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. : The Indlv1dual Tralnlng and Sklll Evaluation Technlcal Area of the .
Army Research Institute for the Behav1oral and Social Sclences (ARI) has’f’
ctlvely pursued a. program of research in support of the, Systems engi-
neerlng of tralnlng. A major .focus of this research -is to develop the
fundamental data and technology necessary to field 1ntegrated systems
for 1mprov1ng individual job performance., .Such systems. 1nclude Skill
Quallflcatlon Testing (SQT) , -job performance alds, tralnlng courses in.. .
'schools and in the field, performance crl%erla, ‘and. management and feed-
back systems. This report summarizes the first- step 1n the development
of methods to assess and enhance the fetentlon of job skllls.m Thls
1 research is ‘in response to the questlov, from the Army Tralnlng and
' Doctrlne Command (TRADOC) , "What is the requlred freauency of refresher ;
‘training to malntaln performance prof1c1ency?"; Work: was accompllshed E
by ART: personnel, undér Army Project 2Q162722A777, FY: 1978, "Indlv1dual
Tralnlng Technology :'Comments .and editorial asszstance were prov1ded
by Mr. J. Douglas Dressel and Dr. Joseph D. Hagnan.,;...‘ '

T T : : ' Ve
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'RETENTION OF MOTOR SKILLS: REVIEW

_ness, to develop A sound 1nformat10n ‘base for Army declslons necessary
‘to: ‘insure’ solalers - long-term skill pnoflclency, thls rev1ew focuses on

5retent10n of motor skills. o <L

a-Procedure. f”: a - o A S

: Thls rev1ew is based upon ‘a w1de varlety of data from an exten51ve
llterature survey of pertlnent research.-Although mllltary-related

s flndlngs were 1ncorporated wherever poss1ble,;some of the experiments
-qc1téd used tasks ‘having llttle dlrect or. obvious. relatlonshlp with
giskllls currently maintained w1th1n the Army. In addition,: conflicting"
Vfdata and: data pertlnent to a more detalled understandlng of the. behav—
iloral consequences -of an. extended’ no—practlce perlod generally were
'fESklmmed over to. lend coherence to this’ report-- In so d01ng, an: over51m—'
}gpllfled plcture of’ long—term ‘-motor memory and. the varlables tha+ may
:waffect it has been ‘sketched.: These constraints notw1thstand1ng, ‘a num4
‘ber of tentatlve conc1u51ons have emp1r1ca1 support.f‘ g .

-

- O E ) L : . ' : ' /
: ) oo e : /
By

R The 51ngle most 1mportant determlnant of motor retentlon lS
1evel of . orlglnal learnlng.. Knowledge' of: results and response—produced

feedback are thought“to contrlbute most to a: tralnee s orlglnal learnlng
Effectlveness of  the knowledge of results 1ncreases w1th its: avallabll—:

ty and preclslon.i Effectlveness of’ response-produced feedback 1ncreases
w;th 1ts quantlty,-for example,’number of feedback channels and amount of

practlce, and fldellty.

]V

“2. Procedural tasks are forgotten 1n days, weeks, or months,

seases with . tlme, dependlng\on a host of'

h of the nOrpractlce period, the type of
\d uring ;th_e

ferlng act1v1t1es before or

As part of a major programfon ind1vxdual tralnlng for combat readl—»ff'

whereas contlnuous control tasks typlcally are remembered for months or f'




oy . . - ' - ot
. , : ‘ B . o

4. Retentlon is 1mproved by lncrea51ng the amount of orlglnal prac-
‘1_tice., Overtraining orx mastery training may be more cost effective than
prof1c1ency training, that is, tralnlng to one successful performance.
‘ 5.7 Time to retraln individuals to original performance levels is
generally rapld, consistently less than half the original training time.

6. Learners apparently can lmpose organlzatlon upon psychologlcally
'unstructured tasks via the learning process. As a result, task structure

R rls not an important varlable ‘for the long-term retention of well~-learned
T responses,-although lt is an important variable for the retentlon of less
well-learned responses. o 4

. " 7.  Functional similarity of the training device to the actual
:-ff“equlpment is "’ ‘a necessary and surf1c1ent condltlon for. learnlng,procedural
.. 'tasks. ' :

7
8., Dlsplay control relatlonshlps can lnfluence the ease of motor

learning and transfer and, to some degree, the quallty of performance -
after a retention 1nterva1.

