictive method which was generated was an adaptation 
of the standard multiple regression model. Mean task scores 
replaced the usual individual criterion scores, and quantita- 
tive task index values were used as predictor scores. This 
adaptation was tested using data from published studies on 
tracking. Significant multiple correlations using task 
indices were found for criterion data obtained during early 
stages of practice. This result supported the contention 
that a prescriptive method must include training as well as 
task indices in order to account for advanced levels of pro- 
ficiency. A combination of task and training indices did 

predict later performance. 

More generally, the results support the soundness of the task 
characteristic approach underlying the broader program. A 
major conclusion was that further development of the quantita- 
tive task-analytic methodology is warranted and would be 
fruitful. 
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INTRODUCTION 

, «•   'i 

The prediction 01' huj.ian pcr'l'or'niance if '"drhly i/i.K .;■'■' 
information processanr roqui roriont:;. ctrc.::; ■■>: i -^ 
Lack to ta;;k. Altr:Ourh cor.]'.: ci' iho. ck'i'vi'r.o.'i;:'.:! i 
create euch dirforencos avo i-movm, qna.n;i'.'.t•''.'•(; ' Mi;; ■■'■:; of : 
teristics for use in prenictinr tliose diiTnr^ricr;; in iiuman i 
are generally lacking, especially vdth respect to t!-:e ;"o:lnt 
of several task characteristic: .•:.: found "In oirplex rdlit'irn 
Without quantitative information rolatinr .rman performanco 
characteristics, such thinrs as t:.e :?.;;■ cn^oc1;: performance 
the trainee's learning rate in a new trainer are difficult ' 
until that trainer is operative. 

: or. 
'■■iv. 

PURPOSE 

The objective of this research prv'eci is to develop quant 
indices of the characteristics of instructors' and trainees' •. 
that the effectiveness of a r'iver amount ^nd tyr- of trainj.nr 
given task can be predicted. The results of this ivseareh sh'N 

to greater accuracy in establish? n.r the human performance reo" 
in a training system, greater accuracy in human factors design 
recommendations, and impi-ovee instructor station design. 

n 
1c le-i.c 
1 V r-]l ;)-i -  ■ 

In the first phase of this research pco,:ect—whicti this 
report descrilies—the objective vas to develop :.. method for 
the tasks involved in training device si tun4 ions, utiiiriri;" 
and techniques previous];/ dovel'ij>ed anc i'^io.'l.cd in the Lv 

ACCOMPLISI-KEIfrS 

The objective of the first phase v;as ;tccomrlishcd very s- 

The initial set of quantitative :ndices VKIS tcs^.ed for its f 
in describing the trainee tasks ^n three s.Tiar op-^rntor trai" 
Feasibilit.y was demonstrated. 

ullv 

Further, the feasibility of using quantitative task chara» 
indices to predict perfoi-mance was tested ry d. 
of trackinr tasks appearing i ri ":■,■ ezperi: i1 n.ta] 
trackinr pcrformancn, 

'J San"   l.: 

tt raturc 
ara' 

The successes obtained in this firs', ghnsc i'einf."or,'' th' 
to continue the attempt to d'.'Vulop quant:'!;!/ ; ve rsoti ] ■-;■ j.:' 
device tasks and to predict  p-rformancf  i'm1;. srvn:  .  ■„«fjlts. 

PUNS 

The planned next step is to apply ouanti.t 
and instructor' tasks of actual t^aininr divlc 
performance in those si.tuations. 

' ri(l 
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I   ii   I vi Dniuir ■ i 

Ono of the rmst fli'Tiru't ip:! ■or;",I. x ^ 

vidunls rr-spoiisiMe 'OT :• lit II;- V'■ i''i i':'■, ' 

mcnt of effective trninins; ;:\-s'"iv!s . U'ooii* rJ 

systems arc students hiin ]:\cV --p'T i''; c Kn.'v.l<- 

students proj^ross thrnui'.h llv .■■■■■:■•(■■, ihey ar 

of new situations, and th-our'i \<r:'•' <^ :\rc a 

to develop and refine nev,  skill;-.     ':■ ■ il'ta-- 

' i: ■    'I 

hulk of this exposure   i. ten  nrn-. >•,!  in- i i! ^' i i '- 

M ise ' to .1 v.'i ri <'1 v 

■ ! a- e'-tp(vr; im i ' ^- 

' n i ar system-. 11 e 

i.-a!c;!  fraininr 

dcvici^s vdiich   incornnrnto  eenditioi-     int-'a  "d   in   ■'.-iri ! i t ate ,   r.uide, 

and reinforce the  learnint; experience.     The (^ icii^.r   in  siipii!'-'nr 

sucii exposure  is  tn output /i-.-'dnat -s vho tinsc'-ss  rev; l nnu-l ed<:r   :nd 

skills,  and \\-ho can  trnns^e^" these assets  1" an  ore'atinn.al   situa- 

tion.    The effect i \-ene;:s o*' this process,  aal  o1"  th^ systc-i e"-i 

poncnts which underlie   it,  defends   larreh- u-'on  the  speed  er  s' ill 

acquisition,  and  the deprec to wliieh  these  s' ill<  '-ransfer to  t!u' 

operationn1   set t i nu. 

While the goal   in desi^nin.n nilitary trii'unv devices   is  alwavs 

one of maxi mi zing  effectiveness,  any given device nw  fall   s!iort  ef 

this mark.     Two dcA-ices having  the  sane  tra ; n i •','  ohiective?   "an  difi"er 

markedly in  terms  o'" the  traininr,  time  requi-'a-'d  er the type  and  amount 

of transfer achiex'ed.     h'ere .-i  ehnice m'ailahle  i'etv.'een prnto* x-pes  of 

these devices,   onlv one might  ''■>  selected   f'e"  vhn-el ep-a^it,     "-erruis" 

of the costs   involved   in  current  systen desigii  and   ''—' Ic'entat i on , 

however,   one cannot   afford  to  develop  conpeti-i;-   devic'';   an 1  e-;-i'-i vi I 1 \- 

determine which   is more  effecive.     hi  el he" \--e.'ds,  .-  "'.---ii ■-an i-';ei>" 

attitude ahout,  the  effectiveness  of  iriipin-   • •:   ;'— ■ i^ ■ ; ,M I . 

The hasic   issue.   there'".,>re.     s  how  to  ol, ii   '"e1-.    '■■■■'■■■y._    :■■ ■ 

develop a  traininr  de\iee which \, i   '   ]\-o\^   ■     '"    (^■'''"•■; i •, .•   '■.--  •■• 

particular pet  of traininr,  nMectiies,     ;i:'-    '^c   '-.'i-'-iiri   ;.->P.:      •'•>>■ 

■ .WA---. «5**»I4«SI innr.Y."-"^-  JtJj-jJ"*V-1  ■ -■■•^■t>"■■■■-■■■■- rlJi,!.I...V|ll,i.^.l^t|^^^■■^ WJUUJ ^If/nsU nJ.ldci ^i*,!.!,«, ^ i*f-:'-^-A ? t ^ ■ i ^l>i l«f*t »i kl»-li w i: 
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training, how >-an otvj t'oivcas? t'i" ; v-p'.- or t^iiniiii; iknico which slioulc' 

be cmji 1 oyeilV HUK cnn niv ■•■ic-j N- t-'ie i":'!!:'"'- !'i which the il^vico shoultl 

he designed aiul ut i 1 i r.cd? !n : ho";-, \--[yat ^'■c,'>v" car t>c taken to inrnrr, 

insoi"ar as posinblo, fh.o '■.■!";il ac ni's ■"-ion n'-" sMils ami Mieir pop^ti\'c, 

transrer to  the opernf ;o'i ■!   ■ •♦■• ; n"/; 

lii  t hr  J."  \ears  since IVorhi  War   1',   Few other  training  problems 

have  received  as nuch  attrition.     I'ho  proble1'" lias  cone under  rencated 

attack  anJ  has  ''ecu  anproavdied   '"fon;  a  nur'^e- of different   theoretical 

positions,     Various nethoJs  ha"n iioon  conccixo'l  to helii detennino 

what  should  be  trained and how  faining  should he accoinnllshcd.     Many 

of these aiiproaclior hrrce shared the assunntion that orerational   tasks 

possess  certain  critical   c'iarncteri sti es wh'ch  have speci'dc   implica- 

tions   for  the  design  and nri!iration  of  training devices.      Tt   was  hoped 

that  this   information,  tog-^her wi'h  estimates  of cost,  would   lead  to 

training decisions which   insured maximum  returns  for each  training 

dollar  invested.     Fn  suite o'" several   efforts  in  this direction,   however, 

the problem of prescribinp  the design  of a  training device,   or of pre- 

dicting   its  effectiveness,  remains  unresolved. 

1.1    Methods   for   increasing Training  Infectiveness 

Historically,  gross  inadequacies   in the design of training devices 

were often eliminated on the basis of shrewd guesswork.     In  the earliest 

approach to the prescript!vc-p-i-cdictive  issue, design decisions were made 

by subject-matter specialists who drcu  on  experience and  common  sense 

to solve training design problem:-.     \s  a   result  they often were able to 

make  fairly sound decisions about  the design o'-" training aids  and  equip- 

ment,   student  ami   instrnct^r stations,   ami  oHier aspects  of the  training 

situation which might   facilitate  the   'earning  experience.     However,  these 

early practitioners were artisans.     Because of their experience,   they 

u'cro able  to  translate ce-tain  fpes  r>'*  information about  the  iob to lie 

I I    .   ! ^___—^. ■■MMMHBMÜ mmmmm 
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performed   into  requiroment^   for  •'■ ■ i-i i nc .     '*•-   \-   '■ i    n    ;; 1 1   .DI 

however,   they  diffnrod   in   Urr-.    n'.'  tHc-i-  I-'MT   ■'■:•! i    .•;, ■:■   ot   rn 

approach to the trninirii; m   ii!'':'  K
1
;!.-';   ('■■rr-i'  M.i":,.     ^   .■(   .■ 

were hij',hU   successful   in '■■^■'■■<-  sninul  'I-I'MI'   d---• ;■ i'^is . 

not.     I'urthormorc,  becauso ot   ''"•   ''-.t^iT-ii   :i •.'   ir    li. ;'   '-i* 

metliods,   it  uas  difficult   'n  f   in  n-' ._.■>■   i >i  i-., ; ■.• 

di sadvantai'o of this  approadi   lay   in   the di'"f i cnl * \-  of I-'-.-I trat i n.r   ''■' 

proposed  traiuin^  solution urior  to   it'   adop'ion.     Pr^di cl i .ms  as   to  'lie 

effectiveness of trainint; i-'o^e  srarc^h   li'tr..-  tii.-ni  r-pii'ion.     A1-'  has 

been cogently pointed out   flsewherc     (fhenro''!"  ■'-   !'i ll(-v,   ''.'''.'■': 

■I . : ' 

. ,,■■ . i. 

"One can never InoK, n'-ou^ ;my trainin: nrcnT-n' :n 
devised, whether all ■'' the ifipovt ■■iit , •■iv-, 's ^ ■" 1' ■, •".an- 
machine system h.n v heen c^ns i doTe'.'. v.'■•• h--- i<-:''^\vv  has 
been presci'ihed for thi';-'" .-\-''■.•■•; sesv^nts d i o'-, l-ivc-  the 
greatest i-clat ionshiu "o svstr1 c1'1'':■''■ \ < •)■ ■■:  . ■);■■■ I'K-'-^T 
the training urojv;" is rart i CM! a'-!v ''■'! suitr.' jo •O-M-

1
-i nr 

the specific skills aad l.novled".PS i-'iic'i ■•'.li'-; uo  co»v.-ex-rd, 
It is extremely di'"'"; -ul4 to assess, ' e''nrr t1 " r.i'-' . 
whether each '■rainiiu- .'ollai ' M' bo wol1 ^"^•■'■,' fp. 2''. 

Because of the difficulties inheren* in thc-'e i ad i\ i dua 1 i st ic n^lhiui: 

attention was focused upon the di,Vflmv;'',ni nf n<>'-e formal and nrofra"1- 

matic approaches to the solution o-' trainini; ilevice ''csir'' and utilisa- 

tion problems. Techniques were conceived and developed tn help dc^tev-ine 

what should be trained and to provide very general guidelines ns to how 

training should be accormlished. 

The results of these efforts wore a nui'i'MM" n'" job descriptive and 

task analytic procedures. I'sim: these apur-^iehes it bec.-nne possible 

to describe iolis in terms of ;heir '••;ii,ir ■:,;1 cor'roi'ent s, aud '.hen to 

describe these components i" t'-rm' o< underi \-i as; t^-' el-'-umts and 

activities,  ncscriptien pr'.,'-ced.cd syste:-:-i^ ; • .i 1 !; !'.,.-irh scn-eral rn^cls. 
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\t   each  ';i;t.\-'"-' i'r   lov^'   t'•     i ;. r,'r;" !'ion whir'! was   oxtrnctotl hecarac 

! , ' 'li'i    ■•i|   ;(■'■',r i'in;-'-  \MV(.  oniiinx'ivl   to  oitluT expand 

upun  or   ini '.■•/.■ >;     •■ i;••    .;■■■, 

piMceilnre.'-'   ' ■■■'.■.   ''Hl ■ ■■.   '''   ^;   ''il' --■  ',  \'aii  Cott ,   l!'".^)   uvre desirned 

l(i  !u* 1 n  ^ni,v,!!"\-   fluv'-"   ■i-ii'.-:^   ,it-  :iii  oiioratioiril   1;!.'".k  K'iieb   slioitld  be 

cuns idered  ,v  !>ar". ic   i t etü'-  !■•' eenfcr'   in  a   rrain'nti;  ^i'e^rai'i.     Mm-e 

recenf   eft^nr;^   i " . ".. .   •\,:-v.^:'i'   '   'e.liey,   I'.UKV) ,   '.-.'■; h- "la i nta i n ini',  an 

interest    in     i r,-i i"',-i ni'   'he  a'-eno'n-i ;it c eonrenf  o ■'  trnininv,.   have also 

alteiiiiUed   IM  erc'-c!'i l'e  l lie   l vatc  ,i;id ariouni'  of'  trainin;; hiiicli  should 

!u-   r, i\-eii. 

CorKnu'rent   i.'i'li   l hese  aet i n t ie:",  otlier   i ii\rest i f',ators  wore  at-- 

temptinc,  to dexa-lon  [.id.   e lass i Tu'ar ion  systems  laA'in:;   imnl ications   for 

trainins;.      Iheso   layono-n .•-(--•   rliaroi1   'he hellet"  thaf   hasically different 

types  of  ta^'s  di '   iiidoed  ; v i s.; .     'l'ven  this  premise,   a   logical   step 

Kas   to  enlleet,   --orl ,   and   eatrilo^.ne  tasks,   enstinp  them  into  tlieir 

appropriate elas^o;-,  er   '"aniMies.     ''MVOIIU'-M sts vvlvo dcvrloppd  their 

struetures  to deal  with  *ra:ninß ;vo!'!enis made an  additional   assumption. 

I'or each   iilent i f i a'ile  class  o!"  ta^ks   there niyht  exist  an  unique  set  of 

trainim',  procedures  which  ••■ould  nroej. to he most  effective.     As  a  con- 

sequence ok this   rhinkiii!',   *here h.a'.'e  [ieen  serernl   attempts   to classify 

tasks  and  to   -.PPCMV   for each  class  those trainim1   techniques which 

seem most  appropriate   le.c,   I'.'illis  I]  Peterson,   1061;   Stolurow,   1964; 

Miller.   I'.'e'H. 

Many of  the analytic  and  tiyonomic methodologies  developed  to date 

have  had  their own  particular shortcomiriRs.    viost ,  however,   have had  one 

weakness   in common.     fhey l-.ave nrov.ded  for the description of tasks  in 

behavioral   or  functional   terms   '".;'.,  the beha'-ioral   taxonomy of Berliner, 

Anr.ell,   l\  Shear-'r,   ll.'f>l;   the   functional   descniitors   employed by (iarjie, 

:>)(,.;  ;ind Miller,   I'.iodi.     These   ten;.;  have been   found  difficult  to  apply 

unamb i (Mions 1 v .     They liave  re^erreil primarily  to  the  qualitative aspects 

of an  operator' ;  o\'ert   and  covert   hi'ha\'ior-s. 
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Considered  collectively,   these qual i t-it i ve  rtpnro.-iclK's  l.-.vr   liolned 

determine  tliose aspects  of the operation;:!   situation  uliich  ;!iou! !  lie 

considered as basic  items  of content   in the  ', "a i n ini;  prorran-..     Te a 

much more  limited extent,   they have even  nrovided  ;;i'iH-ral   guidelines 

about how training might best be accomplished.    Thev  n.-n.-e nor been 

particularly successful,  however,   in cstnhl ishin.y  sriecific  trnininj! 

device design requirements.     As  pointed out  by  Smith   rpo^S)   in  an  in- 

teresting comparative study,  it  has been difficult  to translate the 

behavioral analyses into rigorous  (raining  technique or hardware 

specifications.     Because of their qualitative nature,   it  has  not  been 

possible  to use these method?  to predict  the  effectiveness  of dif- 

ferent  types or amounts  of training. 

1.2    Research Related to Training bffectiveness 

The problem of maximizing  training device effectiveness   is  two- 

fold:     1)   to predict,  as  early as possible  in  the design  process,  how 

effective training will   be;  or  21   to specif}-  that  design,  which   if 

carried through,  will   prove effective.     In  either case,   the problem 

is overwhelmingly complex,  since  in any training  situation  there are 

several  major classes  of variables which may  interact  to  determine 

the rate of trainee skill   acquisition or even  the  level   of instructor 

proficiency.    These components  are the trainees  who  are  selected,  the 

characteristics of the tasks  embodied   in the training  device,   and  the 

techniques employed to effect  training. 

In mentioning these particular components  an   important  point   is 

to be made.     If methods   for predicting,  the  effectiveness  of a  given 

type  and amount  of ^raining  are  to be developed,   the  connlex   inter- 

actions among these components must be  investigated.     Studies of this 

type,   however,  have been  relatively scarce.     IVhile   the  pnnliction  of 

learning rate or performance   level   has   intrigued  behavioral   scientists 



v:\VT!(\n!,vci.N iv.M'-nj-.s-i 

for a iiifnhcr of ycirs ,   the  teiulonc;'  has  bocn  to   focus  on  separate 

aspects of tin- protilcm.     I'liese 'livepv;eiit   intcTests have been  reflected 

in  l!ie growt1)  of  ti'rre   rather  separate  arc-as  of   research.    These areas 

have   included  individ'ia!   di f ferei.c.es,  principles  of   learning,  and human 

ein; i neer i ir;. 

I'he  first   of  these  areas has  ncen  aimed  at   determining  student- 

related  attributes  which  may  underlie  individual   differences   in  training, 

flic value of  thi:    research   lies   in  the promise   it  holds   for using  such 

student  attrilmtes   as  a   basis   for  student   selection.     The  rationale   for 

this  selection   1v".   that   the most effective training  can be provided   ro 

those  students  uho  possess   attributes   related  to   rapid  acquisition  of 

certain  si ills  or  to  high   levels of proficiency on  certain  types  of tasks. 

A number of studies,   for example,  have   indicated that,  the abilities 

derived  through  experimental-correlational   research  are  involved  in 

varying decrees  and  combinations   in  learning to perform a variety of tasks. 