\ ‘ 9. Augmented feedback can enhance performance by ralsrng motlvatlon,
learnlng, or both. :
-10. 1Individual ablllty levels are rmportant as determlnants of
retention insofar as they influence a person's time to achieve a standard
. level of performance. Individuals of higher injitial ability. tend to
achleve hlgher levels of proficiency and retai sk111 at a higher level
than 1nd;v;duals,of lower 1n1t1a1 ablllty. AR LT lf
. . s :
. 11. Refresher, tralnlng can serve as ad[effectlve source of -new:
‘learnlng as well ‘as a means for reestablishing forgotten responses. It
- also, may provide a relatively simple means of 1mprov1ng on~the ob
’.safety and perfOrmance.,- , o " : T

12. Learnlng and reteqxlon are beneflted by test- taklng -
opportunltles. ‘f- ‘ r o S, .

130 P051t1ve transfer effects typlcally are ,observed when transfer—
r1ng ‘between motor tasks. ' Although negative. transfer is the exception,
occasional 1ntru$1ve WIrong responses 1nduced by past 1earn1ng .may have
serious consequences for perators or equlpment. \ '

‘Utilization of F‘indincjs :

‘._/' The conc1u51ons and 1mpllcat10ns of prev1ous research prov1de a firm
”,/ba51s for spec1f1c, on901ng programs to develop procedures that the Army
can use  to. 1nsure that its personnel remain jOb prof1c1ent ‘over prolonqed
perlods..1'~ T » . o : | i

o

thx ‘: R - 5955 va"_ - .
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!‘:-;;,:' RETENTION OF MOTOR SKILLS: REVIEW ‘ U

B
: K Lo
b

‘ : mmonuc'z'ron
The mlSSlon of the U.S. Axmy durimg peacetlme is to malntain a. state‘
of readiness to fight and to win the firs: land battle in event of war -
To - accompllsh this mission, Army personnel must be equlpped ‘with

: Opportunitles

,1

(3*

.’//sfgre—of-the—art weaponry and kept proflelent in its use.

for sufficient post—mobilzzation tralnlng after the onset of wax are not

- expected o : S ~ : TN
Establlshxng training procedures to develop prof1c1ent trainees is

one problem, providing guidelinesg to maintain each individual' s profl—
These problems are interrelated and maganled by a

. Cost-effective traznlng demands that -

_c1ency is another.
" resoldrce~constrained environment.
the Army identify procedures that enhance proficiency and mlnlmlze an in-
d1v1dua1 s requlrement for “refresher" training.
.o o _ , ! o ‘
‘ ' i

Purpose and_Scope

|
view seeks to develop a sound 1nformatlon base tc fac111tate

. Thls r%
Army Gecisions about traxnlng, transferring, and malntaxnlng (1 e., long-
term retentmbn) skills that are_ critical for combat readlness._ An infor-
ould allow .the Army to (a) develop procedures ‘to malntain an

ﬁmatzon\hase %
individual’s. profac;ency od%r*prolonged no-practice periods, fon‘example,
weeks, . months{ or ‘years; and (b) establish more accurately the optlmal

1 Lntervals for\many refresher training- programs.

_ The focus of thls,reVLew is on the long—term retentlon of motor be—

-/" haviors because wellllearned, well—malptaxned motor behaviors (such as \

: . those involved in operating a tank, pliotlng an aircraft, shootlng a’

- rifle, oxr. laundﬁlng a missile) are necessary 'to achieve a guaranteed- R
effectlve ret! llatory strike force. Of course, the flndlngs are equally_
\ ertlnent to the|retention of less dramatic skllls that are ju as 1m~

i:’v“;
portant for malntalnlng an effectlve Army.
’ o

!
)
‘ »

v

\,4.‘ ! . o - . . . . - .
' : : Aggroadh

: ' v
¥
. N b . -
: . J .
f:

_A:\ - : N \
' This report presents a summary of an extensive 1tterature survey
deallng with the variables known or suspected to affect-the retentlo
. The survey

learned motor behav1ors over lengthy no-practice- 1ntervals.
was accompllshed u51ng major documentation sources (1._., Defense

LY
i
\

*Numbers 1n.perenthesi§ refer to speeific report citations in the

3
.