Among others,   1 leishman  and  I-ruchter   (ll'bOl   and  Parker and  Fleishman   (1960, 

1%1)  have applied  this  knowledge while providing  training on a variety 

of complex  tasks,     few of these studies,  however, have attempted to map 

the  relationships  between  different  student  attributes  and  different  tasks 

or  the stimulus  and  response properties  of such  tasks.    Until   this  re- 

search   is undertaken  on  a  large scale,   it  will   be difficult  to predict 

which students will   vain most   rron practice  on  different  types of tasks, 

backing  this   information   it   is  difficult   to determine how much device  ef- 

fectiveness  can  be   increased through personnel   selection. 

The second  relevant  area  has  focused  on  the development  of prin- 

ciples of  learning  and  the  translation  of  these principles   into  sound 

training practices.     These have  included,   for example,  the work of 

Bilodeau and  BUodeau   (I'JM)  on  feedback,  the distribution of practice 

studies bv Kientr.lc   (191(0   and. Jensen   I'H^ll,  Cofer and Appley's   fl9641 

work  on motivation,  and Cam's analysis   (19091   of .adaptive training. 
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In spite of the investigation of n l.'irr.o numbo?- of sue'' v:iririhhv;-., 'IOK- 

ever, it has been difficult to translate this luuly of research into thr 

design of improved training devices. 

This difficulty has arisen for three reasons,  i'irs!, few exner- 

iments have been conducted to explore the i nterarf ions anon.!! differr-nt 

training variables.  Tn the absence of this type of research it has been 

difficult to evaluate device effectiveness in forms of trade-offs amoni1 

training variables. Second, there have been fru- attempts to establish 

the interactions between selected training variables and student at- 

tributes or abilities.  Third, with the exception of a few studies 

(e.g., Tallmadpe and Shearer, 1070") the interactions between selected 

training variables and the types of tasks being trained have not been 

thoroughly explored. More of this latter tync of research is needed if 

training techniques are to be tailored to the tasks incorporated within 

a particular training device. 

The third relevant area of research has focused on stimulus and 

response aspects of a task, which if varied, max- exert an effect upon 

operator performance. The research in this area has been voluminuons . 

It has led to the generation of a number of handbooks prescribing the 

design of most aspects of the man-machine interface fe.g., the Human 

Engineering Guide to Hquipment Design, ]Pfi5- the Handbook of Human 

Hngineering Data, 1960).  U'hile of immense value in its present form, 

this research must be extended. More studies of the type conducted by 

Chapanis and Hropper (19681 are required on the interaction between 

operator characteristics and display-control relationships. Similarly, 

more information is needed of the npe supplied bv fowler, Killiamc, 

Fowler, and Young (1968") on differert operator panel lay-outs and rates 

of learning. 

In order to cope successfully with the prescript ive-predicHve 

issue, human-engineering research is especially needed on the interaction 

between trainee and instructor.  -U his station, the trainee attends tn 

|||r.....^J,...v^-l..,^^,.m.i. ttHiililiiiittiiMM 
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inputs   from  ^Docific >i i wl ;i\ ■■ ,  pniC'-s^fs  them  in ;i  iiroscrihcci manner, 

aru! attcm]»t;;   tn  take a^'Tonri at'.'  i-nntrol   actions.    Thn   instnictnt-,  at 

liis DWM  sta'inn,  ih-nl-:  '.■;:''i   I i f-'fj'cnt   controls  ami displays,  and  per- 

forms  d i'" t i net i y   ' i::'" ri'i'.'   (■IVM-.I t i'"• ■;.     \'o  sofivc extont,  however,  each 

station's nntnur   i-    i   i"un'/tion "!'   input;'-  from the other station.     Be- 

cause of  this  depondene v,  a   traintnu, dc.icc^   is  actuall)' a  closed-loop 

system.     rhorofori',  dox'ice el'frct i voness  \;ill   depend  upon  hou' Kell   hoth 

[tart i c i pants  p.-rform  their  ri-spectix'c  tas's.     CnnssHiiient ly,   design  pre- 

scrintions  must   s imul f aneously  relate  to  '10th  statiiais,  and  predictions 

of  l raining  t-'Yect iveness must  consider  their   ioint   influence. 

In summary, the three areas of research descrihed ahove indicate 

that f ra i n i nj; efftn't i veness is determined by an interaction amoni; com- 

ponents of the traininp, system. Study of this '.nternction may eventually 

provide the design enrineer with information ahout the personnel, tech- 

nique, and design trade-off^ which are so crucial to development of an 

effective training device. Until the relationships among these compo- 

nents are thoroughly understood, the pro'ilrrn of designing an effective 

training device,  'n-fnre  the  fact,  will   remain  unresolved. 

1,3    Statement  of the Problem 

The present   study was  conducted  as  part  of a  larger program of 

research.    The goal   of tins program was  development of a new approach 

to  the problem of specifying  the  design  of a  training device  or of pre- 

dicting   its  effectiveness.    The  appioach  under consideration was  one of 

quantitative tasl,  analysis. 

As   the   first  step  in  this  pnnram  the present   study had  three ob- 

jectives,     fhe   first   objective was  to  compile  an   initial   set  of quanti- 

tative  indices  relating to selected  characteristics of various man- 

machine   tasks.      The  second  objective  was   to  determine whether  the  ob- 

tained   indices  could  be used   to describe a  sample of trainee  task?  and 
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to differentiate among them. The third objrctive w.is fn drvelnp 

predictive methodology based upon the task in,lire-; and to assess 

its potential  uti1itv. 

■■-■■■ .;■, ( - -. 
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,1 .n    M' ii'nn 

Two nut !;in!--.  wcrv rtniiloycJ   in   Mio  prosotit  shu'y.     In   the   first  pro- 

Ct'tlUfL1   MIMII
1

   llMfl'.'i'    t.!-'1.     llhli'.T'".    .•. 

tasks rmiiul in sMrvi'i 1 lance-syst otv 

this rirdceJuro u'ris tu assess rhe '' 

i'(i-!'iilc\l anil applied to trainee 

ia'ri'', ileviees.  The purpose of 

'lilitv et' nnantitativo!v dcscrihinp 

a rai'itMx- ef eoMpliw i'ian-rKU'lti ne ta^ts.  In the second procfilurr a niultiple- 

rei'fess i f>n rMiif i ■ devcv!<it>ed and, aiiplird to a sample of traclinr, tasks 

described in Mi" literarurc.  I'his nroeininre ids designed to provide pre- 

liminary es:i: ites of  She predietiv" p.n-.'cr of selected task, indices.  The 

major steps v.   M'Mi appi^iaclies are descrfHed below. 

J.l  task \nalvsis 

lour major steps comprised the task analysis procedure.  First, a 

sample et' traininr. de\ices was selected unon which to base the eventual 

quantitative task analysis.  Second, the trainee tasks associated with 

the selected devices were analysed to identify major suh-tasks helieved 

to cut across a number of trainim; devices. Third, quantitative indices 

were selected or developed relating to characteristics of the major 

trainee suh-tasks which had keen selected for study.  Fourth, tasb analy- 

sis data were collected in the '"ield and used to derive values for both 

generic and specific sets of auanti"ative indices. 

J.I.I  Selection of Training devices 

A large portion of the spectrum of X'avy training devices was re- 

viewed in order to identify those instances in which training equipments 

rather than training aids provided the basis for instruction.  The 

former devices ('e.g.., trainers and simulators! were chosen for investi- 

gatimi because:  M they contained trainee and in.-tructor tasks which 

were reasonably formalized and. invariant with respect to the equipment 

~^'-"i~.f~*ii.-J~-j^*littlU*ti'M*iiw-ntif^' n,       ■     ^JK Ig^feua«   li^aiJiu . b ■• '•■*■■-   -  ... —. Ü ... -■- *  - . --■ ■' - --■ ;.. ., ■...^.,-.. ■ ... ■■. .....L—^-l^ 
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and procedures used;   and 2^   they pcrnri rtod  rolalively  sham  lonn.'ar i i1 

to 1)C drawn between  the trainee and   instructor  lasls Pot 

features were desirable for devol opmcTit  and anpl ii-ation  n!' quant i fat i vc 

iiidi ccs. 

On the basis of the review annrox ina* dy  Ihr- dHTerenl   *rainer;;  or 

simulators were   identified.     These equipments  diiTerod mar'-edly,  howtn'or. 

in terms  of the basic content  of" traininr   (e.o.,  vehicle  control,   fire 

control,  navigation,  etc.)   and   level   of training   (e.p,.,   orientation, 

familiarization,   skill,  etc.').     \ decision was  required,   therefore, 

whether to sample across  these many different  typos of trainers  or to 

focus  on  a more  homogeneous  sub-set  of devices.    The   latter approach was 

finally adopted  because  it was   '"elt   that   focus  on a  specific   sub-set  o1" 

devices would provide a  hotter test  of the overall  methodoloflv.     If nunnti 

tative  indices  could not  he applied  to  a  specific  class  of trainers,   then 

there would be   little hope of doiny  so  across main- different   tvpes  of de- 

vices . 

The 165 devices previously identified were re-evaluated with respect 

to the content of training, and wc-e organized into relativelv homogenenus 

families.     N'inc clusters emerged which   included  the  following: 

a) operational flight trainers 

b) cockpit procedures trainers 

cl weapon system trainers 

dl antisubmarine warfare team trainers 

el airborne electronic warfare trainers 

f) electronic countermeasures trainers 

gl radar trainers 

111 sonar trainers 

il miscellaneous trainers. 

Two sets of criteria were applied to each group of device0-.  ■'ne set was 

designed to identify groups of devices which appeared host suite.' tn 

-m fHii ■f--'- ^liiirir'i1r:--'iiii,rnliir'"'-"L""","'""*""i'*'"" tim inamia» mnirvr —mi.r UM M OK I v iT^ii.ilriirfmH.^a,.-.i.i —^*^~~^- imiiin ■----""'"■"•'"•"'"" 



T-^^^,Ti".™/r'Jl~Tmt-'»r' .■v.::-ri-■:-■•—•--'., ■.. — .n-T-^T=>n^-I7-,'"-T,-»-'7j1'-,""T-'.i-'—ri—'.-T'T'T 1V.IM-—-T-'^™VTV-:,.1M-.--WT •—-■-;■■—-■<■'■'■-'     .'fi -'V'.-.^w .i.iwjiwffmtt^1y}.'\f\ivm,n,l jHMtll!'1!'.1'-' ' I 

- WTlJAP'VCi v   (,'i.r-l).r'S-l 

tlevc lopnient  ot" Miinnti tritt vi.»   imlice''..    'I'lio  S'TPIUI  ^rt  VMS  used to stsecify 

wliicli  groups 'li;'!!'   I".' mnst   r^aili!»' rralunt^il   in  an  anticipated  rcr.ross i nn 

ana 1 vs i ■; . 

hi   iii;hf  ol'  ! !ie  rrit' '-ia   ''or d^x't1 Fopi'iciit  n'    i'uliccs   and   for evalu- 

ation  ot'  the ile^ci'i pt i ve  systaMn,   ;-adnr,   sonar,   am'   electronic cenntei'- 

tiKMSiires   trainer-   were  -elect".!.     TVe^e  .l^vice.;  'M^lntiitcd  to the same 

r.eneral   l'aivil\    in   the   sense   that   thrv  ata^'/iilel   ' ra i n i n",   for the oper- 

ators  of' N'a\\'   a rsor-ii;i^c !  o1-  stirvci 1 larce  svi^toms.     i-'o'' purposes  of the 

present   studv  attention  (cas   '"ncMsed on  acti\,e,   surl'ace-snnar tf.aincrs. 

In   spite  o''  ('»is   rest i'i et "um ,   "he   intenfien  K.-S   la>  ".vneratc  indices vhic'' 

uouhl  also  nrci'-'ule   for   the  .mant i ! a'i \ e i'escr''nt i on   ci' other devices 

wi t'n i n   the  surve i 1 1 a'iC"   :'.\--' 1 \ . 

.!.!..!     I dent i''i ca.t i op   of  Trntnee  Se'^-'l'ashs 

Mavitu',   identified   stirvei 1 Ia",ce  sx'Ste'ri traininr,  ('erices  as  the 

family  of   interest,   ' a"  trainee   tas! 0  associated  'y\iU   these devices 

K?re   inal\-:;ed   in  dot ii!.     "h"  ;naiv.'-is was  conc'uctcd   for two  reasotis. 

first,   i nfori:iat i on v-.as   required  on  the main'' suh-^asf's ]ierfori'ied by 

trainees.     Second,   i n f n ma ^ i on  va<  desired n'mut  'hose  features of 

the  sub-tasl.s which  "'ij-.'^t   prnx'i.I.   a  hasis   for  ;'.enerat i ott  of descrip- 

ti\-e   itidices. 

The decision  to  provide descr tttion  at  the  suh-task   level  was 

predicated on  tv.o as-ainpt i otts .     first,  althomd'  surveillance  trainers 

r.iii'.ht  differ  in  the content   of  trahmr.'..  they nevertheless  wauld  share 

certain  basic   ••uI'-tasks.     Sec(Mul,  onlv at   the  sub-task   le\;el   could 

criterion   nei'!'or:Mnc ■  mivasures  '»e   roadi Iv   i e'ent''"i ed..     The  ava i labi 1 i t\' 

of  such measures was  esM-ntial   it"  the tpiatrt i tat i ve   indices  were even- 

tual t>'  to  he used   in  "he  prediction of  learn'tnn  rates  or proficiency 

levels. 

lU^u..       ^■^^■^^^^•■■^^^^^^^-^^•^^•^•^■L-^^^^lt,^^ 
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Ten devices were evaluated during site visits to the I leer 

Sonar School, Key West, Florida, and the  \'avn1 Air Station, rllyncn, 

(icorgia.  Based upon this analysis and upon eyar.i nat ion of a nun'n-r 

of utilization manuals, four, inajor, trainee suh-tasl':- vore i dent i •'! ■■.' 

wliicii cut across surveillance traininu devic(vs. T''o '"irst su'i-tas" 

was procedural in nature and involved receiver turn-on, set-up, and'or 

calibration in preparation for search activities. The second su!-> i ist , 

involving monitoring of the receiver, resulted in sir.nal detection or 

target acquisition.  In the thi^d sub-task, displayed signals were 

analyzed to pcrinit target identification and classification.  The 

fourth sub-task involved tracking of the target in order to proviee 

continuous or discrete information about target range and boaring. 

All four sub-tasks were i -adily identifiable in the active, surface- 

sonar devices with which the study was primarily concerned. 

2.1.3 Selection of Quantitative Tndices 

In selecting and developing a set of quantitative indices there 

was an embarassment of riches.  Once comnilation of the list of de- 

scriptors began it was all but impossible to stop.  To combat this 

excess a line had to be drawn somewhere. Consequently, quantitative 

indices were sought which related only to critical characteristics 

of each of the trainee sub-tasks identified above. Critical character- 

istics were those which, if manipulated, could lie hypothesised to exert 

an apprecinnle effect upon rate of acquisition or level of proficiency. 

Based upon a review of the literature and upon an examination of 

the four trainee sub-tasks of primary interest, two sets of indices were 

generated.  The first set consisted of generic indices.  lach indev 

within this first set was applicable to all o*' the trainee suit-tasks 

as well as to the task of the instructor. The generic indices in- 

cluded:  11 task characteristic rating scales; 2)  n disrOav evaluative 

index; and 3) a variety of panel lay-out and task-tyue indices,  ''-he 

l.'S 
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second    ;.'*.   ,•■•;'," i i [!■.'!  siuu'i :'; ■   ii-'ic^"  u'liirli  uorc1  J'n'olonoil  to proviclr 

fur  ■!  rii'Vi,   .'■•',i:!.'!   ,!■.'.c;: "'irr  ,>t'   ^ir';  ■,,''  t!'i->   'riinoi^  ^iil-'-tasks".     An 

in.Ii.'x \,i'll!
M  i;.i-   sec*.'!)'.!      ■': v.i>  -^v,■''*!'•   in   thv  y-cnsv  that   it   wottlil 

aiMilv   tn  ;'t    h'-i-t   '';;•-•,   ' u!   not   t n  .:! ' ,   o1'   '''■.■■   trainno  snli-tasl.s. 

..'.l.S.l     Uatini',  ScaU-s       \  ; r,,!   m'   1,'   tasl.   .•'•aracrci st ic   rnt'im; 

scales  was   sclcctin!   \'v:^  a   ' irvrr  '■•-,   ,1*'   t';   scales,   eri s i na 1 1 \' (Io\TlopiHi 

dur'uik!  l'"-v ■.■|r,i-s' ov   an   \!!>   ; avini'':v r.roif-t    f-Ifi s'rnan,  Tcicltnrr,   ami 

S'cpliensnn,   I '"i''1 ,      i1;«-   Sv i',.--  v.v     sPc.-i'"' «• a 1 1 y  i!i-< i .au'»!   fo Jo:"t.'ri!'' 

ta.-ks  jHM"  ■:",   : a I'-ni-n.li'n!   r\   f-.c  cit'f.T !;;ajo;-  cor'n. nnirs  (>K porfornaiu-c , 

the  oiKM'atnr   ,:i;,!   »IT   rasl    '.MI; 1 run; ■   ',; .     "iw 1 onncMif   i>r   the   scales   pro- 

CCIHUH!  I'vov.' ,1  Jot'i 11 i t ion  vvhi-.-i;  st ruc-iiro.l   :^c  ^'MTI  "las!;"   into  several 

c(n:iin)nent<:     tlir   .■«•al,   re-^i^as es.,  '■■>\»e'--l ire< ,   <':!uli   ami  stimuliis- 

rC'Sponse  relations lins.     ^ex'erai   ra' in.,  seales  \'-'r developed   for each 

ot"  these eenpenen; s .   and  s^.a 1 I-sea 1 a  studies  K"tvre pei'Torned  to assess 

inter-judge  rel i a'-i 1 i t i es .     \  emr-' -'v di<e;i-sion  of  the  task  character- 

istic approach,   is  i'Jven   in  a  repor    hy  larina  and Wheaton   fin press). 

i co.- purposes  of  the  nrestai*'   studv  the   rat in;*  scales  were reassessed 

with  the  surveillance   sail -tasl.s   in    and.     Where  pussiMe,   a  change  was 

made  Prora ratin.q  the map.ni t itde of a characteristic   (on a seven-point   scale") 

to actually count inr,  the quart ity  i u'olved.     f;or exannle,   rather than 

ratine  the nunher of   resuonses   re mi •ad   to  lo-oduce  an  output  unit,   such 

responses were conn tod.     fo;is'vqiteii'" ly.   t!ie   result ins1,   instrument  was  a 

mixture of  rated  raid   counted  characteristics. 

Although  all   of  the  scales  a' nidrd ouantitative  information,   a 

few of them were  actuallv  '«ased iai  'i'ia 1 i tat i ce  distinctions.     Tn  these 

cases  the different  qualitative  slates  WM-O  assirned  arbitrary values  on 

a  nominal   scale.     Pofinitions   ror each   tasl.   characteristic  and  the  asso- 

ciated   rating  scales  are  nresented   in   Nnnendi;.,   A.     fhe tasl   characteristic 

indices  e"iploved   in  the  nr<'se;it  stnd'    includeil  the  following: 

1 I 
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a) Number of nutnut  units   (DM'!") 

h) Purntion   (DURA) 

c) Number of clcTimts nor nutnut   unit   fl;IJ:Ml 

d) Work  load   fl/nni 

c) Precision of responses   f!1''!''.!! 