References section.
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’Documehtation Center, Human Resources Research Organizatlon llbrary, ’

National. Technlcal Information Serv1ce), .data .bases (Automated Data’ on

.1f1nstructlonnl Technology, Educatlonal Resources ; ‘Information Center, L

5rPsyChologica1 Abstracts), and a followup search 'of the psycho og1cal

_task {c) degree to which the learnexr can organize or 1mpose order upan -

task in the -absence of prlor pracrnee.

'mllltary, and bu31ness/1ndustrxal 11teratures. - 5 e e

!,
. . j _ 1 :
Research conducted by or for the mllitary u51ng mllltary perso1ne1;

as experxmental partlclpants was empha51zed. SPeclal con51derat10n waﬁgf

,glven to research that employed evidently mllltaryarelevant tasks.. Re-~" *

séarch on, tasks hav1ng few real-world applications was included only 1f
the reeults were practlcally zndlcatlve or suggestive. i

. . - 3

" RETENTION OF MOTOR'SKILL: REviEw o - IR

.u--.
, .
j

_ The varlables that may affect the long—term retention of skllled
motor performances were dlchotomlzed into- task varxables and procedural
variables. -Task variables relate to the trainee or to  the tralnlng/tegt
envxronment. whereas procedural varlables ‘relate to the ‘manner in whieh ,
tralnlng, final testlng, or both occur. Conc1u51o s Grawn about each are.

‘underscored 'in the text with xmportant reservatlons and exceptxons nqted

Dlrectlons for future research -are suggested- where he 1i erature relatxmg
to the effect of a partlcular experlmental manzpulat1on 1_ amblgudus '

N\ - ‘The . task varlables that may underlle the long— rm etentlon ‘of thor
skill include (a) duration of thé no-practice period,. er [retention inter=

val; {b) nature of the resgpnse required to accomplish a partlcuiar mgtor

R

the elements that define the task;  {d) structure of the tralnlng envzxon--,_‘

el

ment; and (e) 1n1t1al or "natural®™ ebllity of. the leaqrer to perform e R

The, procedural varlables that may affect the 1ong term retentlcn Df

‘:motor skill . 1nc1ude (a) degree of proftcxency attalhed\by “the learner ff

jc.durlng 1n1t1a1 tr.lnlng,-(b) amount and’ klnd of refresher tralning,.

{¢) transfer of skllls from one task’ to, another task; (ﬂ) interfering .
activities) ' (e) Schédullng of practice durlng training; . (£) .use of part— i
task versus. whole-task tralnlng methods; and (g) 1ntroduct10n ‘of- ext ra

‘test trials prlor to final testlng. IR . I *-;L
. :\\ - . o s . ‘
\\\.\\\- o ‘ . v ) . -, o
\\Bask variawies . - ./
“Retention'lnterVal L \* 711 \\\- > - o ,
. n ‘, . ) , ) Lo - _ . la N N:\l‘ -

: The retentlon 1nterval is the perlod of no practlce between the”
acqu151t10n and subsequent test of a performance. “The classical curve of

'forgettlng, as deplcted in Flgure 1, '1s belleved to apply to motor

f_resgonses. T - A _— o 3 (4:..

:g ?h‘.:' '- ,'..Et !l:?ﬁ
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— Note that the absolute amount forgotten 1ncreases W1th time, whereas
\ the apparent . rate of forgetting decllnesuwrth time. Of course, the exact

hape of any, forgettlng curve depends: upon a host of. variables (21) in-

ing -{a) the amount of practice the learner: rerelves (48,72); (b) the

of the response to be retained (14); ang. (d) actlvxtles .

‘ -Nathre‘of3thé ﬁesgonse‘ . S

) Motor r‘sponses are cla551fled typlcally as . elther contlnuous -Qr:
dlscrete, ‘but probably no: response is’ totally one or the other. We w113
_ deflne ‘a response as’ continuous 1f it involves the repetltlon of a move-

ment pattern that. . does not have a ‘discernible ‘beginning or end. :The most -

e interval between .training and retention measurement (129); -

"'that 1nterfere Wlth acqulsltlon or retention (75) o 'f\<

commonly employed contlnuous task in studles of motor memory is'- trackl g,

presumably because it is the response act1v1ty that underlles vehlcular

control (2) ST o ST LT / .

/ o v

[ There are two types of tracklng tasks,.. punsu1t tracklng and compen— ¢

g satory tracklng. In pursult tracking, the cperator can see both the tar-
get’ to be followéd and his tracking device or -cursor. The operator s job
g to keep the cursor allgned with the target so that the dlscrepancy be-
o /tween the two, is nulllfleq . Keeping a weapon sight (cursor) on a moving -
tank (target)'ls an example of a pursuit tracklng task,  In ‘compensatory
‘ tracklng,‘on the other hand, neither the target nor its pos;tlon is dls-
played. -The operator knows only the difference between an error-
‘indicator and a flxed reference, and hlS task is to nulllfy thls

‘ 'dlfference. § S : -
Lo eik _ o

i . . : . : . [N .
( N y e . . . =

4.

N For example, error—nulllfylng prlnclples ‘are the basis of certaln/F
;r nav;gatlonal instruments that 51gnal ‘the' operator to begln dlrectlonal

- {ox attléudﬁnal) correctlons if he strays off the intended. course. Also,
] ,t "leveling vials" used in field artlllery may be regarded as a klnd of

P c¢ompensatory ‘tracking- device. By compensatlng for the movement of an air -

‘bubble (error-indicator) floatlngiwlthln a glass tube mounted on the ar—.

'tlllery piece, the gunner can adjust the art:llery plece to a horlzontal
plane. , - L\\ ‘

| Geeme

A

A response is discrete if it has a definite beginning and end and
typically,: is quite brief in duration, for example, less than 5 seconds
(117). Familiar examples of dlscrete responses - 1nc1uda mov1ng a gear-

.'shift, shooting a rifle, or throwing a hand grenajle. ‘procedural - tasks .

-typlcally are composed of a series of dlscrete motox responses. UsUaIly,

. the learner's mair problem on each trial -is selectlng the correct response
from a repertoire; of possible responses.rather than: aetually executing the

response. The learner's/main problem is determining "what to do" rather
than learnlng "how to do it," for example, reassembllng a carburetor or "
operatlng a radlo commﬁplcatlons sxstem. A B

1 a0

l




1n\the proper tlme sequence as well.

Thls need not always ‘be the ‘case, however, because certaln proce-

‘5dural tasks - such as playing the piano or executing the Manual of Arms
ufnot only requlre -the performer to learn to select an. approprlate series .

of’ responses but to learn.how to execute them with the proper force and

Procedural tasks and 1nd1v1dual dlscrete motor responses are for-

: : — 0t
rgotten ‘aver retention intervals measured in terms of ‘days, weeks, or

‘months, whereas continuous movements typlcally ‘show little or no for-

*cjgettlng over retention intervals measured in terms of months or years.

‘Although’ upport for this proposition has been obtained in-a. w1de varl—f
1—ety of ‘basic (12P) and applied research settlngs, the most’ notable con=.
‘?trlbutlons have(peen ‘made. by investigators concerned with the long—term‘“

,retentldh of piloting skills (51,99, 100, 127). -Studies deallng w1th “the
maintenance of 1nstrument flying skills (9,87), manned spacecraft fllght

3operatlons (123, 124,125), and lunar landing skills: (38): con51stently

indicate that important procedural aspects of f£light . control deterlorate

to: unacceptable or unsafe levels over. retentlon 1ntervals measureéd in

terms of: weeks or months.,i - e - o
= . T . o

' Plthough data are lacklng w1th respect to the malntenance of Army
]ob—relevant procedures, data on- the malntenance of basic .combat_train-

ing skllls (83,141), the preparatlon and flrlng ‘of a Nike-Hercules mis~

sile (54 55), and gunnery profrcxency 4in a combat air force (World ‘War II).

(114) support the contention that procedural proficiency cannot be maan‘*

]

talned in the absence of regular practlce o o L e R

/

—

‘ ‘ _ . S
Data on the retentlon of continuous: movements come,from studles of

,pursult tracking (19,64,71,103,115, 126,,/compensatory tracklng (9,14,
. 18,48,87),. and balancing : (88, 101,109,115).. - In contrast to the flndlngs

for procedural tasks, continuous movements- generally 'are retained well
over prolonged ‘retention 1ntervals, eveén 1n the absence of practlce.v

‘For _example, researchers, using ‘a part- -task fllght simulator, found, a

95% loss of procedural response- proficiency over a 10-month retenti

: lncerval ‘but found no effect upon the retention of continuous flight

control responses (9). Others cohcluded that, although the forgettlng of
cockplt procedures over a 4-month retention lnterval could impair a pi=-.