P) Siraultanoi ty of"  i-o-i;nnse-   !clMli) 

g) Number of response?   fNn.P) 

10 Rapidness of fcedbacf   fI-T!;ni 

i) Response  rate   fRAT! ) 

j) Tutorial  dcpendonc\   fTiinn") 

10 Natural   dependency  fNAHlO 

1) Operator control  of the response   flfOP) 

in) Variability of stinnilus   location   n'.\K,k') 

2.1.5.2    Pi splay  l-va 1 native   Index  -  nver  tbe  last  decade a  number 

of attempts have been made to  translate 'uman  cuu1' neeri m; nrincinles   intn 

quantitative measures.     Amonp, these lias been  Field's  nisnlnv ' \-a ! uat i \e 

Index   (DOl). 

The DEI   is a measure of the effectiveness with which   information 

flows from displays via the onerntor to correspond ins'  controls.     i'iio 

index yields a ilimensi on less number which  represents  a   ri;;iire of merit 

for the total  configuration of dirplay? and  controls  being  evaluated. 

It was originally derived  from a  i-et  of assumotions  about  wl-at  con- 

stitutes efficient  information  trr nsfer   in  di so 1 av-conf ro]   systems.     '"or 

example, all  else being equal,  that svstem  is best which '»as  t'-o greato^r 

directness between  the   information  transmitter and  the correspond »n«' 

controls,  effic.ienc\' being  reduced where  the ooerator has  to  transforn 

i n formati on before tak i ng act i on. 

The potential  value of the  index has been  demonstrated bv   its  wide 

applicability.     Surveillance,   fire-control,   and  even comnunicat ions 

systems  have been  quantified  with   it   ('e.g.,   cie>'el.  "iehle,   ■'',  I'e.'ernan . 

i:; 



1'.'().',1; S i L'i'.e 1   .'i  It'dcriium ,   I1.';."1,     ^^ovcnycr ,  the  index has  been  parti ;il ly 

va 1 iiia ted ,   i.e..   ai'.iiirr   i n.'.'H nepr-v-   |>v  immaa  en" i neiriny!  exports   (Siei'el, 

Michle,   ',   I'eilei'!  in ,   I'|'> .'a, I'.'(■.■■ .      If-   wa ;  li^cided ,   t he re'"ore ,   to  jnclinte 

the I1! I   in   tlie eiirrt/nt   nrni'-c*  '.'th  a   runv tivKartl exteiulrn,^   its prc- 

HC'-ipt i rc;-ni'ed'ol i\'e  notential   to   'die  i'esij'.n  of  rrainiin;  devices. 

.'.1 . ■'. ■>     I'anel   l,a>-iiut   and  Tas!-- I'vue   Indices   -   The   indices  of 

l;ouler,   ••!   a 1_.   ili'dH)   are desi"ned   '. c  nr(n-idc descrijition  of   two  diä- 

teren;   a-'.pee; ■■.  ei' a  man  •" ach i ne   task,     Une  set  of   indices   is   used   to 

measure,   in  peivenrai'.e,   the  extent   tn u*hie)i  genera!   luiman  cm;i ncerim'. 

pr i ne i |i I e:-.   '-.a^e  feen  anplied   to  the  nrrani'ifmrnt  of controls   and  displays 

on  a  console.     I'he  seciifid  set   relates   to  the degree,  ai'.ain  expressed  as 

a  percen taj'.e,   to udiich  different   operations  or "task   Ivoes"  are  einhedied 

in  a  particular operator console.     The.se   indices  can  varv   i ndenendent lv 

of  the  hi I   which  does  not  add'-ess   itself to panel   arranr.enients  or tyj-ies 

of pane I   operat i ons. 

In   tne  present   study one   Iny-out   index was  used,   the  "total 

scqucncini;  score",     four "task-type"   indices were employed   .including 

the   following:      11   an  "alternative  action  sub-score";   21   a   "breaks   in 

operation  sequence  sub-score";   "1   a  "frequency-of-use  score";   and 

II   an  "importance-of-use score".      In  addition  to these major   indices, 

certain  measures   involved   in  tlu-ir calculation were also  used  as  descrip- 

tors.     These   included:   ll   total   link  value;   21   number of controls  and 

displays;   and SI   total   number of response fictions. 

2.1.3.1    Miscellaneous Generic   Indices  - To round out  the  initial 

set  of generic   indices,  sever)  additional   measures wore  employed.     Response 

actions  were broken down   into  the   followim; cate.cori es:     11   number of non- 

normal   repertoire  responses   (Tolley,   lOdl);   21   number of  control   activation 

responses;   .>i   number of  feedback   response's;  41   number of information  acqui- 

sition   responses;  and  ."')  number of  instructor  initial ir.ed  responses 
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(Mackic f, llarabctli an,   I'.'fi'!}.     TUT  addt t ion.-i)   indircr. wre  t'u   ni::')t>oi   > ■ 

redundant   i n forma r i. on  sources proccssvd  siimil t nupousl)'   Pli i .;!''.■ 1 ' a ,   l',''',i, 

and the time permitted for snb-tas!   rownletion. 

With  the  inclusion of tlio  sci'en   indie":   insi   descrihrd,   i;i'    niii-iic 

set consisted of 20 separate peasinvs,     Tiiis  sot  v;ris  doomed  acci-ot a'-lr-   ini 

initial   work   in  forms of both  the mmiher and  \'ariety of descriptors  i-.'iiich 

were ava i1ablo. 

2.1.3.5    Specific   Indices   -   In  addition  to  conoric   indices,   udiich 

cut across both training devices and  trainee sub-tasls,  an  additional 

set was  selected.     Indices within this  se"  were  specific   to  surveillance 

trainers  and  to certain sub-tasls within  those trainers.     The   items  wore 

selected because they appeared to have   implications  for device design 

decisions and because  they appeared to be directlv  translatable   into 

trainer design  specifications. 

The  IS  specific  indices developed  for use   in  the present   stud}*   in- 

cluded the  following: 

a)   signal  persistency expressed  as  the ratio  of phosnher 

persistence to the ping  interval; 

h)   range  in  signal   to noise ratios: 

cl   bearing control-displav ratio; 

dl  range control-display  ratio; 

el  number of tracking dimensions: 

fl  variation   in target  range; 

g")  "variation  in target  speed; 

hi   bearing erro- tolerance: 

il   range error tolerance; 

Jl  number of cues available  for classification: 

kl   number of classification  cues  applied  sinul taneously; 

11   number of  false  targets  used; 
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n)   :^.'UUi.>lK" i lb',   i>r   nrdb 1 (n   SV''
,
I
,
,I'■ i os . 

■i:   inti-r'.v-1   '  r,   MH!   ilir^C'ix"   rehM.-int   fp  ''"' Joscripfifiii of" 

tr.iiiuv   ras'.-'  V->MT   1I> :I JJi r i on;! I   iiuMrr-'.     ''n'-.f  n'' thoso i<e>'o 'vinnin- 

Ji'-'.i.'c i ;it'or--.   .nu!   ;\'!;ifinl   to   ''■\.'   ii<o   o'"  .'i '''"oi-'Mil    ! '•,■: i n i IT.'   t"( V'UI i nurs . 

i:ii"'r   iiu'!':.'",!  st ! • (■■■'IMU ■■ ,   '"or  •wi''ii | o ,  .-i'Mv.it   t''c iiso ot"  training  t;nioi-. 

:ul.ii'' i'. ■,'   t ivii'i iiiiit's ,  irirrr,!--'    fraiinnr.,   n|'o1''lfv'"   ''rcozc  t-ochn ionos ,   vfc. 

A I t vls'.k't iU'V ,    ' ,"':-i'''.TO ,     l'.1   I'.rlHTic    !l;t!U*oS,    ! ,~    SM(X'i,'ic    i IH.I i COS ,    ;i!Ul    I'1 

trainiih"   f fi-'ai iiiuo Ji'Si.-ripfors  i/evo  ass!"1''i i\!   ror   later  use. 

2.1. I     \p|i 1 i oa ! ion o:'   i r>J i co> 

I !io  rciuMMl   ami  snoci'"!<.•   iiulicos discusstnl  atMn'O  H'crc niipl 1 od 

to   ! asl,-a iia I vt" i >•  Jala  c<>l I octri'  oti   rh'"oo sonar "norafor  t i'a i n i n;; tlrvicos 

in   IISO  at   the  Moot   Sonar   -Vhocl ,   | .n- '"'ost   'aval   ['a5£      '-'loriJa.     'rhr 

tliroo  trainers  oxar.ineil 'ven«:   the   IMli1,   renrcsent i nr   "he   \*'AAC«-15 

lielieopter  stacl,   the   W'''''"■'-.^•''X,   ami   the   II1,^,   rein-esent i nr   t'1^ 

A^'SQS-1   sainai-.      ihe  ".'d'    and   'he  " \"  ai'o des trover  s\'steins.     All   three 

svstens   hive  at   least   sore  eanaMIitv   ''or detection,   1 oca 1 i r.at i on  ami 

e 1 as-; i t"i ca t .i on o i'  sii'':ie'""i>'  contacts.     ' nst meters ,   reonlarlv assis'ned 

to   these   trainer:.,   went   ihroin-i   the  operation of  each   surveillance 

svste''!   in   the  setinence  taiü'.ht   to  novice operators.     i'ons i deva'ile care 

w.is   talon   both   'v   tiie   ins'ract  n*;;   nml   'n-   the  o'-'ser\'er.s   to  naintain   a 

trainim;  rather  than an operational   set. 

i'rocediiri^s   for equipnent   st%t-un,  detection,   localisation,  and  clapsi 

t'ication  were   included   in  each   de'ionstrat i on.     'or  each   of these  sii^-tas'' 

the   insttaictor  indicated and   'escribed everv display and  control   used and 

their   seanence o!' use.     "■,i i ■;   i n'""niat i on was   recorded  on   three   fniT's ; 

M    in activity  tahle ■U^sori hi n;;  the actions perror;-ied;   2)   an  emmvont 

("unction   ta^ie v'e^ci'M n,;   the  disHavs   and  controls;   ami   el   an  operational 
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sequence iHagrnm. Ttjcre u'n« sono Jd i IHT/H'■■ r^dmnl'ini'v i'lnn!' '',i.- 

ilat.i !"orms . These resnecrb'p 'Vrns nn' i I his'n t ('■' rn'- :'" 1 P l" 

tinn task in 'rah!os ! ami .-, anil in ' !;'.ii''" 1. I-M,,,^,..^ •.,,.... r; ,,, (i 

the  roina ini in:  tasks  ami  devio^s  "■':  nt-i'S^nt'^l   in   '■••'^■]\''i\   i. 

Ta'ile   ]   shou's  iiuiiii   lino  actions  on  ihr   ! oni i n 

on the right.  Table 2 descrihos the ■ii'-nl.v-- uuO  cnni-rnls rm- ,,. ; | ,,,. 

to each line of action in Table 1.  '■i'-le .! incliulr's resnons'' nün'iM-, tHnnp- 

irient reference miinkicr, designation of euiiini'tent a1' ■■<  cnntrnl if"), ,;; ;• | ■:>■ M<) 

or a combination of  both fBI.  \ 1 so included :tre (VMiinncnt nnn;enclat urr and 

number ok" hardware units (nunber or discrete '■allies wMc'1 cai- }■■<■*  re'd tvr" m' 

a tlispla_\' cm- entered into n control).  The "In V'-nonsc- r^ncrto;'•e'' enh|',r 

indicates v;hether the snecific nctioi) reculred is nnrt o1" t!,c traim-o'^ 

normal repertoire or uiiother it renr-esents a s1 ill to u^  acuiririH'.  ''■ ■ 

"l-'ecdback" column represents responses in '•■'»ich t'-e nd^rniacx' o4" r.   p'-r-,-, ! i i;- 

response is confirmed.  The "Innertance" colnr'n indicrites tho cr» t i en 1 i i-\- c' 

an erroneous response^ ,\ '-,,. r.ltin,, ini]icntes that the trainin is^in-, 

would be inhibited but the error is correctnMr.  \ "2"  ratinr indicate^ 

that the mission would fail but the error is cnrrcctaMe,  N ".'" j-atii;1" 

indicate? maximum criticalitv, i.e., a vroni.' rosnonse result^ in d;r";i;'e t.i 

the equipment. The '"Control Nv instructor" cnlnnin indicares in^tanc'-^ in 

which the instructor manipulates a control for t'-e trainee or tells t''r 

trainee to enter a specific val'i.^ into n control, 

Figure 1 represents an integration of inforni.-ition enntaine' in 

Tables 1 and 2.    The sequence of actions required in t'-e 1 ,n--i I i-■'r i ni 

sub-task is shown r raphi ca 1 Iv <"rnni left to ris'bt.  '-'unai-es dener^ -ict'i 

involving use of a display while circles connotn ru-tio'i« in\-cvl i-i n>' cov ■ 

trols.  The main sequence of responses 'c t-em^^sent ed 'n- ;i so!! ' ! ; n- 

between controls and displays while continrencv i-'-siMMise seoiu rces are 

dicated by broken lines.  Cortrcls and di^plax'^ ;''■.• ar' ii'raT-i!\- m:"'e'-i 

starting from the left, to indicate v'-cn thov :trc ii<ed i >- ' ' •.    ^c lürMH'i 

responses. 
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il hir.tr.'itcil  in TaMer.   I   MIHI  !',  aiid  ! if.iii-i 

DHT   rori.uila   i r,   fSi.■}•■■] ,   Michl:-,   ",   '\ .'.-r:   : 

(n  +  m)     [ cxp f- 1 C-l/.l  ■ '■"1/ i 

(i -i :v:) -I . i) 

n  =  innrJicr oT  i m! i c '  »v:   f i . i 

m -  number of conl rwl;.; 

N •-••  1 he: nunbor of fon;arc1  li; 

from controls to (Jisp] ay; 

fn •)   in)     ■- number of  imli cat nr;-.  and 
u 

hi. 

c . .   (!>',; i ( i!   ] in'i 

■oni 

];:'t       COT 

■.■I-  ain 

V   fFis 

lv  a-' 

the console during a particular r-ub-t ;c b: 

(n  + m)     "  total   nuvibcr of  i irbi cai <M-;-   .an1  con'rnl     *n  1.1*0  c 

SI',' . 1   1 ; ■ r.un of wci j'jitr applied to hnbi cat cr-co;- 

to vectan[;l or. rcpr ?^ciit i nr i-ar-rat"." vl : 

Kcipjitinr; jn-occc'ui-es arc c1ori!U': in ':i' 

S/M/ - sun of absolute value? of -n ri..at c-lu-s be 

and control resolutJon; 

0 = total number of display and control elc:.f-nls fi 

trols  and displays   (e.f,.   in  t!u   MIIO,   locali::; 

t   a 1 .    (\- 

a f a 

conipl i shed hv i;aa iurl at i n: (%  near Mi 

v.'bich can he thought   of a.s  tvo eler.ent:   of a   sin;lf   c 

number of boxes and  triangles  represent in;: nro^ ..;■•■ 

intervene bcta.acn  the  readin;;  or  indicatcrs   and   \'\--    ■:. 

pulation  of controls, wjicrc-   trianrles  arc  used   to  r.-;1 

"and" gates and "or" gates.. 

Pallowing the procedure outlined in t; 

analytic data for each suh-tas!. of each tra 

information iransfer chart.s, l:ro:!i the cb.ar 

establ i sdied . Then the appro]ir.i at e forr.ula 

DHLs calculated. Those procedures are illn 

Tables. ." and ■! . (binl: charts are presented fe- ';: 

device;;  in Aypendix  C.l 

ef.el , et nl . {]'?(■:'■'' t; 

n i IIS, dcV ice v;ere !••■."::,■' 

s, ta1 le- <-: 1 ii^.s won 

uri'.s '.:> aa o1'! a i iv a ; a ' ' 

1 r; ; e !   in   ' I  ■;■ •-■    '   ; ad 

r i 

' '■■-- j-'-   - ■'■-•——-■ MM» ^_U^^_      I ' ■-   "     -■ "    '■■'■■■'■•■""■■■"■'" ,MaaaaaaialMatatiiiM>i>iM 
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ccy.'T"c.'„ 

i :: IT i 

I   1?  Power oiilput 

I   Z'.l  I nrphoiu" 

I   20 Bearing 

I   :0a Range (!) 

I   20b Mag.  North 

I   IS  Dome soatcil 

I   19 Trans,   depth 

I   18 water tenperat 

/ \ cl   I'dwer  knob 

/\ c"; i:rcqtioncy \noh 

/\c$   Panel   ill"! 

/\el   ilprration  selection 

."   1 i st en  j'ain 

,\ ed  I. i ston rcctfir    , M 

s"~  \"u'ei'> y'.ii'i 

j1-'  Recopr ion Ji rect ion 

Viulio  r.ain 

1 1   Pani'e  \. i iovar.is 

clZ   l>paiul  sweep 

c U'  Sound vol .  tetitii. 

c2\   Mai;.   Vorth t" orrec . 

Hearinr Contrnl 
in    I Kango control 

cM   PPI focus 

PP1  intensity 

c2(> Cursor i nt ensi ty 

c2? Test  osc.  ainnl. 

/\  cl3  I'ai so/lower phone 

A. el<1   Scat 

c2S Toggle switch 

c."n  Toot -pe.la 1       ; ' 

e?l   "mike" ;;) 

■ 1 ~i 11 I/,.;/,!1 Localization Sub-Task Link Chart 

26 
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Figure 2  sho'vs display:, on the left, contr'iir nn t'ir ri/i i ,-i;\! 

intervening process sx'inbols in the center,  '"onrier! inc rlT^-T s\' Pol- 

are links v.'hich indicate the direction o1' da'a :'loi-;.  ^d'ii! ! fn. 

extending from display or prnce-s i r," syn'iols ..''e i'»'"ofiaH •:■>!! !;:.!- . 

These imply actions based upon d i .•-pi a'.- readiii!1, •" data ivan-r...-^ i-v 

by the operator. 'Hie short solid lines v.hicb terriinate on a urocrce- 

ing or control symbol are instructional links.  T'-ese irnph' actions 

taken on the lias is of instruct'ons 07- stored i nTeriat ion .  i'ic dt ' ■ ' d 

lines extending from controls to displays are corroborative ('i.e., 

feedback) links.  These imply that the operator is cheel ing the ef- 

fects of sonic control action. 

The number within the display and control s\,Kols indicates the 

number of different values which can bo read or nsa" ipnlated.  t'er 

example, 122 is a !T1 which, fo'- purnose? of-" adiustini' the bearitM' 

and range wheels, takes on a total of nine values, i.e., the cursor 

can be short of the target, beyond the turret, leadim: the target, 

lagging the target, on the target, leadinr t!ir target and short', 

leading the target, and long, lagging the target and short, or lapp.inr 

the target and long. These nin.1 states are associated with the links 

going to the upper two "compare" boxes.  However, for purposes of settin 

the reception direction control, the PPl takes on three valuer, i.e., 

the search sector will either cnineide with the tarnet sector. I' id it 

or lag it.  These three states are associated with the lin' :;oinr to r'.c 

"and" i;ate. 

The number of elements per display or control is indicated in 

brackets next to the control 01 disnlay symbol. The interveniivr svnbojs 

include three compare boxes am two "and" rates.  I he upper two rect-'nrles 

for example, designate that the trainee co-ipares cur^o" !iositi(m in 'var- 

i ng and ranj^e with target position.  The "and" rate •'.■ -:■':  -nate-; t;'it the 

trainee combines rideo and and 0 information te set t'i' "•■e..-(,it i en dir"ec- 

tion" switch. 
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Table  ." 

HIM   Link Table  For the   141:10 

I.OIMI i 'Mit i on Sub-Task 

lMspla\-   Info. 

,i nk Link No. No. 
Xo. Typ- Stares Pip, its 

1 INTO i) ,9S 

T 1 N'ST n .Pf- 
— 
.I l\l;0 '.) .95 

\ 1 \ST C, .■25 

.1 INFO ^ .18 

(> rxi'n ,i .IS 

- INTO . 96 1 
s l\'I'D .■) .IS 

'.1 INTO ■> . ?o 

11) INTO T .50 

11 INTO ."S- 

12 CORROB 1 . 50 

Li 1 NTO " 1 1 . S6 

11 INTO 20111) 5.48 

15 INTO 2000 3.48 

\b IN ST 2000 5.48 

17 INTO 3 .48 

IS 1NST i .50 

Control   Tnfo. 

No. No. 
States        Die its 

2000 

96 

1.86 

5.48 

.70 

Link 
Mismatch Weight 

i 
fWtl 

2.0 

2.0 

2.0 

2.0 

1.0 

1.0 

.00 0.0 

1 .0 

1 .0 

0.0 

.50 0.0 

0.5 

2.0 

2.0 

2.0 

2.0 

TT 1 .0 

1 .0 

r/Mj/ = .52 

— U'.   - 54.5  fHach box receives a link weight of 41 

Number of Jisplay disnts for iinl 
5 n 1 us 1 i nk O. 

number of displav digits for link 

Number of display digits for linl 11 = number of display digits for link 
8 plus I ink 10. 

28 
I 
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Table -1 

nm  Worksheet  for  the  Ml'lf) 

f,ocal 1 "at i on  Suh-Tash 

1. (1 +i:w.) 
i 

2. (n +    m] 

3. (n +    in) 

4. N 

5. Q 

6. n 
0 

7. CQ + no) 

8.    f:(n + m)   (Q+n ) 

9.V NCn + ml   (Q+n ) • t 0' 

10. Sum    IM. I 

11. 1/4  Sum    M.I 

12. cxp   (-1/4  Sum) 

1 0.0 

32.0 

17.0 

11.0 

S.O 

16.0 

8,^04.00 

.52 

.13 

mn 
(n + m)     [exp   (-1/4 Sum M.   )] 

f] +   Sw.)   [A/ NTn + m)     (0 + n 11 
1 t o   ' 

fin) f.ss) 
(55*. S) Tn.f.r.O; 

8.8 
J. 5"iy. 2 

.(5026568 

i 
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Ti''lc  :> iler.cri hi",   in  ■.'•M-.iil   \ho   links  ^hoKii   in  Kip.tU'e  2.    The 

lioscri rV ion   incItu!-'S   '.'n1    ,,i'0.  numhcr of ralu(.'S  which  can lie  road 

f'r»i;:i  fhe asscici aV'-tl  lürplav  aiul/ur ontonnl   into  the nssoci atcd 

cuntrnl,  misir.atcli  b'^'Ki^.^n   -]\"<c numbers   in  dibits,   i.e.,  absoluto 

dt ffiTi'iice betutH'n  !!-"iibcr IM' disnl;i\- dibits  and  control   digits,  and 

lin!-   we is'/it .     The  apnronr iate '11   ^ums  are   itnlieafod  at  the bottom of 

the  pai'.e.     I.'i'dc   '   is   a   ivorl sliest  dei'ivcd   fi'an  ^ie.'cl,  K'iehle,   and 
1 edorn;;in   f I'loJlO . 

.'.1.1...'     Iv:mc!   I.a\'-'1ii;   atid Tapk-Tvne   Indices   -   Ihe  task  annly:>is 

data  .■■•liovvii   in   l.i'-le   I   and   J  and   in  I i'mre   I   Kcre  used  to obtain  vnlucs 

l"oi- eijdit  panel   lay-out   and  "as1 -tvin-   indices.     Only  ".eneral   methods 

t"or deriviny,   indo>   values  h.nv Keen described   in  tdie present  report.     A 

thoreui'.ii  and detailed  description  of these procedures  has  been provided 

elsewhere   (Tawler,   et   al.,   !i>f.v"l. 

Many of  the   indices  develoned by  l'nwler,   et   al.   flPfiSl   are based 

upon  the concent  nf a   lin',.     >   link   is  defined  as   the hand movement 

between  two controls  and  the eye movement between  two displays or 

between a  display and  a   control.     In  kir.ure   1   links  arc1  shown  between 

the display.;  and  controls  ennloyed   in  the   M'iin   local i "at ion  sub-tas1 . 

Links   involved   in  the main  seauence of actions  are  represented by solid 

lines.     Those occurrim.   in  co--*-' tii'.ency  sequences  are   represented  by 

broken   1 i nes. 

The   first   stop   in  deriviir; many   »F the   ir'"'e>s   is  to  convert,   the 

information  shown   in  kiyure   1   into a  1'rk  Value  TaMe   ('Table 5),     bach 

1 i id    in  ';i)',ure   1    is   listed   in  cided   form   in   colir-n   1   of Table  5.     '''he 

first  number   in   the code  refers  to  the di^plnv or control   from which  a 

givtm   link   lea\-es.     The  second  number  refers  to  the hardware component 

which  the   link   then  enters.     In columns   2,   3,   and  •'!  of Table  S,   the   fo 1 ■ 

lowini'  data  are  recorded   for each   link:     P   the  nunbor of times  the   linl 

is  used;   .1)   the   relati\'e percentatTe of use of a   link   leavinj; a  piven 

control   or display;   and   5'   a   lin!   v;ilue  which   is   the product  of data 

.">" 
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(•(.vonlci!   in   the  stvcuu!  ,'in.!  third  IM 1 niniis.     In  columns  .r>,  6,   7,  and  8 

i>;'   i iMv   :.  chrek   ^.i!'!,-.   ,'!■• r-ntLTod   to   inlir.itc ivhetluM" r.-K-h   linl-   value 

i ^■':   !)   the  inx hrr1  "ilne   l"!vin",  :i   eontrn!   and  enfefint',  a  display 

(I ihle  .~ ,   linl.   l-'t;   .'i   the "taxinun  value  eiiferin^   (Table   5,   link   1-3"); 

3'1   t lie maxiimi:n wilac   le:i\';iu.',   fl'aMe   '.'■ ,   link   ."-U) ;  or   11   none  of"  the 

e.-ises   ,d<e\-e   ! I'aMe   .. ,   I i nk   1 -■!! . 

I he   i m'oiTiat ion   in  Table  H   is   used   to  (;enerare   i  panel    lay-out 

di.i^i'ar.i   in i.'ii^h  controls  rrnd displays  are oriented according  to a 

sequuncing  princinle/tochnique.     r ised  uiion  this  principle,  displays 

and  contrnls  ;ire  arranged   *'rovi   left   to   rin.ht  or top  to bottom accordim; 

to  a   serie.'-.  ei"   rules   described  by   ''ei-.ler,   et   ;i 1 .   'I'd'-iSl.     A  panel    lay- 

out  diagram  t'er  the   I I1 10   I oca 1 i "at ion  sub-task   is  shown  in  b'iguf'C  3. 

solid   lines   irhiicate   links udiic'-  i:io\'e  from  left   to  right   in  accordance 

with  the  sequencing  principle.     Broken   lines   indicate   links  which  move 

left,  directly up or down,  or wnich  move  right  but  bypass  one or more 

controls or- displays.     These   latter   links  are   in opposition  to  the 

sequencing,  principle and  represent   breaks   in  the operation  sequence. 

Three   indices  were derived   from  the data  contained   in  Table  5. 

The  first  of  these was   the  total   number   fNl  of displays  and  controls 

used  in performing a  sub-task,     for the  llliin   localisation  sub-task 

(Table  51,   K equalled   Id.     The  second   index was  the total   number of 

response  actions   (I'M   comprising  the  ^ub-task.     In  the  14I:,in   localisation 

sub-task T\  equalled  21.     finally,  a  total   link  value   fl.V")  was  obtained 

for each  sub-task.     In  the exannle being  used   fTable S) ,   l.V equalled   l.vvl.'l, 

I'ased  upon  data   contained   in  figures   1   and   3 and   in  "fable   S. 

five of  the major   indices  desciibed  by fowler,  et  at.   Cl'ddR")   were 

derived.     'he   first  of these   fs'.")   exiiresseil  the degree to which  the 

sequencing  principle was  applied  to  the  console under consideration. 

It was  calculated   from  the  following   formula: 

_        ....... WtttttiiiÄÄrtW*!— .„JiMäMMdAMtaMU*  .   ■. ... ^.■■..■. i  ■■■' 
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uio 
OR 

OR 
nay. 

|l(i,i   -—'--l 

'•inx 

, whore 

ilR   ■   l.\' i,Miiis  "ot;il   link  values  which  are hrcaks 

in   'ho (incpatinn  sfqnoncr on the actual  panel 

max 

max 

'■'an'o  as  above   froni  the rnnel   lay-out  dinpram 

(I i suiro  31 . 

I       Total   nmn'ier o'" sequencinf,   linens on   the  actual   panel. 

Total   mmher  o1'  soliil   linos  ropi/esent i ni1   left-to-ri rht 

lin'.s   i r  the  nancl   lav-out  diap.ram   fFiourc  31. 

I'or  t!u'   1 !• i"   local i ::at i   r   -nb-task 

.:  K^l 
(^(>.o 

-1   +   I 10(1 --   ;".(>" 

\   socorul  inajnr   index   f.\.\"."i   reflected  the  extent   to  which   the 

sub-task   involved   few or main-  alternative action  choices  out  of each 

hardware   item.     The percentare of alternative  actions present   in  a 

panel   operation was  riven by f]-o  Formula: 

W 

,\\ = 

!()(l(AA '  ^min 
.\\ 

max 
AA 

,  where 
in n 

AA 
max 

A A 
m i n 

the total   link  value   flA'l   for an operation 

IciM'T.V),  where   I'A  =  total   number of response actions 

1 PiM'--.--) ,  where \  =  numbor of controls  and displavs. 
\ -1 

In   the   tirid   loca 1 i :.at i or  sub-fnsk   i'A -  .M ,  \'  =   10,   and 

.l.vvl.-!    -    ''W'   " 

.; bm - j(i( . 
50'!. 

\ third maioi- index, brea1 s in operation sequence fR0S"i) , expressed 

the decree to which it- was necessary to emplo}' controls and displays 

alread 

displa 

used within the sequence of operations, or to use controls and 

^ employed prednnunant-ly durinp, later stajU'S of the operation 

■ ■■ ' -■ ■  ■ ■ ■ 

... ...... ^—^f..J..., -i.^ ^ M j ^ - ■ - - ^--u   i    | ■,   - - -. -^..i ^^^.»/^-^^^L.^..^.. . ■ w.^ ^..t >..... » . ^.t.-;;.wi ^^u^i-a^ 
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sequence. Tlicsc "reversals" or "jumps" represented breaks in the one 

ation sequence and were reflected in the follov.-in^ fornmln: 

BOS. = mn-f^-^:, 
max 

, u'liere 

BOS - the frequency of links which arc "reversals" nr 

"Jumps" 

BOS   = TA - N + 1 
max 

In the 14010 localization sub-task 

BOS^ lOO-Ä-:' 1 = 7,. I b 

A fourth index fF"-,] related to the relative frequency of use ol 

display ami control components.  In essence it represented the decree 

to which the use of various components coincided with their arram'.e- 

ment in optimum reach envelopes. The index was i;iven by: 

max 
where 

ma x 

TA 
1 -1 

N/3 

TIA 

TA0 

"NT? 

T..\3 

v73 
^ ■21 

TA, , TA.,, and TA, = the tctal actions for each ol" three 
12       -i 

groups of controls and displays with each eroun containinr, one third 

of the total number fN") . The procedure used to establish the groups 

is given by Fowler, et al. (1968, p. 221. 

Fn the MlilO localization sub-task 

p, . HUUf1^-^^! 
;i .uil 

tifiimiiämiiimmitimmtmimmiiiimtmmm -■ ■    ■-     ii mm i  Hämmmtttitätäiimäämm 
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\   t'iiiil   iiul"X   il   l   »•.•.•is  d'.M'ivcil   from  i n^nrmat ion  shown   in Table  2, 

This   i iultvx   i lull cat'''.!  the i!e.",re"-  to whirli   iiniKvtant  luardv'.'!'1'!''  connifiien's 

v;crc   liuMtil i-,it!i;n t1i'"'\r(iTt   :(ines  of  tti'."1 pane!.     Tlio   iiulcx was «ivm 

!iv   the   I'onmi I i: 

liini 
(iii-f       '-l v he-e 

I I 
!,   -   X/3 

ii! \7?  -  0 

1.,   ',,   I      -    ill'.'  imri'ier   ) ' eonfrels  and displays   reeei\'in< 

inporfatice   'Mtinrs  nt' three,   tv»,  or cine H'aMe  2). 

in   the   1 llld   IPC 'Mr. iti.v,   <,,!,.fiTci; 

ma- inn •_].■.. 

'15.?' 
(}" 

J.1,1.3    .-Vld i t iona 1_ 1 nd i ces   -  Deriwitinn oT \"nlucs   for the remaiii- 

ir.g generic  and specific   iju'iccs wns  «traight  for^art!,    \'alues  for these 

indices  wee ontained  primarily  either  l:rnni  inspection  of tlie  types o'' 

■data   shown   in  l:ii',ures  1   and  ? and Ta!'les  1   and  2,   nr during de-hriefinp.s 

vvit.h   instructor personnel.     As  will   re discussed  later,   however,  not  all 

of  the  required   h,format ion   fi.e.,  displjiy/control   ratios,   signal/noise 

"atios,    idtosnhcr decay  rates,   etc.")   was  readily availnMe, 

2.2     Predictive ^ethodoloi'y 

ileneration of a  set  of quantitative  indices  for the description 

of trainee   I'o"   i nstra-tor)   tasks   is  only the  first  "-top  in  rcsolvin;'. the 

trainirn',  pri. script i on-pi'ed i'.•' i,in  issue.    Given  a  set  of   indices,  attention 

,  - -    -  — ^—^— ..^__^__^__^^_^ 
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must  be j'iven  to their utility  ns  iireiiictor-:  nr  1 earn i 11;'   i tie 

ficiency  levels.    The abilitx- tn ninke siu-1, •r-r-ilivM-io;v    i - .    : ' 

the ultimritc purpose   in  nM ompt i H'."   to dceld" -i  citant i tai i^r. 

ana Ivs i s mcthodolouv. 

Use of  the   indices  tleser i iicd   ahi^'e  to  :<'-i-i!ii'    h-arnin;    >■■■'<••.  . 

proficiency  levels on actual   Knvy  trainint'  '.tex'ic^s was   '-eyn-) :  •'",■  ■■.,■ .n •■ 

of the  present  e!"l"ort.     '.'overtliel ess ,   it   'a--   ''elt   ila!   a   ■Ic ,>:"i ra' :
-T 

of  the predictive nethodnlnjiy  vi-inld  He valuahlt«.     ' reordi iv h-.   a  n---' 

dictivo*   situation u'as  arranr.ed.      \   mun^nr o'"   learniiu'    ■tudio'-   h:>\ \-;r  ;> 

common  neri'ormance i'ieasure were  abstracted   •>n"!  t'T   lito-atiiro  and 

described   in  terms  of a   selected  set  o(' miant i tat i ve   inkier-..     '''■ • 

purpose of this effort was to dcternine the   "ea^ i ^ i 1 > f>   o'" us i n • 

quantitative task  characteristic   indices  to nr^did   learnini.:   >•■''■•'•■  i"' 

proficiency   levels on different   tasks. 

Five major steps were   involved   in the nost-dictive  exercise. 

These   included:      11   develontncnt   of a   rer.ression  "'■od.e! :   Jl   ^election  n*" 

tasks;   3)   selection of criterion neasures;   1'   selection  and  a-- !;,■■■* ;.>.i 

of indices;   and SI  data  anah'sis. 

2.2.1     ''egression "odcl 

A mil ti nlc-rerress i on model   was  dcveloned   in  which   fas'    c'-ar.^-.T 

istic   indices were treated as  n'Tdictnr vari ■■■dc-l   w-- 

upon  tlie premise  that  the   indi;es  couh'  'u   used   to  n'aVict   a'/era'.'r   l'\'n-n. 

i ni;  rates  or proficiency   level-?  on  different  tasks.      'ive '■ore   i'- 

restrictions  on  the model.     !'irst.   tasl s  had   'o  '-r  de^eri'-ed   i i1   *,'•■■  n'" 

the  same  set  oi"  indices.     Second,   tasks 'vid  la 1   snare civ- rwi   ^C'-VIM' 

measure   (e.i'..,   time on  tarr.et,   jrrnHabi I i ty o1' iletortinn,   '''.•.> 

rationale   involved  in i'enerntion ot" the model   is "rosented  ^■•1. 

■•'■1'ostd i ct i on simnly ia,!'er^ to tlie fart that OK 

used, whereas in prediction, ar''a?iy.e"vnts ii 
cordancc  with some  specific  c xuerinrnta 1   d'".i 
precise  control   o\au' i'ian\'  \-a i i '!•! i"-,   in   MM  
set   of   data   for  ana 1 \> i s. 

'.'Vi    ■ r' 

HHÜMMMMIIHliiliü mmtm mmm HWM 
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In  iho L'onvont ional   luvdi cr inn problem,   subject characteristics 

('e.t;.,  aptinule i-r .ii-Mitv  tost  seorcsl   are  treated as predictor variables 

and are nsed  ro  nrodict  Iwvv   individuals   in  a  particular p.ronp will   per- 

form mi a   ^iHviri ■   '.i.-'v.      \'h\*   hvid'   to  a  nm It i pi e-repress i un  equation 

which  v'iiii  ho   ropi'o^oiifed  as; 

vii   ' ain + :,iivii  ' :,i:xi.: ;'ii,vii. 
lui. n 

Vvliore 

Ih 

predi ct (.-.1  porforuanoe   fof   iiidivi<.hta 1   "i"  on  task   1 

iV'Mvss i MM  L'O'M'i'iei ent   for  the kth predictor variable 

score  o:'   indi'/idna]   "i"  on   predioror variable  "1''. 

If the subject   nredictors   ; i1 !:it.   I   KCIT all   standanliml 

variables whilo   the  measures  V    were not,   then  a, , Vvould  eriual  Y     ,   the 

mean of t!;o obser\'Cv!   criterion measures.     In  "-score  form  the  rerression 

equat ion KOUId  bo: 

V     + 
i 1 1 lk"ik   - iTq.   21 

ftpiation   I   or  2  would provide  information  on  the  relevance  of 

various  subject  characteristics   for prediotinr   the performance of an 

Individual   on   task   "1".     But   task   "1"  has   its   own  characteristics. 

These characteristics  are  '"ixed.     'hat   is,   thev  nre constants  which  .are 

not  represented   in  I.q.   1   or !:q.   2,  and as  such  they cannot   influence 

the predictor coefficients   ^' , i. 