S lot's: flylng eff1c1ency and safety, this interval was not sufficient  to
'rdegrade a pilot's contlnuous motor. a1rcraft control skills (87)

- A number of hypotheses have been offered to account for the differ-

ence in retention of procedural and continuocus movement tasks (2 92,129).
They are ‘as Follows:

) A -
il

1. The verbal-cognitive nature of. procedural tasks may make them
easxer to forget than contlnuous motor responses.

2.- It is unclear what constitutes an’ " individual trlal durlng a

' continuous performance and, as a result, continuous respcnses
may be’ overlearned and thus retalned better than discrete motor
responses. \ . . / .
. . i
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i3 ifContlnuous responses may be ! retalned better smmply because theyuyﬁgf
‘r;fare more 1ntegrated or coherent than prc*edural tasks.jpr RO

;;4; jRetentlon dlfferences between tasks may. be partlally due to theq"‘“
. way'errors are- scored,lthat is,_the’ methods ‘used to'score: the R
g*retentlon of discrete motor: responses may be relat;vely more 1

- fsen51t1ve to sllght performance deviations than _the imethods’ usedqﬂt:j
ito 1ndex the retentlon of contlnuous responses..‘_-_‘-f:._;-ﬁ;;--‘.--i P

,:~-.

:evel over a: retentlon 1nterva1 than ‘are contlnuous esponses has lmpll'
jatlons(for Army tralnlng.v In partlcular, regular r fresher tralnlng
ﬁbe prov1ded for tasks that empha51ze procedural knowledge.‘*A 51m1-
‘Yarr recommendatlon ‘was . made to the Navy after a! study was conducted on thej
fforgettlng of procedural -and contlnuous 1nstrument f1y1ng behav1ors (87) RS
lFortunately, procedural tasks ‘are typlcally less expen51ve and 51mpler to;ﬂfjﬁ
d.w@traln than are’. contlnuous responses ‘because procedural tasks requlre llt-é
o tle in: terms of equlpment beyond s;mple classroom tralnlng’alds (54, 55)
. ;,553150, it is known that . verbal cues and written' job aids - can fac111tate
j%;*;;éthe tralnlng and.malntenance of procedural ‘tasks " (61 81). Technlquessgg
: ‘_‘Q;based upon this: observatlon currently enhance on—the jOb performa ce in '
“ ., - the Army. (the Igtegratéd Technical Documentatlon and’ Training. Pro ‘amy“gj,?f'”
. Research efforts to make written job ‘aids more acce551b1e and easier to: ...
. ‘understand are 11kely to yleld addltlonal performance beneflts.3-[;;1¢‘“ e

v

-

';QiéOrganlzatlon I V Lo T e Ce :.M'f*ﬂ'f7 T

et e . TR ST SR AN
= Organlzatlon refers. to the process by whlch the 1earne\\‘mposes f«f s :
f=order or..structure’ upon: the elements that define his taskiby: establlsh-” RS
;?ﬂxng con31stent relatlons among»them (52) o Ev1dence w1th1n the verbal
S 113(137) ‘and ‘motor (98,131,134, , 135}, memory 1rteratures suggests that tasks _
H,ﬁ;f%ﬁlnherently amenable- to<learner organization rare learned. at :a'faster rate .[ o
i .. 'than-less structured tasks. ' Under conditions. of moderate: 1earn1ng, hlghly
»7£structured tasks dlso are retiained:at a higher level than less: structured
-;+%asks. Once 1earn1ng reaches an.advanced stage, however, individuals.
" .apparently  can retaln less. structured tasks as proflclentlyfas hlghly
structured ones. = . : T A RS R Co