Suppose, however, that rho oru;ina1 urouo o1' individunls per- 

forms on a second task I .T). In addition to \\\, 2 there will now bo 

another mnlt i p1e- repressi on  eanat i on: 

V.:  =   V.   -   a,,:..,   +   a. 
■' ;l.:KZb 

fhq.   SI 
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1 (•' the two equations (l;q. 2 ;incl la. 7>) differ cuily wirl; rfvnoct ■;,• ;!i' 

first coefficient (\\ nnc! T-,] , rmd the tasVs h.-i-re l-.r-on rior!--'i'-t 2 in ''< • ;;i 

of some common pcrfornumcc iiirtric, then this is nnni \-nlent tc findinr 'i 

significant difference between means. The di !"'";■ renc^ (H'twern •■■.■•!■:;■ r;'n 

only he "explained" in trnns of di fferoni-es ''otween the la'-1- r'n^vse! • v 

(In the present study the attempt has been made to represent these di'"- 

ferences c|iianti tat i \'el \-,   in terms of the tasl   charncterist ic   indien?.' 

If the concept  of differences  boluern  tasl.s  and  consennenl   dif 

ferences between mean?   is  extended  to a  set  or tasl s the 

same group of individuals,  a variable  (Tr.l   is  created, It  can b,-. 

hypothesized that  the specific value?  of this  variable s^o-.tld hi    ")••- 

dictable  in term?  of task  characteristic   indices.     The multinle- 

regression equation would have the  following   ''or";: 

V    = b      +  h  ,1   .   + h  ^1   , 
m        mo        ml  ml m_ ni- mn mn 

f!'!.    -! 

where 

V    = iiredicted mean pcrformnnce  score on  tasl   "r" 
in 

fe.g.,   V,    ir,   'ci.   2,  or V,   in   !'a.   3,   rtc.1 

mn 
regression  coefficient   '"or  the nth  ta; 

predi ctor w r i aM e 

I       =   index  value   for  task   ";''"  on   tas1    i'r'e-'   "n 
mn 

l-'quation -1,  tlicrcfore,  wn.   explored durins"  the post-die S* '1, 

2.2.J Selection of Tasks 

four criteria were est.-iM shed to aid in the selection of s'u-'ie: 

v^hich could be used in the post-d i et i'/e exercise.  rl,.e 4"irst criterion 

arose from the need to express "lie nerformance "ieasure< in toi—s o'" • 

■,o 
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cor.tmon  metric.     i'o!isr(|ueiit'l\',  onlv   tiuisc  stutlics were consulcrcd  which 

rerortcvl  :i   "pircnt   t ii'K' on  rarsjet"  nerrornmrce nicisuro.     These were 

s'uilics   in  ivhicii   wirinus   trncl.iti1;  tasks  wore  omploy^il.     The  secontl 

critiMion   rcqiii rcni  t-hnt  ;i   loarnint;  curve  bo   ropartcd   in  wh i cli  ilatn 

woi'c  awiiiahlo   I'or  at   !ea<t   ton  ili Fl"ci'cnf   points   in   lime.     A  tlnni 

eriterion  K'av"   tint"   each  vlata  point   in   the   learning,  curve  he  iviscd  on   a 

rainimuin of   ID obf-cr\-at ions.     The   fourth  ami   final   criterion  was  that 

there conM  ho no  change   in experimental   comlitions over the course 

of  the   learnirii',  cur\-e   I'c.r..,  administration  of a  drnr  after  the   fifth 

soss i on,   etc. ■ . 

Approximately  P.sn  studies  were   examined   in   terms  of  the   four 

criteria.     I rum  this  sample a  set of only  22 studies met  all   four 

criteria!     These  studies   repres' '^ted   the   followini'.  Minis   and   numbers 

of simple   lahoratorv  tnidvim;  tasks: 

a 1   rotary  purse i t   (61 ; 

K1   two-iiaml  coordination   (41; 

c) pedestal   sight  iran i pul at i on   f31 ; 

d) special ir.ed   tracl^ini1,   tasks   (31; 

el   rudder  centre 1    (',21 ; 

t'l   turn^   pursui 1    HI; 

<', i   pi lot.  s inul ator   ( P ; 

hi   Iowa  pursuit  apparatus   (11; 

i1   wheel   turn i mi   f11. 

This sample was used as a basis For generatim; the desired regression 

equation. Tb.e specific studies whicli were employed are referenced in 

Appendix D, 
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2.2.7>    (.'i'itcrion Measures 

The basic learning d.'itn for c:ich  of ^ho .72 '-tinü'1, rorvi 

the percent time on target f'.TOTi attnined in rclatiot; to t\u- 

minutes of" practice on given tasl.s.  !! rce types of i-riterioii 

were derived from these data incliulini': 

■- ! C ■.' O '' 

nil-',! , • r 

!:'i'asnr( 

1. the percent  time-on-target  attained after  1.3,   ".   I'1,   If' 

and  20 minutes of practice; 

2. the amount of practice  (expressed  in minutes)     rrqunvd 

to reach TOT proficiency  levels  of   11",  SI",   M'', 

and 71";  and 

5.     the  increments  in  ".TDl   after  10,   15,  and 20 minutes 

of practice against  a  "„'WT bnse-line at   five minutes 

(c.o.,   "JOT at  10 minutes  minus  r TDT at  five minutes,   rt.-.i 

The first  two sets of criterion measures  addressed  themselves 

to the effects of practice on proficiency levels.    The third  set  was 

employed to obtain measures  ref ecting rates  of learning. Tl ! e s e 

measures were adjusted in terms of ;m early level of proficiency :n an 

attempt to equate tiie different subject samples on early sli 11 levels. 

Unfortunately, all twelve criterion measures were not availaHc 

for each of the 22 tasks sample:!.  F-or example, su'yiects in some studies 

failed to reacli "K.TDT; in some studies 20 minutes of practice uas not- 

given. The net result of this attrition was that different numbers of 

studies were available for different criterion measures.  Because the 

sample was small to begin with, criterion measures were employed '"or 

which a minimum of IS studi'es i-as a\'atlable. The three criterion measure 

finally emploved were:  II VfOT after fi\e minutes of practice; .'' the 

time (minutes) required to reach a TOT level o'" -11" ; and c) the incre- 

ment in uTOT between fi\-e and 1 ? minutes of pr-iet i er. 

■11 
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I'M' i I '-.T i i in   11''   ' •!•! i r'.''.^ 

Hie   ; um'>■-•'.• ■>  fi'.-'c' in",  ■ fmlu^s  v.oro nht;n*n<\!   in   tlif,ir  nTitnnal 

roniis   fiMni  t i'.o   I i f ct'-tfuro:  V.IMMI   ivlVronros H'OI-'.' svi-rn   ?o more  cornnh'tc 

ilo^cr i pr i mis   cf .■innn r.i tus   rhese  urr-'  ;i i sn ruHtnirrtl.     I'.'ich   track IT'S'   tasl- 

was  dcscrl hi'il   in   VT
!
'I:

;
  O','   KS   'a^i    i-;r!'Mi,-; iM'i .■ ;■ i-■   ritini;  scales,     Tljp 

scales,  '.'.c!-!'  ,'invlii.ii  !>»   hvn   t ra i neJ   •■atrfs  KIM'  \ IM-I 1\
!   i islcpciultait 1 v . 

Upon  cunplef ion o!" tl'c  i-.ir MI-',-; ,   : lie results vvcrr' comnarctl ami 

an  average  sot   of  ratrim'.s  I-.MS  JoriviJ   r.ir oaci;   iracl.Mi",   task  um'cr the 

to 1 low i m'.   rule-;.      !iie  two  r.'fin/.s  '\i  eac'i  scale KCT'C  a\crap,e(l   if" they 

vvci'c  no nitH'e  lhan   'v.o poin*-  apart.     1;" thev  Jirfi'-reil  in- more  than  two 

points,   thev '.ere tliscusse'l   in   ',')■' presence o1' ;i   t'i!r<l   rater who  ser\'o«l 

as  a   final   arbiter.     \pprov'nna to!'.   .\"  percent   of the  ^.^^   ratings   ("i.e., 

is   indices  applied  to  .''  tacts')   '■-Muiireil  arhi f rat ion.     It   shouUl  be  noted, 

parentlu^t i ca 11 \-,   t'lat   fire i-o'v  scales  ivere applied  to  the  22  trnckin;', 

studies   than  were  used  to describe  the   trainee  sif'-tasks   in   the  sonar 

'rain ins; de'.ices.     ihis   i ncrei-'on t   resulted  from Ihr use of certain   in- 

dices   (e.;',.,  der.ree of muscular   »ft'ort   iie.'oU'ed)  which  seemed  germane 

to  the  variety of  tasks-  sampled   from  the   literature  but  which  did not 

seem  relevant   to  surveillance  sc-te"'  sub-tasls. 

The  PI 1   and major panel    lay-out   indices  could  not   be  applied  to  the 

types of simple,   laboratory  tracking  tasks  taken   from the  literature1. 

Nevertheless,   an  additional   set   of    ]u   indices was  also  applied  to the 

trie1 in>'.   tasks   including  such  descriptors  as:     1)   number  of   tracking 

dimensions;   21   number (if" control   elements;  and  ."1   number of display bits. 

I'onsequent 1}',   each  or  'he  22   ''asks   was   descri'^d   in   terms   of  28   indices. 

In   regression  analysis,  however,   the number of predictors  should 

never approach,   let  alone exceed,   the  number or cases  sampled.     As  the 

nn-i'vr  of  predictors   approaches   the  mnVo- of cases   sampled,   the multiple 

iv',ression   co"f f i cien!   becomes   spuriously   large  and  un i nterpretaM e .     In 
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the present study, therefore, five rntinp-sc; ilr indices uc-re seie^M'd 

;is the basis For one analysis, and five "himian-onj! i nerrinf" ini'ires 

were used in anotlier analysis.  Indices were selected fnnn 1'ie total 

set of 2<S on three bases:  I) hypothesi "ed relevance to the criterion 

measures; 2) relatively low i ntercorrelations '.•.; t i) other ijuliees; and 

3) normality of distribution. 

The five rating-scale indices included: 

a) degree of rauseulnr effort involved O'MSC") ; 

b) simultaneity of responses fSl^'l; 

c) numher of output units fllVITl; 

d) number of responses fVO. m; and 

el variability in stimulus location O'ARSl . 

The five additional indices selected for separate analysis 

included: 

a) number of tracking dimensions [TRAri; 

b) number of control elements (,Cn\'!'"l ; 

c) nunlier of display digits flMSDl; 

d) length of duty cycle d'MTV) ; and 

e) ratio of practice time to dutv evele fKORK"') . 

Data Analvsis 

Six multiple-regression aunlysc^s were conducted by evaluating the 

two independent sets of predictors in terms of the three criteria spe- 

cified above. Three additional analvses were also conducted in which 

predictors from the two different sets were combined.  Tho muttiple 

regression coefficients were generated by performinr Mne.-ir s U'i'-wi •-■i' 

regression analyses.  Ml analyses were- conducted on an II-"1' 1! 5n cor- 

puter using, standard statistical nrograms. 

IS 

■■ ■ ■ 

I  T IE ■■- -■- -'■'••■■: 



v,\\ !: \ni-.VCi >.  !.'.).-(■  n ''^.-l 

Iv.i)  J.ifi'i    ■;■'.   ■ .■■ ;    "'   -(^iuli ■   .iro  il^-'cr i'HMI  ;iml   iliscusscil   in 

t!iis   :;'.<•;'!•••).       ;      '": r  "    ' •'   ••'"   "■.■■■i'.' -  »■nncmis   t'ir  rittempt  to  ;IIMI1\' 

quant i ! ,1' i \      i';.1'•.•<•    •■■   i r,''■••■■'' i .>'•  n'it a i'U'«!   fr.in  ail   anaU'sis  of 

traini'''   ■'■ i     ' ■'   '■    in.   ■■<'].'■•  '■rasüini'  i!i'\'i ro--'.     '.\'c  socoiul  srt  rolatcs 

I .i   ' ; .■   ■'>'.■•-';.•":■>!]   -■'", i i .<-■.   ; ; ii-'   v. TI'  uiulort al.cn . 

;. i    i .'■■'   ■■,!'.   t- 

' i-,.k 1' ' i >■   i ii'">>! :'!-i • 'n~n  ua.s   do ri vo-.l   in  iTikM'   to  npiily  1 wo  di f- 

i'i'i'cnt   '.ct.-  .,'' >:•; m; t; a' iw   i"!  ■.■'-■'.     ''.oncri c   iiuli-.'os  wrre used  which 

cut   acrn.--.   iriin-''  '■'.n ■••,;-;'< .     ''U.-x- ucrv  con^ri sod  of P!: 1 ,   panel   lay- 

out   and   ! a^l-t'.'PJ",   :'•' i in'--ca lo ,   and  r: i sec I 1 anoous   indicos.     T!iO 

second  -■'■'   o1'  iv'u';-   ',• .■;•!   i   MT  siiocific.    They  wore   relevant  to  some 

hu'   n^r   to a 1!    >'"  ! lie   t ra i nc   ■ i'»-t'asl s . 

aanTi ,■ CO' 

r i,-! - malvtic  data  obtaimnl   from sonar training, devices were 

used   to  derr\e   Mie  "'mnan-em', i neeri nr," and ni see1. 1 ancous   index  values 

sur'.iiia ri .UH)   in  'fn'Me  '<  and   the   ra t i in;,-<ca 1 e   index   \palues   shown   in 

i d'le   ".      in  !HV;!I   taMes,   index   values  are pn^enfed   for each  trainee 

su'i-ta   l   and  device.     Mean   values   for  each   sul'-tasl:   arc  also  shown 

to   facilitate  exanination  of  the data, 

a, 1.1.!     ei -.alav   'x-a luatiee   Index   -   \s   sl'.own   in   labh«   fi  the  iM:l 

:ipnea-'s   to  di scri ni nat e w" M   In t!'   an oin',  and within   trainee  stih-tasVs. 

l.oKe0.t    infofiiat ion   transfer   'snalle^l   i|!l   valiic-O   is   shown   foT the 

>-et-up  and   .• 1 is<i f i eat i on   <:i'i-i a-! s .     'I'he   relativelv   low  'values   for 

1 1 

_^^^_^^^_^^ 
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c 1 iss i fi ^:i; ion  I'ei'lccl   t-ho nocir clnssl fi c.'it ion  performance which lins 

hocii   I'IIMU'VIV! both   for  n.-ssnv ami  [u'tivo  sonar  sinna-i 1 lanco   ('hew 

nul ''ira!'L'11.1,   i')t,s*.     !'h i s  result:   lends credance  to the di acnost i c 

value nf  \\\v P! 1.     l'tirlher cr^dancr   is  ehtained   froni a  comparison  of 

the values derived   I'M-
 an original   and a   revised  set-un procedure on 

HUJ   MIS.      llic oi'i o.i na 1   sequence  i'iven   to   the   ! in'est i j'.ators  by  the 

1 i! .>  i nst met or  included  srens hliich  anneared  to he  innpiiroprinte 

(i.e.,  nsins  eonti'ols   instead of  indicators   for   feed-hackl   and  unduly 

repetitive.     Iherctore,   tlic procedure was   revised  slii'.htly,  and.  the 

PI 1   recalculated.     The ou'coi^ ■as  an   improvement   in  information 

t ransmi ss i en. 

The I'll   requires  detailed  task-analytic   information   for  its 

extraction.     Hiven   that   information,  however,   extraction  of the  nm 

is   for the most   nart   routine.    The major difficulty encountered  was 

determination of  the number of-" states which  controls,  and   in parti- 

cular,  displays  could  assume.     \n  example  of this problem was  deter- 

mination of the number of display states   For various uses of the 

IT1.    To deal   with   this  problem a  number of conventions were adopted 

which were consistent   from analysis  to analysis.     Other analysts  such 

as Siegel,  however,   possibly niij;ht have applied  other interpretations, 

for example,  when  the  ITI   was used  for  tracking,  a nine-state display 

was  assumed  for  both  bcarinp, and rani'.e controls.     Whether the operator 

was mani pulat i IU', his  bearinc, o-  range hand-wheel   he had  to "read" 

cursor position  vis  a  vis  the  "arget   in  one of nine basic   locations 

fe.g.,  on bearing,   leadim;,   lagging; on range,  short,   long;  and two- 

way combinations  of  those"). 

In  general,   however,  application of the PI-T  was  strai ght-forward. 

Values  could  be obtained  fairlv quickly,  reliability did  not  appear  to 

be  a  problem,   and  the   index differentiated  su^-tasb.s  and  devices.     The 

umammmm a ■",-'1--'"-'"j'-"'"-'"—■■-itumiiiiiiiiii '"-''■" """"'•    '-IIM^ MMM^ mm* 
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DHI possessed cliagnosti) 

impressions of su'-iasi- dirfictUtv 

ic value and was nmiitivr]y satisfy inn., vnrvino 
in accordance with subjective 

3.1.1.2 Panci Lay-Out and Task-Type indicfs - The scn'en nanrl 

lay-out indices shown in Table 6 also differentiated brtv.cen and 

within sub-tasks.  The largest number of responses fTAl and control 

and display components fN'l were found in the set-up sub-tasks, v.b i I e 

tlicsc same sub-tasks also possessed the largest link values fLV").  'ir 

interest was the fact that Fairly lar,o,e linl values were also found 

for localisation and classification, sub-tasks involving feu- displays 

and controls.  In these cases the large link values reflec'cd the 

cyclic or repetitive nature of performance,  '-'ewer controls and display?- 

were utilized than during set-up, but they were ermloyed more fre- 
quently. 

Values obtained for the sequencing technique index (^ c,n v,rv 
from  *■- ■■"-  _..  - . ^-"i   i'i M 

:ero to 100.  The higher values on t 
his index reflect relativelv 

better jiancl lay-outs in terms of certain sequencing principles which 

arc intended to enhnnce operator performance.  IVitli this i ntorprel a' i or, 

in mind, two features of the S" data shown in Table 6 are of interest. 

First, within each of the three devices, as one moves from set-tm 

through detection, localization, and classification, t 

crease successively. These data suggest that tl 

been designed to facilitate classification 

rom set-ii' 

ic S1' values in- 

ie sonar stacks have 

performance, at least in 

terms of panel lay-out, with comnromise designs being employed in the 

other sub-tasks.  Second, the S". values associated with the original 

and revised l-1Ii3 set-up sub-tasks appear to be inverted (i.e., t'ie 

higher value might have been expected for the revised procedure"! . 

There is no inconsistency however.  The data simply suggest that if 

one is to revise an inefficient procedure, one must also revise the 

panel lay-out upon which that procedure is based. 

U^M^MWOMMMII^M^MIMi^MaH^MiWMi 
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3.1.1..'-;    Mi sccl 1 .•incous Generic   Indices   - ''"lie t'ninl  t'.rmni  o*' 

indices shown   in Table fi represented  nn  nttcwpt  to annly~f i'u>  rnr.'i] 

number of trainee actions   (Til   into more  specific  tvivv,.     ■rhr^c   in 

eluded: 

a)   control   responses   f-CUsl   wliich  were direct  nanin- 

ulations of controls  in  response  to a  displav 

reading,   Fixed   instructions,   or  to the   i nstructor'-; 

di rect i ons ; 

b")   feedback  responses   f::,:!,.,;.s)   vine!1   renresentt-d  di.'iil " 

"readings"  to  corroborate  the  e'Tects  o'" control 

actions; 

c) information acciuisition responses ('MA'^sl '.■.hie1' 

represented readings or disnl.iv? to ncquiro in- 

formation;  and 

dl   instructor  initiated  responses   ("••••'!nsl  ^hich  rornv- 

scnted  cases vhon  an   instructor  enternd  or  told   trainers 

to  enter a  specific value   into  n  control. 

In addition  to  these response-related  indices,   the number of non-nornal 

repertoire response?   f^NRRs"),   the number of redundant   inroraatior   sntirci-'- 

f'Rls)  and  the  time  for sub-task  completion   (Timel  were  also  a^cerlaino-' 

for sub-tasks   in  each  device.     These three   indices  are  nor   shc'T   in 

Table ft because they failed to differentiate at   all.    T!ie  four   indices 

(i.e.,  al   to  dl   abovel  wliich  are  included   in  'table  d did  not  di'^'eren- 

tiatc as  clearly among  the sub-tasks  as  did  ot'-ers previouslv  descriKed 

N'ex'erthelcss,   they were  easy to anply  and  generated data  o'" sone   iiitc,,-('Si 

l-'or example,   instructor  initiated   responses  were rest  evident  anong   t'^e 

set-up sub-tasks.     The value   fell   to  r.ero   '"or  local i r.at ion  and  classil'i- 

cation.     Similarly,   the  information  acnuisition  responses  varied  not icon' 

both within  and  between  sub-tasks. 

•Hi 
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■'.1.1. 1     I M1, (ü.aracf IMM st U   iL'itin;', Scales   - ''"on nf" the tltirtorn 

■^.ilt'-;  »„liii-'i  uiT"  anpliml   to   t lie   t,r;;   analysis  data  a rr  shoKD   in Tahfr  ". 

:]'.r   'Ur<'r  ■^.il'"'.  ivliii.'!'  .uv  nnt   sh.vvn  i.   r^ "i M1 i H rd   to  iMM^'idc^ emmicrn- 

t:1.;'   ra!   •. ;•   '.hin   raliDi;  Ja*-...      'ao'- ■   scales  eorresiKiiul   to  the  \',  T\,   ntul 

■ I !:!'   : ii.li v   "iv io'K I «•  ,1 i ■^ai<-;rJ   i i:   raMe  d. 

1 he  ;io--.t   ■;:i-iMiii'.   leatnre  c'   th ■ data  presented   in   ''aM"  "   is   the 

••i    ilaritv  oi'   i nde.\  values  acrn^ •   su^-tns! s.     Mthouj'h   some  d i ("'"erent i a- 

t i on   -öl i|   within  and  I'etua'en   sii,--tnsi s   is  e'itainetl,   it   is   not   as  pt'n- 

iiouneod  as   Msat   •■'oun   in     a'-lr  (v.     T' is,  o'" eoiicse,   is  due1   to  the  fact 

(.hat   r.os!   o'   f iio   raliiir.:.  i'.ei'e  'lascnl  upon  seven-nnint   scales,     ("onse- 

ijiietUl)',   the   ran1 ■ o>' t'ossihlo   i'idev  varia'ion vas  Vfrv  restricted 

felati'.'e   to   ; ' r  ratiia-s  i'ossitilc   for other  indices,     '''he   restricte<! 

riiii'.i.' of valuos u'h i eh  the    ea.'es  can  assirv   is not  neccssni'i Iv a 

liahility.     1 veil within  this  '■nail   rans'.e different  scale  rnlues mav 

actual Iv   rot'l'-ct   il i rl"erenees   in  nerfomarce. 

Insofar as  imssihle,   ho', o'er,   the  rating scales  enploved   in  the 

present   study  shauM  !ie   revis   ■'.     "any of the consnaicts   unon  which   the 

scales  are  hasoJ  seein valuahie.     Moue'/ei',  other means   for  their qtinntit'i- 

eation  shoulvl '^e censtdered.     "ovo direct measurenent  of those  tas' 

character i st i t'S ivould not  onlv erhance   index  reliahility,   hut  would also 

eernitt   a   i'.reater  range of variation.     T,-ese nod i fi cat ions  would  result 

in   indices  uhich are sensitive  to differences amoni»   ''airlv complex tasks, 

dilferencos  ivltich at   present  are nnsstMv hcing nininT"e<l. 

5. 1.-     Sneci fi c   'ndi ces 

In  addition  to  tlie va-ious  generic   indices described  n^ove,   the at- 

tempt   'A es  ■■a,!"  to annly a  sof  ^''   15  snrcii'ic and   li' training  tcc'mintie 

indices.      I'ho  results were  ''enerallv   i nconchtsire   | i . (%. ,  ranv  sneci^tc 

iiulico--.   could  not   'e .niplied;   wdion   the}' could  he,   t'iev did  not   clearlv 

d i scr i ;;i'vi; ■.-   von;;   t asi.s;   and   t •aining   indices icere  simnlv  hinaip-  state- 

•nents  ahout   the in'esence or  ahsonee  of a  "•'reer.e" caiiahi 1 i t\',   i'nr   in- 

stai;ce5.      ftulicos uhic1,  Civuld  no-   '-e  readilv atinlied   included   ''ans'.e   in 

s:s;n.il   to   noiso   r:''io   (S  ''■ ,   !'oa"''is   anil   range  con'ro I-d i snl av  ratios, 

■ i'id   sir.nal   pers i s toner,     S'\  v.-as   di'-eetlv man i?iul n'^le nnlv  nn   fhe (V.  The 

"n 

..    :.   -J;fti^r»lfV*»WiB4lÖ*4»*'»W*»*Ml*i 
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nrhcr t'.evi LTS ,  using  tnpc   innnts,  nmlo imo of" unspecified  ratios,    ('ontrol- 

Jisplav   ratios  prusenled a  [irnhlern since  fbev varied with  ran.rc scale and 

i heretVvfe no s.irvlo i'alhe couIJ  !ie id-tained.    The persistency i'ulox rerpiired 

i n t'iMT'a t i "ii ai'imt   ii'io'-idior  t'ccax-   rates whicli was  not  readily ami laMe .     !IOH'- 

i'\i'i-,   all   l he: e   inJices   a-'e  not"ent'i al !y available   tn  a   s\-stor:  desij'.ner  and 

t hev  are  s t i'.n i f i can!   foi-  the  fi'ainin,»1, nrocess   ICoi-coran,  (lamentcr,  H'el^ster 

f,  IVomthead,   I'K.S;  "aelie  ;:  üarrdvedian,   h'6-1;  Mirai'ella,   \9b9:  Wicl-ens  .''■ 

i!ot ternan,   I'.i.'iS;  Short   '"   üati^'un',   1'.'d") .     'I'herefnre   I'liture attempts  should 

he  made   to   iiulnde   ! hei:i   in   a   predictive  scheine. 

I he   re;:':i i ni in'   II   specific   indices   l^ee  np.    17-jRl   could  he  annlied   !nit 

appeared  to ^c   •!'   limited  value.     Sori'o  such  as  variation   in  target   ranc^  and 

speed and  sequenci m', of" prn'deins were aiipl i cable across detection,  classifi- 

cation  and   loca 1 i r.at ion  sul'-ta^k; .     These   indices  provided  for  little  discri- 

mination  aiiioii)', devices  and   for  no d i scr i MM nat i on wi thin a  device  fi.e.,  problem 

characteristics were not  varied across sub-tasks within devices).    ntber spe- 

cific   indices were applicable  to only one of t'T   four  sub-tas's.     Some,   such 

as  bearing and  rara'o  erroi-  tolerance and especial]\- number of tracldnr,  dimen- 

sions  did  not  d i scd no na te well,     ■'''thers  did  vary amnnj!  devices.       These   in- 

cluded:     number of cues  aval laMe  for classification,   number of cues  used 

simultaneously,   number of   false  targets  used,   target   to non-target  ratio, 

and  number' of contacts  per minute.    Values  for these   indices were fairlv 

unstable,  however,   since  the}- were merely rough  estimates,  given by   instruc- 

tors,  of  the materials  appearing  on  various  tapes,     '"inallv,   information 

about  different   training  technicuies was of  little value  for the purpose of 

the  present  study,  because  they provided no differentiation among  sub- 

tasks  within devices,   and   litth    if any discrimination among the devices 

samp led. 

'A'ith   few exception--.,   the  specific  task   indices  appeared  to he arbit- 

rär i ly   chosen or   fixed   fv  euuipiient   design.      ''-e   l.-sck   of   flexiHlitv,   in 

the   t.iped devices  nart i cular 1 v ,  was  e-iina:--i ::ed   to  the   i nx'est iga'ors . 

3. ..'     !'i-ed ict i on  ct ud i es 

3 . .-. I     ''.i t i r-'.   '^ca I es 

! i ve tas] c1'. ii'-icter-i ^ t i c ■'ating scales were used to predict f'c 

criterion ef percent-! i'"e-on-tars'et (  T'">T) after '"ive minutes o'" 

^..,r-—-->-' V-! --■ --•.-■^rt-r.>^'_'».U»» 
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practice. The results, shown in Tnh1e 8 ::s 'Vnnlysis 1, imlicilr a 

multiple R of 0.7S which accounts for 601, nF the \'ariance in ,m, 

critcricMi measure; the correlation was s i j'.n i'"i cant i'o\ronil the .Mfi 

le\,el of confidence.  This criterion w.as vievcetl as the initial 

level of proficiency (an earlier nroficiencv level ohtnined at ]..?." 

minutes was not useJ due to the smaller number of studies yieldin." 

this measure). 

These same five rating scales KOTO  then entered into rerress i cm 

analyses to predict two other criterion measures:  1) the time re- 

quired to reach -ll". TOT, and 2)   an adjusted " TOT adiieved a'"ter 1 ,r> 

minutes of practice.  The latter measure was derived hy subtract in.!' 

the "i TOT at five minutes ^'rorn that reached at IS minutes, i.e., it 

reflected the increment in " T^T over the initial iirnf'i ci enc\- level. 

As indicated in Table R, neither of these analyses (#?.,   "3] yielded 

a significant multiple R fp > .101. \  tentative hynotliesis '•.■as ''ori'ir. 

which suggested that the task characteristic scales had maximum pre- 

dictive efficiency for initial levels of performance rather than ner- 

formance levels achieved later in training. 

3.2.2 "iiuman i:ngi neer in^" Indices 

Analyses aimed at predicting these same three criterion measures 

were then conducted using five "human-engineering" indices. These 

indices, shown in Table S as analyses 4, S, and 0, yielded two multinie 

R's which were significant at a less stringent level o'" confidence 

(p < .10); the 0.10 confidence level was considered annronriate '"or th' 

exploratory work. The two criterion measures successively nredicted 

were the initial level of performance ("..  TOT at five minutesl and the 

time required to reach the 41" TOT level. Contained within the set 

of "iiuman engineering" indices were two predictors, dutv-rvcle length 

and work ratio, which reflected the distribution of practice dimension 

inherent in all of the studies.  \n examination n*' their contri bui i nns 
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in   Mil1  nri'.li -t-i!   v iri.'i'-'-'    i it I i .■.iftHi   t'::it    t\\cy  hVP' miniir.;illv   iiivolvei! 

in  i) ri' i i ■! 11''1   ; ■: i • i i I   i-i 'M'I ■•'■,■!!■;•■ ■  Nut   v.'iAv   i tic ;'>\Mr. i ii1;  cnnt r i hut i nns  to 

in-r ii i-f inn  ,.■■   t'ic   ! :'  ■!■ i-   -I'lT/n'Mico   '-■'•■l   of   II".   mi.     I'IU^T   fiiulini'S 

Wr   i     ■;:il    in   I'M"       '■    ■OMIJ   tint   r^.'UH"!    nrcj i r i ,11'--   i'opi'csrnt i n;',   n 

J i ■.! fi I)n! i "i   >>;   Mr,,,-■ i .■,.  .  i-jii,!,,   (,, ],,.  ;is   rflVrtivi    in   prodi ctin)', 

t'.ir 1 i IT p:■ ':'i .■ i i-th^   ,i■    t 'M"   [-it '.IT   
: ■ ■   I ;i t ■• •■   j n   t ho rotirso of  t r:\ ini nc . 

I he   fTiin1'!'    thi'i'-'   itul'i'i"'   ;i'iJ   r!;;'ir   ;;i ''lost"   nrrJ i cf" i i'r   (>'"f i c i (MU'v'   in 

i' ■:; i r !   ' .>   t':' ■   i n i ' i:! I   ]T :■' > T ' mci'   r ri I ci'i on . 

In   '.'■•ii'■ r i i    '''i-n,   th-.'   ti\-..   • ,i   1    ,-M;ir ic" rri-;( i o   s>-;: K^s   and   thrtn1 

of  Hie  "hn:" in   cti'MitT '■;!';"   ind'u-"    porfftriiird  ''csl    in  tircdicfini;   stnrt i ip', 

It'Vi [•■  o!'  :>f M'T " m.-'  ;   in   ri.'.-i'-c-.   ;:;   'Tr.l' ot i \-..'  "f'Ficirncy   ''or   Inter prr- 

rm': MIU'I.-  U''i'i'   ii<i*(\l    '•"■   i !"■   t \'. >   ii'-i-J i T" ")■■;   ivpivscut i np   i1 i s tr i IMII i on   of 

|ir.k-1 i vc . 

T'n'   results   I'I'TII  the nn;11ysr-   mi   to  I'M--  noii.t   iwc  undcrstandcd>lp 

on  ,i   p.T.t   ' in-   iii;i ■   i lien   it    i.-.   TTt'ipipi i i'.eJ   f'ini   the  I'lit'iipc   scnlcs   ;inil 

"hnriin  fn-'i IHMTI ni;"   ntvlici'S   ire ri.i i n i v  .'   sc ri pt i \'o of the  tnsk  per  so 

■ uiil net    '■■  t h"  triiniin    i'oi'.inon  or  oonJiiion-'  of  Icirninp,  under uii i cli 

the  t I'd.  w;i:'.  pori'o""!.'.'.     ['ho  t'•;i i n i ns;  \';iri;ihles  wore mininmlly  reflectcil 

in  t lio  two  pro! i o! OP<   ropro-son'" i tn',   the  .'i stri but i on  o1' practice  dimen- 

sion;   tl'.o'o  in-'i iMhi IT-   JiJ  ^'iow   incre-isini'  oont IM IMI'i ons  to  prediction 

'.-.'"■n   i   critfrion   ;ii\ol\i"'.   latT noid'or'nance v:\<  used, 

S ..'. .'>    i 'onh i no!   ! ndi cevs 

Mio  m M   stop  1.11 en   in   the   malvsis  Kris   to  create  a  new  sot   of 

pn-dictors  'si ..si  on   th"  "''o'-t"  »nvdictnrs   r>-ori the   ijsh-chai-actofi st i c 

■■..■■ili"-.    in.I   !ho  "hn", in-on:'. i noor i n '"   ind'eos.     The  compos i t i on  of*  this 

co"ii'inoii  set   '■iri's!   in  ac^orJ  nc-' with  t'-o  criterion IHMII'.',  nretlrctcd. 

'.I1-!''   s    ;iiov.-'.   svhic1,   c-'' '> i n :; ;   "   VM---   JTOJ   '"O>"   each   o'"   the   three 

■, r i t o r ' on   '"o i   ' i r ■    . 

■ .-...--.■ .■■.....- - M maamM^üöttA   i '-1'i  " ' in _^ 
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The net effect of combining tlio pcnlos ;iml imlicos was tn in- 

crease the multiple R's olitnineil for the initial norfornuinco level 

and the 41"; Tn'!' criteria. Mu]tinlc corrrlntinns n': i) .R2     fn <■ ,'11 ) 

and 0.78 (p < .05) were ohtninod, respectively. The conbined set of 

predictors yielded no increase in prediction of the criterion measure 

of tlie adjusted IS-miinite "•. TOT nor was the mil t inle-cr.rrel at i on sig- 

nificant (p "> .10).  These nnalyscs are represented in 'I'aMe F.  ;i! ", S 

and 9. 

At this point in the analysis it was decided to investigate 

further the hypothesis that the rating scales and indices were 

primarily predictive of initial rather than interim performance. 

To test this point two additional criterion measures, ". THT at ten 

and 15 minutes, were used.  The predictors employed were the com- 

bined set which had been maximally effective for the five-minute 

initial level of performance ("see analysis 7 in Table S) . The result 

of these two regression analyses (10 and 11 in Table S), lent support 

to the hypothesis in that the multiple correlations decreased as t'^e 

length of practice represented bv the criterion increased. These 

relationships are shown below. 

Criteri on Mill t iple R           P 

"o TOT  5-min. .82           < .0] 

"o TOT 10-min. .74           < .05 

"a  TOT 15-niin. .64            \S 

Having demonstrated, within the limits o'" thn study, t'^nt tbe 

majority of the scales and indices had their maxima] predictive ef- 

ficiency for the starting level of nerfornance, one furtbpr set of 

nnalyscs was conducted to test the prediction limits '"or interim ner- 

formance.  In these analyses (12, 13, ami 14 in TaKle 8), the set of 

predictors used were those previously cmploved to predict -11". TOT 

(analysis 8).  Contained in this set were thp di stri'Mit i on nr practice 
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prctltctors.  llsins; the "best" scales and indices plus the duty-cycle 

and work-ratio predictors, regression analyses were run with the five, 

ten and If'-üiinute  'IMT criteria.  The results, shewn helow, indicate 

that this conihinat inn of prod i .-toi-s erTectivcly extended the pre- 

dict ii-e el'f'ic ienc to interim levels of ncrforntancc: 

(!)• i ten on 

■;, lOT f.-min. 

". TOI IP -in. 

■'- rm l.-.-iin. 

Mulnpie R 

.i'3 

.71 

•■:. i (i 

<. i n 

.'.OS* 

\n examination ot' the hulividual predictors across practice time 

(i.e., five, ten, and IS-mi nuteO ar.ain indicated that duty-cycle and 

especially work-ratio made i ncreas inj'Jy greater contributions to the 

amount of predicted variance as practice time grew longer.  A similar 

increasing contribution was also found for the "number of responses" 

predictor; a recheck of this predictor's contribution across practice 

time was made in analyses 10 and 11 ami a similar profile appeared. 

Thus, it would seem that at least three of the indices are capable of 

extending predictive efficiency to the interim levels of performance. 

Z..'. 1 1' i sctiss i on 

An  overall   appraisal   of  the   findings of the   11   regression  analyses 

indicates,   first,   that   the  criterion  measures  used   in  the post-diction 

studies    ire  of  two distinct   types.     Initial   level     of performance,   the 

first   tync,  appears  to be predicted most  efficiently by  descriptors 

which   relate   to   features  of  the   task   per se.     The majority  of the  scales 

and   indices  are directed   to  just   this  point.     At   initial   levels  of per- 

formance,   the   training  variables  used   in   the  studies  have  had   little   if 

any   impact.     I'ominant   factors  at   this   stage are probably aspects  of the 

task   itselt   and   the  abilities  of  the   subjects. 

'Ihis   "lower"  correlation  has    i   higher n-value  due  to  the  slightly 
larger num'uT ot' cases  contributing  to   it   as  enmnared  to  the R of  ."1 
di rect 1\   a'-ore   i I . 

,..,.. -- -.^■.« .^.;..J^..^..i,..,^^.:a.w^r»rt,^.*,hi»,..ll»fil<.ira.M^LilMllli.^..o»l* • • 
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It is conceivable that the bulk of the residual variance in the 

initial performance predictions resides in the subject factor.  .Sever;, 

studies (Fleishman 1957,   1960; Fleishman and llempcl, 1954, 1955; and 

ilinr.ichs, 1970) have shown that the abilities of subjects arc related 

to or predictive of performance on a variety of tasks. These studies 

have also indicated, however, that the pattern of abilities contributing', 

to proficiency on complex tasks may clum^c as practice on such tasks con- 

tinues and proficiency increases. 