'
A .. . oy

N s . . L i , ' ° FP

'fyqx:", For example, groups of 1nd1v1duals -in one study were tralned to’ per-
form two: tasks 51mu1taneously.- The primary task ‘was’ compensatory track—
1ng, ‘and ' the secondary. task involved learnlng either & hlghly structured
Or.-less structured rocedural .sequence. - Training was conducted for ei-
o ‘ther 2 or 3 weeks a d was followed by retentlon;testlég after either 1 or.
_:f'g,4\weeks " As’ predlcted retention &£ the primary and secondary tasks by
”4~f¢ groups hav1ng the ‘highly structured secondary task: was superior. to ‘that
. of\groups ‘having the ‘less structured secondary tas’ This effect, R
i{:‘ .ﬂ however, held only for those groups receiving moder e amounts of traln—
‘z&;f 1ng.— ".The structure of the secondary task .did not a fect ‘the ‘luss. of

‘ tnacklng or - procedural profmc;ency under greater amounts of . tralnlng (94)

,,,,,
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1Tra1n1ng EnV1ronment

(1, 120) or' perhaps more consistent with the’ principles of human biome- -
.~ - chanics than. Jncompatlble display- -control relatlonshlps.

Thus, 1nd1v1duals apparently can 1mpose structure upon psycholog—

_ :1cally unstructured tasks .by organlzlng, but the act of organization
' takes time and practlce._ Indeed, the amount,of time and practice re—

qulred for .a learner to organize some tasks may be too long for any

'_reasonable traLnlng perioed. If sufficient initial 1earn1ng opportuni-
- ties exist,. ‘however, less structured tasks can be retalned as well as
-}hlghly structured ones.

A number of env1ronmental varlables have heen 1dent1f1ed (51) that -u\

o may affect the long-term retention- of mllltary-related tasks.. “Among ‘the
H,fgvarlables are (a) the: fidelity of training. devices; - (b) the compatlblllty
d'gfof dlsplay*control relatlonshlps, (c) the spec1f1c1ty of task dlsplays,-
_Qand (d) augmented feedback.

I.‘
E, LI

Fldellty ~ The. 51m11ar1ty between training dev1ces and operatlonal

fgequlpment can be viewed from two perspectlves.. phy51cal 51m11ar1ty and
sfunctlonal SLmllarlty Phy51cal SLmllarlty, or. f1de11ty, refers to the
"hphy51cal resemblance,‘ln an engineering sense,.between the. dlsplays and
"controls on a training’ dev1ce and those on the operatlonal equlpment ¢
- tFunctxonal 51m11ar1ty, on the other hand, refers to the "degree of repre-‘
y }fsentatlveness" o1 “psychologlcal realism" of a tralnlng dev1ce relatlve
'*fwto the actual equ1pment (145) ‘ 5 -\

Functlonal 51m11ar1ty is a necessary and suff1c1ent condltlon for

.1earn1ng procedural tasks. For illustration, the: acqu151tlon and long-
'~ term retention of a 92- step procedural task “(firing a ‘Nike-Hercules

m15511e) following tralnlng on a hlgh functional similarity draw1ng of

| -the- operatlonal equipment has been shown to equal learning and retentlon
‘a_follow1ng training on the actual equlpment ‘(54,55). A 51m11ar result
~ was obtained using a complex procedural communication task (20). A

comprehen51ve overview of the variables influencing transfer from. train="

. ing dev1ce to operatlonal settlng has been prov1ded elsewhere (144 145) .

‘Display—Control Compatibllity. Certain dlsplay—control relatlon—
ships appear*to be more "natural™ or "expected" for the human operator
than others. ' This notlon is based upon the observatlon ‘that when several
dlsplay—control relationships are possible ‘for a given.eye-hand coordina- .

'~ tion'task, one relatlonshlp will lead to substantlally better initial -

performance'than the others (486). . The 1nterpretat10ns offered for this
effect suggest. that ccmpatlble dlsplay control relationships are more
consistent: with the learners' past-experiences with the environment

~ . >



Mﬁ Examples of d1splay—control relatlonshlps that typlfy those normally
Qencountered in the env1ronment include ‘(a) moving a polnter to the r1ght
',(dlsplay) by mov1ngca_lever -to. the:right,. (control), A{b). mov1ng a pofnter

fto the: rlght by . rotatlng a knob in-a clockw1se dlrectlon, and (c) mo 1ng

a; p01nter downward by moving a lever forward (86) L o K P

: The:compatlblllty of dlsplay control relatlonshlps lnfluences the ‘ ;
qease ‘of motorilearning:and transfer. (1,29, 46) as well as:.the 'quality: of