When attention is focused on predicting interim performance levels, 

the second type of criterion measure, predictive efficiency of the majo- 

rity of the predictors declines.  One potential explanation for this de- 

cline would be the increasing impact of whatever training variables are 

in effect plus the interaction of these variables with subject character- 

istics. The analyses indicate that changes in the predictive contributions 

of the various indices occur when the criterion measures reflect interim 

rather than initial performance. A smaller number of the predictors appear 

to come into their own when later performance is examined.  Understandably, 

some of these predictors relate to the important training dimension of 

distribution.of practice, i.e., massed versus spaced practice,  In a less 

readily understood case, the predictor variable of "number of responses" 

also increased in predictive ef'-'iciency as practice time increased. 

Had other types of task-characteristic indices been used in the 

post-diction stud)- (e.g., DHl and panel indices'), their predictive ef- 

ficiency might have increased as proficiency increased.  If obtained, this 

finding would be of interest when compared with studies on the contribu- 

tion of subicct variables (abilities') to different stages of practice 

(e.g., Fleishman, 1960; llinrichs, 19701.  These and similar studies have 

generally shown decreasing prediction? from rbility variables with con- 

tinued practice and higher proficiency levels on the criterion tasks.  At 

the same time they have identified "task-specific" factors which increase 

59 

■ ümmti HI ■•■ - nn ' ""    ' ''■• 
 linn     •      ■    ' ' "•-" 

■'iinirii-i ■■■inii' '"""""• 



x.wTiiAnrvciA WMMOS-I 

m   impurtancL' as  pi^ofLc i !.•;;.;>•   increases.    An  interesting  area of research 

KOUU   he  tu ,k-t:cr.'iine uiicliicr  lln.' "'ask-spoc i fie"   factors   found  in such 

Studie.",   can  Iv   related   to  or  explained   in   terras  of  task-characteristic 

indices.     The siimillaneous  use of suhiect ,   task,   and  training   indices 

might   enhance  predictive  efficiency. 

ilrantim; all   of  the   limitations   inherent   in  the  post-diction  study, 

its   results  confirm  the   initial   t onceptua 1 i r.a t ion of  the  training situa- 

tion  vvhich vieued   it   in   terms   of  the  task  per  so,   the   suhjects,   the  train- 

ing  variables,   and   interaction  among  these components.     The evidence at 

hand   indicai".    the need   for   indues  specifically designed  to measure 

aspects  of eich  of  these  components. 

I he  problems  and   limitations  of the post-diction  are many and 

should  not  he  slighted.     The  attrition experienced  as  the  search Kent 

on   for  suitable studies   in  the  open  literature placed  a  decided  limita- 

tion  on  how  far the  results of  the  regression analyses may be generalized. 

The  small   number of studies  acquired  did  not  perrait   the  important  step of 

cross  validation  to  be  taken.     Use of the  literature  itself removed  any 

control   over the  subject   factor and prevented application of the DliT and 

panel   lay-out   indices.     Vet   in  siite of these  factors,   sizeable portions 

of  the  total   variance  in  perform mce were predictable using the  indices 

applied.     Shrinkage of these   fig ires would undoubtedly occur upon cross 

validation  but   their continued  d.n'elopment  still   appears  Justified. 

The development   should   proceed,   in  three directions,     first,   re- 

finement  of  the  rating  scales  must  be undertaken.     Several   instances 

were  encountered during  both  the   field work  and  the  post-diet,ivc studies 

in which   inter-ratcr agreements  were  lacking.    Agreement can be improved 

by  providing more concise and  consistent definitions  for  the  rating-scale 

indices.      \>.;i"eeiient  would  also  be   improved  to  the  extent   that  the concepts 

represented  by  the  scales  can  be  measured or enumerated  more directly. 

0(1 
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Second, attention must be given to development of training tech- 

nique indices. Results of the post-diction exercise suggest that such 

indices may aid in the prediction of advanced levels of proficiency. 

Whether these indices would he  as necessary in dealing with complex 

training devices as they appear to be when studying simple laboratory 

tasks remains to be seen. Third, and finally, the types of indices 

employed in the present study must be applied to actual training devices 

for which performance criteria are available. The demonstration of 

relationships between quantitative task indices and performance measures 

in highly complex man-machine tasks would be truly impressive. 
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This stiuly has ilcmonstrnteil the  foasi bi 1 i t\' of using a variety 

of quantitative  iiulices   to ilescri^e  salient  characteristics  of the 

trainee  suh-tasKs   found   in  smnct1Innce  system  training devices.     Al- 

thiiiis;h  applied onh'   to   trainee  .aiii-ras! s   in   selected  sonar  systems, 

'"•■my ol"  'he   indices   nevertheless  appear apnlicaMe  to a wide variety 

of hotli  trainee and   instructor  t-asls. 

The   importance  of  this  demon-'t rat ion   is  evident  when  one  con- 

siders  the nature of many oi"  the uuant i tat ive   indices which were 

employed,     fir^t, severa I   of  riu> Pea^nrrs,  and   in  particular the n!:,T 

and  panel   lay-out   indices,  are direeMy  related  to   features  of a  task 

familiar to desiy.n  enj;ineers.     Ihese are hardware  and procedural 

features which mii'.ht   be   reconf i r.ured during  tlie develop'iert  of alter- 

native designs.     Modifications oT fliese tasl<  characteristics would  he 

reflected  by  changes   in   the  "/allies  of main' of  the quantitative  task 

indices  employed   in   the present   study.     Second,   and more   importantly, 

these same  task  characteristics  can he hvpothesined to hear a  relation- 

ship to measures of task  Performance  including proficiency  levels or 

rates of skill   acqu i s i t i o;. .     l-'owler.  et  al.   CüH-Sl   have  already demon- 

strated  this  type of  relationship  for some of  their pane!   lay-out   indice;- 

In  theory,   therefore,   the possiMity exists  of developing quanti- 

tative  profiles  oT  tasks  and  of  relating  such  profiles  to measures  of 

performance.     IVere   information c *"  this  type  availaMe,  it  would  then  he 

possible  fo predict   the behavioral   consequence of  restructuring a  task's 

profile of quantitative   indice';,     \  basis would  exist   for predicting,  the 

effectiveness  of alternative  training, device  designs.     All   of this   is 

contingent,  of course,   upon  the demonstration  of a  relationship between 

the u lant i tat i ve   indices   and measures  olr performance. 

bJ 
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Results of the post-diction study conducted durinj; this prnjoct 

confirmed the existence of significant relationships hetwoen "task 

characteristic indices" and measures of performance. The relationships 

were strongest fp < .05) during earl}' stages of practice. Ikwevrr, nine 

of tiic M multiple-correlation coefficients u'liicli were computed suggested 

the presence of relationships between task indices ami criterion measures 

of performance (p < ,10). These results were particularly encouraging, 

being obtained in spite of the fact that the major indices of interesl 

(DHI and panel lay-out indices) could not be employed, and that dif- 

ferences between groups of subjects fa violation of the predictive model) 

could not be avoided. 

The major conclusion of this study is that further development 

of a quantitative task analytic methodology is warranted.  If the types 

of indices employed in this study can be related to behavioral measures 

obtained in training devices, an invaluable tool can be developed for 

individuals responsible for sound training decisions. At the very least 

this approach would put the device design process on a more objective 

footing. 
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fi.d   i;icnMMi:\!).\Tio\s 

As  has  lii.M'P  Jisons^i'.l   in  earlier  sections  of this  report, 

ikn'clopmfnt  o!' ;i   sot   nf uti.-int i t'if i ve   iiuiires   tor  the description 

of  fasLs   is  niily   i h'.'   '"irst   <tv\t   in  :i   lar'.U''r prouram of  rose;ircli. 

To he ol' applied  raliio  it nui/t  p,. dniuinstrated  that  changes   in  the 

desijpi  of a   train in:'  de\are   fi.e.,   ^ham'.".1'   in   tin1   trritnee's  or 

i nst riieror' s    ■fat ion  and   tasksi   are   reflected   in  correspondi nr  quan- 

titative   tasl    indices.     "■'in i lar 1 v ,   it   mu^;   he  shown   that   variations 

in  the  ijuant i t a f i vo   iiulicc;  a'"e   related   to different   rates  ol'   learn- 

i nr,  or   I eve Is  of prof i e i ency . 

Additional   research  will   he   retjin red  to demonstr.ate   these 

relationships.     lor a  IUIIIIIHT O!   reasons,  however,   the  invest ign- 

ticm  hill   he  difficult  to exeei to  satisfactorily.     These iirohlems 

stein  from  the  reon i rement   that  the  research   focus on  actual   train- 

ing; devices  currently  in  use   in  the   field. 

The major   recommendation  stemniinr,   from the present   report   is 

that  a  predictive  study he undertaken,  based on actual   training 

devices.     As   the   first  step   in   this  studv,  additional   quantitative 

indices  should  he assembled.       mnhasis  should he placed upon  use of 

indices  previously developed  aid  reported   in  the  literature,  rather 

than on  the  development  of new   indices.     Most desireahle would  be 

indices  possessi in:   the  followi n;  attributes:     11   construct  validity; 

.]]  ease of quantification  and  reliability;   7i]  generic applicability 

across  devices,   and   11   hased  upon   task   features  of  relevance  to  design 

em; i neers. 

The  assembled   indices  should  he  applied  to a   barge  sample of 

hoth   trainee  and   instructor trsl-s   for which  criterion data  are  available, 

ol 
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In this future effort consideration sliouhl be given In use of n 

wider variety of criterion measures.  In addition to rate of learn- 

ing and level of jirof iciency, consideration should be given to 

transfer of training criteria. Similarly, measures of instructor 

proficiency during device operation must be entertained, 

Tf the results of these efforts were promising, then a 

number of interactive studies should be undertaken.  These 

studies would attempt to generate guidelines about the personnel 

who would benefit most from training, and about the training 

techniques which could be applied to particular tasks to increase 

training effectiveness. The key to this research, however, is to 

first understand the relationships between different tasks and the 

performance of those tasks. 
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Anpcul i x A. 

nsk ('hnrnctori st i v- -'nti ny, 

f enles 

\Ot( The 13 scales used For the Key West study are 
indicated !>y aste-'isls (*"),  All of the IS indices 
presented in this Apnendix vere er'uloyed in the 
post-d, i et i on study . 
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*1.      NUMBER OK OUTPUT UNITS   (UNIT) 

The entire purpose of the task is It) crealc mitmil units.    ;^J1'ü.1'!!''' u—'' 
is the cnrl prndurl  rosnltinu Irnm the lask.    Output units ran lake different 
forms.    Fur example,   sometimes the uutput unit  is a pltysieal nhjec t  a.'-- 
seml)letl from several  parts,     it may also take the  form  i,i a   relnlii.nshi'] 
between tv/o or more tliiiiL'S,   e.^. ,   drive three t a r-leni<ths behind the i ar   in 
front of you.    An output unit mu'ht also he a destinatum,   e. g. ,   run from here 
to the corner,  with the corner beinp llie destination. 

First,   identify what the output unitlsl  is  in the  present task.     Mow,   count 
the number of such output units that someone pe rforiv.in;; thi.-^ task is supposed 
to produce.    Use the designation AM.Al' (As many as possibloi vvlicre no actual 
lirnit exists. 

!;:E.      DURATION FOR WHiril AN OUTPUT UNIT IS MAINTAINED (DURA) 

Once the operator has produced an output unit lie may be  required to maintain 
or continue it for one of several time periods.     For example,   it car. be maintained 
for as long as possible.    Another alternative is that completinfj one output unit i- 
a signal to leave it and t;c on to produce the next output  un:f.     Or,   havinu produced 
the output unit,  performance ends. 

Choose which of the tollowing alternatives applies here: 

1) Maintain unit as long as possible. 

2) Maintain unit as long as possible but continue to produce additional 
units. 

3) Leave unit and gc   on to produce next unit. 

4) Production of uni; signals end of task. 

*3.    NUMBER OF ELEMI NTS PER OUTPUT UNIT (El,EM) 

One way of describiut; an output unit is in terms of the number of elements 
involved in its productioi ,     By elements we mean the parts or components whu h 
comprise the output unit.     In nn addition problem,   for example,   the numbers |o 
be added are the elements which comprise the output unit,     in a more phvsual 
task,   the elements could be parts to be assembled or apparatus to be manipulated. 

Count the number of different displays and controls which are manipulated 
in producing a single output unit. 
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&4.    SIMULTAXKl'lY OF RESPONSES    (SIMU) 

The rffajioiiseii which thu cipcrator makes in producing one output unit may 
i-ivi)lvir anv or r.'.orv lU'fcctors ft;, a. ,   h.ind,   fool,  arm,   voice,   etc. |,     I Kpctidinu 
upon ttu: l.;s!.,   iht.-su effectors may or may not bo used £ inuillancousl y.     For 
fNampK',   Ijotli handi; itvvo uf:cctors) arc uscil siiDultanconsIy in playin;; a piano. 

How many clfi-ctors an-  buiiu', usud simultarnuuisly cluring the  present fawk'1 

/.cro " two 'i1 thri'c     four   

■■■'5.    XUMI'.KK OF KH.Sl'ONSKS    (NO, R) 

i'.arlur we were concerned about the number of elements, i.e. , objects or 
enmponen'. s , involved ill the production of one output unit, Xow we want to con- 
sider the tiumber "f irerponsesl needed to produce one output unit. There isn't 
a necessary one-m-one  relationship between objocts and  responses. 

Count the ivin'.ber of  responses  or  step.-;  involved in oroductini:  one  output 
unit for the present task.    Enter this nunber on the answer sheet. 

■■■b.     RAPIDXESS OF FEKDHACK   (FEED) 

Fur present purposes the term  FEEDBACK refers to information which an 
operator may uet about the correctness of a  rusnonsc,     Consider the maximum 
number of respenses the operator makes  before  receivim; feedback on the status 
of output unit.      Enter tint number on the answer sheet. 
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■n.     WORK LOAD  (LOAD) 

Work ItKul refers to the nuntbei' t.f diUpiit units to hu prufiai iri ri-lnliv 
to the lime nl Idweri Mr tlu-ir produi tinn.     \\r an- ime ro ti'i m (!H-  v.iti.. n:' 
the number of output units per unit linn.',   e. ;•. ,   make fi wi'li-fl." in 1" inii.uti t 
1 widget produeerl every two minutes. 

However,   then: are th'ew la.-,!•■.::  in v.! itii  the tio.il  is  I > iiaipiam a  silu.i- 
tion rather than to produre rnultiple oiilpul tinil.-,     I'm- exaiorii'',   ,■•  •!!■;■. i-..1 

task where  you are  to  stay within -10  feel of the   velarle ,il,.■.■(:  nf y.ni.      ■  o ;• 
these types of tasks,   work load  refe'rs to tin   leniilh of tune for wliieli ma'n- 
tcnance is rerpiired.    'Die longer the maintenance period,  the in.ior the 
work load. 

Therefore,   ralini; a task in terms of w n-k load resolvvh to answeriiu.' 
one of two cjucstions 

1) How nmch has to he produeed in what amount n; jime;   or 
2) How long does this situation have to bo maintained   > r roirtinued' 

Definitions 

High work load - as many -j 
output units as possible are to In- 
produced in a fixed period of lime; 
a relatively large mmber of output 
units is to be produced in a rela- 
tively short period < i time; an 
output unit is to be maintained    (^     •"■ 
for a relatively lonü I.me or for as 
long as possible. 

Moderate work load - a moderate 
number of output units is to be A 
produced in a reasonable period 
of time; an output uiit is to be 
maintained for a moderate period 
of time relative to other possible 
periods. 

3   — 

Low work loaf! - a   4ma 11 number 
of output  units  is t.    be produeerl 
in a   relativelv lor,;' period ol  time; 
an output unit is to he maintained] 
for a  relativelv short  ueriori ol  I mo 

Kxamples 

o Drive as many nails as possible 
m live minutes. 

• Main la in a ■   iinulus—ront rol 
relationship as lon^ as  poEsihl« . 

_ 

• Drive ten nails in five minutes. 
»Maintain a stimulus-control 

relationship for three minute's. 

$ Drive these |wo nails  in the ne 
five minutes. 

• Sum the  fullowim; five number.« 
• Maintain a  Stimulus-eont rM 

relalionshiD lor  in seconds. 
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PRECISION OK RKSl'ONSKS  (PREC) 

Ta.sks may tliffor  in terms of liovv precise or exact the operator's 
responses niu.sl lie.     Ju'lue the t!c(»re»' of precision involved in the present 
task by con. iile r in!; the  ninsl. precise  response made  in producing an ouipul 
unit. 

nel'initions Examples 

Itll'.h decree  nf  ;)rei isMUM   -   liecause 
of sm.ill tat'f.ets,   line <   ales, 7 
sensitive  tunlrels,   etc.    the   subject 
must make  respmises which are 
extremely precise. 

6    - 

5    - 

Moderate precision - relative to 
the definitions above a-   below,   a      H 
moderate dei;ree of precision 
must accompany sub;      t's  responses. 

— 

2   -J 

» Usinu a  chemical balance (scales) 
determine the weight of the foltowir 
objects  to the nearest micro^ram. 

« Replace the mainsprint; in this 
wrist-watch. 

t Using your pencil,   trace this maze. 

-! Ü*'_i!ilü '' lil   "J IIQ'' ' s "'n " he c a u s c: 
of lari'e t-ifeels,   '.'.riss  scales,   in-    1 
sensitive  i ,'iitr 'is,   .-t'      the   subjei-e 
can  m.iki   n-sriorises wl ic ii are  gross 
u r imprei iae.. 

t Do twenty push-ups. 
»Sort the oranges and lemons intc 

two piles. 
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-•9.      RKSPOKSK RA'I'K   fliATK) 

Ucsponsps  r.'in bo  made at diffr :■( nl   r.'itf.s.     'J'lial   ;■ ,   tlir  frcqin in V ■. il.'i 
which rrsponsrf. niust he  made  can vary Iroin iatk  tu la.-l-       I'.n- IV.^MI:;!. . 
yon would have >"i hii'hot" ral.- nf ri'h pond in;:    > yuu v.'»-rc jd.ivniL' a  : ni:di :   ; m c 
of tennir. than if you weff  playin;; chftas.     Da    rc-pinsi ;-  v.cuH  conn-  muro 
frccjucnlly in Ihf first case than in tht" stTfiiid.     Vou arf to iii«!;.'»' '.'.dial  rat-' 
of i'o^ pond inn is callf<l for in producing on.- oulput  unit  m il:i- la.'i- laii:.;  r^dvf] 

Dufinilions JlxainplcK 

Hi;;h  rale of rrypmiiün'j, - many 
responses HIT n-tpjired per 
unit time.     In  the extre ue  case 
responses Iwconic rontinunu.s. 

I.ow  rate  nf  r^snnndin ■   -  lew 
resp.aisi ;■   ,1 re enuttei   pi: r  unit 
I inv.     Ive.- [»uti.se.s a re .,11, n ,- m- 
i;ula r. 

» I-'i re .!()  round -i  f>" r  effei 1 a > 
(]i;ul' 1 \' a s  pru- . i Me. 

•(.'omplete  llii,-,   ii:'-saw pu.-.'l' 
fast as  yim ran. 

g I rack tlii s la rsiet. 

5    - 

Moderate rate of rcspi ndini'  -a       'I 
moderate number of n .-ponies 
arc required per  unit  .ime. 

e  i-'irc wO  round:-.     fire  rapidlv 
also 1/e a.1- accurate as  v iu r a«' 

3   - 

2   — 

1   J 
• Add the foil, 

all   (lie   Im  e 
■■.•mi' MumlHT 

'< HI   '1 • ■ e e . 
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■ID.     N'A i'i'RAi, i)i;i'KNi)i;N(;Y OI-' RHSI'OXSKS (NADK) 

ConsidiT atj'im tlu; number of  slop;;  'responses) involved in producing 
uno I'I unit.     Thi' .'tups may lie described  in terms of the dependency 
aim        ■lii-m   drin'iidenry concerns lb'1 uv-lem lnwhuli Ihe steps muM  be 
d one        ^^e!v.l^  ■. !>ei i I ied orde r,    l''or example,   dependency exists  bi'tween 
■Steps  A and  M   it' siep H eannut be accon'.nli.-hed vvithoul step A beim; done 
first.     Mote;     I'rniedures svhuh have  only  one  step are automatiea 1 lv  Ime 
in dc-in-ndepcv.     Xa I M raj di' nendenry n-l'ers I n (!<■ pt-ndi'iiey that is inherent 
in the  ope rat inn ol  the e£iiumnent. 

Did inil mns I-lxamples 

IU^l'li_de|H ndenev  aireH e   steps   - 
each  step in tin.'  prui ednre is ' 
completely dependent upon the 
pretediiu; procedural step. 
Systemalie ordenru; i t  steps is at 

a maxilnum. 
6 

5    - 

Mode rat e _f 11 MI em len c)  ammit; steps, ■ 
in the tetal number ol  steps coni-^ 
prisuu; the pn-redur'.',   approx- 
imately  50 "j are depi ndent upnn 

precedini;  steps. 

2   -4 

Low dej^Mulen_£j£_anu_ne_ste|iK  - 
prnielur.il   steps  an   n-.it - ■!• .'.inr'ed 
in an',' p.crMe'ilir  sec uem e,   h£i"i     \ 

Usinu the combination you've been 
piven,   open the safe, 

a Dial this telephone number. 

*   Usinp colored blocks,   stack them  into 
columns four blocks hii'.h.     Ho this in 
the order  red and preen for the first 
two  blocks.     The  remaining blocks ma; 

be of any color. 

•   Using  colored blocks,   stack them  into 
columns four blocks hiph.     Order  of 
color is unimportant. 

Wmav ;.r !•■     H 
or cede     A '.    ' •;•' << 
Step  .ire   lew   In  de; 

ore . haVII-.L; one 
dee: v. 
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'MJ.    TUTORIAL DEPKNUE.MCY OF RE.SPONKE.S (TUDE) 

Consider again the mimbcr of stops frcKponsesl involved in producin 
one output unit.     'J'lu- steps may bo described  in terms of the den. ndency 
among lliem; ikrneildency eonrei-ns the ■■xliiil  I a v.-h\ rh l!ie  f iii)s  11 es!  lie 
done in some speeil'ed order.    Kor exarnple,   di pendi'm y exi.-.i;   [n'l.'.een 
Steps A and  ]',  if sie;) !i  cannot be accomplished without  s:lep A  bein,1 ete.r 
first.    Note     Procedures Which have only one slep are aulomai ica lly 1 rjv.- 
independency.     Tulorial depende'icy refers I o a dependency  inijinsed 

as pari of the Irainin;; in an effort to standardize trainee operations 

Definitions Examples 

High dependency amnny steps  - 
each step in the procedure is ' 
completely dependent  upon the 
preceding procedural step. 
Systematic ordering 'if steps is at 
a rnaxirnum. 

Using the combination yru've bei-n 
given,  open the safe. 

• Dial this telephone number. 

5    -^ 

Moderate depone 'ncy among steps ■ 
in the total number   >( steps cum-^ 
prising the procedure,  approx- 
imately 50% arc de; endent upon 
preceding steps. 

3   -J 

2  - 

Low dependency arroni' stens  - 
procedural steps are not oryanizet! 
in any pn rticul.ir st qm m e,   rlep     ]     „..ni. 

"A"may preec.ie   ■ p, ' uy   ■ it," may 
precede "A'1,    i'roct (iures having one 
step are low in depi ndency. 

# Using colored blocks,   stack them into 
columns four blocks high,     P ' ;hi= in 
the order red and green for the firs' 
two blocks.     The remaining ! leeks ma 
be of any color. 

0  Using colored blocks,   stack them into 
rolurn»,«  four blocks high.    Order of 
color jr unimportant. 
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1.:.   Ol'KHAIOK  CONTI'OI. OF  THK R KSrONM-;   (OC;OI<) 

f'livi-i:  Iht" in «u M-riur nf llu!  slimuliis,   wlial dc'[;ri'i' ol  lontrol does t!u: 
iiperatnf have uvcr wln-n hi! must initiati- hi--  rcspunsi.'. 

Dofinilicins 

Full oprrntur f<nitr<tl  - Ihi- 
opcratur'  i.-   ihr  snU' 'hlcr- 
niini'r »1 v.hc n llu1 ri's mjis»' 
will he mach'. 

6    - 

5    - 

Partial opcratur cunt'nl - the 
resptinsf nuist !«■ iiia U- within 4 
a riMsnnahU   tiiTi«: ttt't T ihf 
stimulus iirfUft; hut '. !<■ nperatiir 
dotcrmiiu's when within tlu; interval 
the  rcspunst: will tak ; placK, 

\'ii  npr !-at'ir  cmt ml    -  ill1' 

cipf •■.1(1 if  iimst   r<"Hpi>'iil as  sunn 
a H tin'  stinmluH i 'C cu-s. 

1     — 

Examplus 

• Playinj: a game of clioss hy yourself 
whore you play hulh sides and -.here 
is no lime limit for  respondiiit;. 

* The traffic licht turns red when ynu 
are 500 yards from it;  you have 
options as to when you will hit the 
brake. 

•  Typical  reaction time task.     When th 
liliht comes on,   push this  button as 
fast as you ran. 

Vi   - ■■—.■-*■■■.**'. a laattaaHl 
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B.    M:I;I)!',A(;K (n-;Ki)) 

I'dr pri-si'nl pm-p.iM tin n-rin I- I. I.! .H1A ( V. n- 

vvhi ch an opri-.i I- ■:■ ma v .■■ : al.oti« lliv i ci i- ■-,■. tr.<'> ;; ill 

scaJc \.''' a ft;! jnt c i*(- :,t ■:/! i :■ In iw OUH 1 1 v" :<■'■(' !*.-1 !■ MCI 

is matlf. 

mt .rmat n 

Dofinitions 
lixampli:, 

Im rncth a Iv f re til )a c_l-    • 7 

OpiTalor knows wiictur tin' 

roHponsi: \\a K ff»rrfrl as sutjn 

as it was coinplt'itid. 

Di;layi.'rl fcnulhack - ( pi'rajor 

receives jt't-fllMok r» ^ajTlinu 

his rCi?ponfes nftur   -niiri' 

task is cumpletcd. 

8   I'indins'  th'* inrrci t  swilr!.  h 

tarn on a  11); 111. 

5    -J 

4    U 
# C.'pi'ni'U' a  . ■ mkma t ii 

i'ivu numb.' r ^ , 
hu i-  ii 

No fi'i'illiai k pn >vj'iij !  - 1 •   Slurleiit   lairs  a  ,:,,■!-|,. n ,,  ,.Na,„   , ,,t 

iti>t to).I v.h.n i.r.i.l.' i..- , .t. 
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l-l.     DKGliKK OI-" MtlSCULAU KF'FOK P   1XVC)I A'Kll   (MUSCI 

Tlii.';  duni'n.'iuin •■■ luudi-rs  the arnount »f nuiscular fliort roquirod to 
pcrforiii  ih" t,i;,l .     !:x..r;inf ihu  task and identity ihr most physically 
si rtiin.iu.s part i.t it,     K..tc this part un thu  .scale IWow. 

Det'initiiins Kxamples 

Ihrji amuunj i>!' I;IM;;I ulai1  el't'ort- 
ri'f.pimsiM ., i  ri'tpu n- a  hluh 7 
di'.'.rt-v .ii' muKciilac tnv dvement. 

6     - 

5    - 

Miulrratr aniiiuiit ot nu.scalar 
effort required tor the rusprjnbe(s) 4    - 

I .ou- anioiint of nuiscul.ir effort 
reqoi red 

• Po -10 push. utiy. 
• Lift the heaviest weight  possihle. 

• Tighten nut-s on bolts  securely with 
a wrench. 

1     _J 

• Solder two wires loLtother 
• Arid numbers; and report the 

sum aloud. 

m 
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opcratnr i.s th»' hnli' 'li u •■iniin 
f>f when Ihe siiniulu.1- ■ 'f ur^ '/ 
v/iiori il  In-rnijic.-   fiif vanl. 
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16.    RKCULARITY OK S'llMU LUS OGCUURKMCK    (ROSO) 

C(i«.";i<i«-'r tlif fritical slinwilus or  slinuihis conipli'x to winch tin1 

ojier.'iliif itiu: ; atlrn'l.     lini's it iKM-iir at ci'ivulaj- (i. v. ,   t'quaU intrrvals 
ur at  if rfvul.tr  iiitf rv.il;;.      i'r''at regulär iiUrrvals and constant prc- 
scnci' ni tin1 stiinuhiH as equivalent cuiuUltims. 

Rate tile present task .m this ditijensitm. 

Oofitiition.'- Examplus 

"ij'.h re^iitarsly - Stimulus 
occurs at  remtlar intervals or       ' 
is rtni.stantly present. 

• Cars   coming along an assembly line. 

»Looking at a photograph of an object. 

6    - 

5    - 

Mecliuni regularity - stimulus 
occurs at irregular  mnequal)        ^1 
inliM-vals  but there is a  pattern 
of occur rence. 

2   — 

Low regularity - stimulus oc- 
curs at very irregular (almost 
random I interval s. 

• Receiving morse code. 

di 
• Detecting random signals on a CRT 

splay. 

s: 
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i7.     STIMULUS OR HTIMUJ.US COMi'LKX DrUATiOX   i.sni"i;) 

Consider (In; cridcal f.tiinulus or stimulus-rnmplo: !ri whii1.! tin 
operator must .itti-ii'l in pcrfurniint; tin- tat-k. i'''l;tiivi- hi tlu' lutal '.:\- 
Unit;, for hnvv lonu a duration i;' the .-.Hn.uluf; or htirmilus-c-t.tiriijlf.s ;ir 
during the laük? 

Definitions Kxamplos 

Long du rat! on - stirmuus would 
remain indiiinitel v. 

Medium duration - stimulus 
rev Tains present until chanjieci 
(spatially,   lemporalU ,   etc. I 
by tlie response made to it. 

6    - 

5    - 

4    - 

3   -J 

2   — 

*"   Drawini« a picture !jy a))serv: 
a model  of the ot>iec(   iiein,;  ■: 

*  Red licht uocs out when operate 
puslies a button. 

Sliort duratinn  - stini ilus  i e.isis 
prior to  rehpnnse bei ij< made  (IT     -l 
it. 

"   Operator  mutt   id'r.'ii'v  v.r.y 
iari:ets  ijrv'^fnted tai'tjiPIo,-' 

S3 
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■IK.    VAKIAIUMTV (JF s IIMUI.KS I,(1(.:A i-u).\    (VAKSI 

,Iiul!.',c tin' iIf ■,;ri-1■ In v.huh tliv [iliyKii-.il Uu alion nf Ihu  stimuhiK  nr 
stimuhit; (omplrx i:; p-I'dii (ahU' nvi-i- tank liifu'. 

I infinit ■uns Kxatiiplt's 

I lii'h piTfjiclalii I il v  -     tini'ilus 
Iiication  riir..ii!:     nasii.illy 
um liant'L'ti. 

Mctlium nrcc!ictalntitv_ - 
location rhanm-.H but .:i a 
known inaninT  nr  paf.i'rn. 

I_1(nv_-pr(;di...ta_!,iliLv. - 1.»ration 
changes iisanalnu)«: raniloin 
fasbi-m. 

6    - 

5    - 

•  Stimulvis is a rod liuhl  Intatcd un a 
displa y panel. 

•   Visually followini; an arrow in 
fliiiht toward a target. 

2   — 

1   _ 
•      Prcdictini; whirli  leaf will   lall   ir 

a tree ni'Ni. 

8 1 
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Appendix    B 

Ope ra(:ion.s Flow - Cha r t s 
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Appendix C 

DEI Link Charts 
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1  ?0 r-.yyiuv. in 
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;;."; '/.■■r:\]  audio (i) 
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trn-.c   .i. I i \, il v or '.(Hr r or ('.in   .•.ilinn '       n'■■.'. if  -  .ntfh ^r)  inniiin^ ' 
1 lie report. 

niipo-.cl !IY s(.'oun'\  i Ijssifti ntiotv, usuiy standard stati'inents 
sii, h .o , 

■)«.    Rl-l'OKT SKCUKITY ri.ASSIKir ATION.    Knlci I hi- owr- 
..11  •■tHUrvtv t l.issvfiratitin ot tHf rotion.    Imlu-.ito vvhfthi'r 
"ki- .fu IrJ Data" is m  liiiifd.    M.iri-in,.  is lo !)•• in .u-corrf- 
.owr with iippropr i iilo sfM'utity r.^-ul o! ions. 

J.'      I'iKOUP:    AiMntroii ic (lowni'r,i>)iii|'. is spi'i-il-cil in [Vill Di- 
n-, tisi- c'.10n. 10 .nid Ar-.if(l I'ur, ..'   Industrial  M.um.it.   I ulrr 
"u-  , r ■oji : uinhor      Al--..,    «■hon opii I u .ih li-.  shin',   iho'  oplion.il 
in.irk rti',1. h.o o IM -,■ rl us cij  for Ciroup   t .i ml I. r .op -l   .r.  .i w ''! .r- 
i.-r I 

I,    KH'OR l" TI rLK     I'nliT the i omphn«! rt-pori title m .ill 
'■.ipit.il   I. 'tors.    Tillcs m .ill ■ .r.os should ho um l.issitioil. 
It  .1 rrcm in,'.f'il tliir i .mnol ho selot tod  v.-ilhoiil  ol.is-ifu ,i- 
f:    o,   •.;. .'.v  t-tlr. cl.l'.sij'n   ition in   'II  i .ipo.ils to p.irontloM-. 

•; .■ Ii.orly I .lli.a.'ini; thr n'lo. I 

i.   IM.-' I-MP 11\'■: r:') ris   H ,ip|oo,.ri,iio, on'or ni,-tvi" ' i   , 
:t'|j   i!.   .■..■..   liitfrnii,   I'roiTO'v.   MiiTMi'rv,   iouiii.T     or   fui.il. 
! .' ■. o  tl.o  iti' lusi'.o   1 i'r . when .-( sporit'io top 'rtmi'. port ul is 
,     ■.'■:■   I. 

■i.    AU rilOK'(S)     i-'nliT ihi   iv.nr.i'tsl   .I .mih'Ti-.) .is v.hown   > 
i   .o tho n-p'Ti.    Knlor l.isi luimo.  first  n.irio.      ol.il.- mili.ii 

II  :  ilitary,   show riink  ..nl f LUK h of -.orvio I ho n.in,o ol 
•ho orin   ip.il  iuithoi  o   .in .tlo.ol'iio nimimiii    rcrn romoni. 

I '.     h j I'OK T DA n.     I-olo-ih    .'no of tin- roport .is ,l.u, 

Olli-.,   -.o.ir.   or  tr  .plrl.   : >   'i.     it   r'l' r'    'h.ln "O.o  'Into  .iopo,.rs 
l iho  i .port,   IO o d.i'.   ■ .1  l u .il o  n. 

i 1)     "l.hi.ilil icd rociufstors iit.u obtain oopier. of ihis 

report  fn^in DDC. " 

(.!i     "I-'ort'icn .inniumroinLMii and tlisseniinat ion of this 
report h" DOC is not aiilhorized. " 

(.11     "U.   S.   t lovornir.eni  .n pur i os may ohl u m eop les of 
this ropori  direotlv fro.r DDr.   Otliet quitlififd DDC 
users shall re^no';' tlirou^h 

M)     'Mi    S.   tr.ilit ir\  .i^rni IOS ni.iv ohlain i-opics of thi^ 
report  dnooiu   fron-  IHK'.    Other qualified uiers 
• hal 1  i rnjiu'st 1 hrouoh 

{^]     "AM dislrihunon of this report is controlled.   Qunl- 
llnnl DI'C users sh.i 1 request tluounh 

If the report   has heen farmshi d ro the Ciflioe of Teohmcai 
Senoes.   liop.ir'ui'.oii  oI ( o'l'ii-T• e.  lor salelo iho public,   indi- 

■ ate this lac1  ami ••ntcr Iho pm e,   if known. 

11. St'f'PI-l^MF.N'I AKY NOiaaV l'-.e tor a.ldiiionnl eypliinn- 
l..-\   notes. 

1 • SI't iNS<)K!Nf. MILITARY ATTIVITY: Knier the nan e of 

the dop.iriinenlal proiecl oifo i' .o l.ihor.iioi\ sponsoriiii>, (pai1- 
lfl/, f-T'iho lesearih and deve!opmen'.    Include adtlress. 

t '.    A I ;s 1 I.' '\l    1      I   •'..   .01  ..o   ';..   t  ( o in,'  .. lo lei   and  fa. ! U..1 
.,,,..,...,.(   ,,|  i),,.    I.., ii- out   li-'hoalne o|  Iho report .  even ihooydi 
il  ■■ .,;    ,<■..    ,i| |"-.ii  ' '   ' V.O' ■'       ' tin   ' "'h  o| the teeh'ii' al io 
,    ..      :.    i.f.h. o o .a        '   ■    o   o ip.;:' i'. a . onl imiai ion • heoi 

.ili   I"    ..■•..    he I 

a    ,   ,.,■.   . iM     ;l .,,  ■• -    .i!.. '-.i   l  of , lassifiod re 
■ .. .   I,.   i      I,,   s o a.,,:. i<h i I iho .'h'-tra. I  •'.hall 

,    ., !,,   , , •>.. ■',!"..rv   so   'iritv ' lassifio.u i"n 

•■ .o,'., ■... Mo   p. ...■•..oi.   o ,'t ■s.-n  .o. rVN'   (.St 

?.|      lOlAI    •;|,MP.1K C)l-   i'AI.I:.      1 he i   '.il  p ,pe .   "OH 
sll'iulfl  follow II i'-i.t!   p.l,*t".it l-'fi pr-H edur'"..   i.e.     i r.tor  Ih, 
nn.i.hoi  o: ; aces , outainnii1, inforinatoul. •.ios"   . 

"7.     NirMHFK (IT RKKKI-n-^Nri-S     l-mrrlh.   I .lal  numher oi        ,    ,.'    : 

rpftT.-n   '■".     i" "'I in i lie report. s.tlM 

Sa     (    'N I'HACT riR HRANT NaiMIM 1.'     If approp.n.ite. enter |. 
•he ape 1 o .ihl'• nuiil"-r of iho , untiact  or ,0.1111  undor vht. h ;.. ,,     , 
• ho rep   rt   A,. . wr :M -ou ..'■.', iM, ,1"    oh.. t  •' . ■ ■ o 1 - • ..r v   so   ore v o 1.1 s si 1 o  :, 
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