- performance after: aretention:interval (86). ' These- results have 1mp11ca-
”tlons for tra1n1ng and equlpment des1gn :.Ind1v1duals tralnlng_on hlghh

A Indeedk,lt 1s suggested that the performance of 1nd1v1duals afforded
d‘V a reasonable ‘amount ‘of tralnlng on - equlpment hav1ng 1ncompat1ble dlsplay-'
‘ ﬂ';control relatlonshlps may never. catch up: to the performance of 1nd1v1duals:
,"f using’ hlgh-compatlblllty equlpment (46).. The compatlblllty of dlsplay:__ A
. Jw:control relatlonshlps may not pose serlous problems durlng the performance
o of 'slow, self—paced tasks that allow a- llberal margln for error.ﬁ ‘But it o
:.ffrfwould be a mistake to: expect optimal gerformance ‘using equlpment wlth 1n--;‘g“
‘_.{compatlble dlsplay—control relationships in potentlally dangerous (120),
1’externally paced, or 1nfrequently performed tasks. T , _ .

'-"-L“ ) . . '1"1.-.

A

. : Speclflclty of Task Dlsplays.; Most tasks,vsuch as tracklng, depend
Bt heav1ly upon the processing of" visual information: from a task display. '
U .ﬁAt ‘least’ durlng the initial. ‘stages of 1earn1ng, the learner is forced: to
5"'f rely upon the visual cues he rebelves from the task dlsplay/to gulderhls
‘fperformance. Later in 1earn1ng, however, the. 1earner relies more on pro—
prlocept1ve or other ‘internal, sources of 1nformatlon and depends less on .
_ the dlsplay and other external cues (16 49) .. This suggegps -that v1sual
S cues de51gned to supplement the information: prouaded by ‘the task idisplay -
1 are inforfative early in learning and’ facilitate the léearning’process, ' ﬁj»lv
»IVfﬁfbut may be relatively uninformative oncé  thé learner has "internalized" ‘.- ‘:f
: .. the performance. This hypothesis was tested u51ng a: pursuit tracking, task-
S and task displays that varied in. "spec1f1c1ty. ‘ Dlsplay spec1f1c1ty 1n-
"volved a numerlcal cédde and/or several grid systems that, - superlmposed on
the face of an 0501lloscope, permltted several 1evels of target—locatlon o
"cuelng (136) b

¢ v

3 . i .. . 3 e

-

.o _' As predlcted, the early acqulsltlon of the tracklng task was faclll—,
rtated under conditions of hlgh~dlsplay spec1f1c1ty.. However, the speci--
‘ficity of the dlsplam.dld not affect the final 1evels of skill attalned
- by the learners nor the l-month retention. Apparently,_later in learnlng,
o 'f>supplementa4y cues from.a display do not provige informatign ‘over<‘and
. above that which is already provided by-.internadl sources and consequentlz .
' are not 1mportan+ as_determiners of retention.. .- . - |
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Augmented Feedback Informatl ?about a response may be augmented,
pplemented“’b rdellverlng general 1nstructlons or perceptual cues to
,' durlng, or’ after“the response.‘ For examplef:“
i erainee; can see each tlme he scores: "a’ hlt"'on the standard task‘ then
‘ksaylng it" or: flash;ng a llght augments feedback., thtle has been_done"
o] assess dlrectly the effects of augmented feedback on the long-term oy

etention of:. motor responses.: -The only: exper1ment¥found on: the-subject%

Pt

;failed t'“flnd’any effect of supplementary audltory n01se upo _t

v

The! effects_of-augmented feedback vary‘from task to task’.bothmw
LI : , present and 1n tests afte ?1t has been'removed,}25)
augmented | feedback 'is; present, it often. facililtates' performanceﬁdur-
ulng tkalnlng (29) “This:facilitation has been! attributed.'to:changesiin
‘motivaltion: (22),-1earn1ng {(102) , .or: both (69):. g To‘undeqStand how'these
nterpretations: dlffer, see- Flgure 2. ! The: flgure presents the >

‘‘‘‘‘

: cal penformance'data for two groups tralned w1thrand_w1thout augmented
n: chdltlons after”a

'lustrated 1n A, B,_and C (117), and are explalned below.

4. L . : .',"{; RTINS

?7”‘ Certaln varlables, such as motlvatlng 1nstructlon§ (47), stlmulate
oL actlvate the - learner to perform previously learned r‘sponses more
v1gorouslyf*but they have no direct effect on the' strengA_ of thosei“*‘
responses 1n memory.‘ A varlable that ralses ox: lowers pe"ormance when
present and whose effects dlsappear rapldly when removed is', called a
performance varlable (result A) S . j_;;:.‘ Pl

B i "*' . . . : - !
For example, one experlment (22) lnvolved the acqulsltron of an elec-

tronlc antlalrcraft gunnery task and’ the dellvery of augmented V1sual .
feedback durlng tra;n1ng.'*Ind1v1duals in the: controb condltlon tracked a
-g-.each tgrget plane using .a group: of ‘dots as.a cursor. Feedback”ﬁas the: . .7
tv1sua1/error ‘between: the dots and the mov1ng target plane.; Indlv1duals B
'1in’ the 'augmented feedback condition performed ‘the same tracklng task as
,,“ those in the control condltlon, bt they recelved exFra v1suar~cuesiﬂj _
(reddenlng of the, target plane) when thelr responses were. on target.qﬁ{‘

/i . -

./i, .
Ind1v1duals in- the augmented feedback condltlon performed better
durlng tralnlng than 1nd1v1duals in the. control condltlon, but they d1d
‘not’ learn more about the.task than the controls., When subsequently re- ‘
qulred to. perform in the absence of the supplementary v1sual cues,~1nd1—;
v1duals in the’ experlmental group performed no better ‘than those in- the '

control group. ;o L - :

s . i T

- Experlence Wlth some var‘ables, such as,organlzatlonal strategles
(52 89), produces relatlvely ermanent changes in pertormance. ‘If the
. effects of!thls experlence pergist aftpr the varlable has been removed L
- the varlable is said to ‘be a learning’ ‘Variable . (result B).  For' 1llustra-_:
tlon, researchers using a pursult tracklng “task- 1n Whlch tralnees ;could

. ‘ e [ T
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see 1f they were on target found that performance was enhanced greatly

when feedback was augmented by a clicker. that. sounded when_the: tralnees
were on' target.' The authors attributed ‘this enhancement to learnlng :

gbecause the effect pers1sted after the cllcker was removed (102)

-

1ff§“ i Some varlables, such as knowledge of results (76), appear to affect
- both performance and learning. For these variables, the- dlSSlmllarlty _
between groups is reduced by a transfer.test (result.C). ‘Some: research e
1nd1cates that augmented/feedback may work 1n thls way, at least 1n cer- AU
ta1n 51tuatlons (69) '/ JERTI ; . . o 3\.; AT
T . . . G SR SUFEE T
b By deflnltlon performance varlables do not have a direct effect on
.learnlng or memory-f/An-amportant reservatlon must- be made, however., Any
;varlable, such ‘as augmented feedback,. that can enhance’ an : lndlvsdual s
motlvatlon to. perf fra a partlcular task also may lnduce hlm to practlce‘
harder or ‘more fre&iZntly, few. doubt the 1mportance of practlce as a‘'’ i
- varlable for: lear ing and memory (6) - " Thus, varlables that ralse (or
ﬁ@ﬁ lower) a person g motivation. to perform a’ partlcular ‘task also may act v
//lndlrectly 'to: determlne what is learned and what ls retalned
.. : o ' s M . :
P "~ In summary, a variety of training procedures has been used to augment
feedback Some, ‘but not all, produce lasting ‘benefits. Some have no ef- ‘,: :
fect on performance. Some conceivably could produce performance def1c1ts T
when’ w1thdrawn (25). .It has been indicated’ that the’ transfer paradigm :
prov1des a bas1s for evaluatlng formally the impact of tralnang varlables
such’ as’ augmented feedback on motor learning and. performance. Informally,
however, the follow1ng generallzatlon appears’ to have some. emplrlcal jus—-'
tlflcatlon as a gulde for evaluatlng a tralnlng procedure. BV y".l_;f

- e

<7 §f he is to perform. accurately at-all, -and training procedures.
/@111 be effective insofar as- they help hlm to observe and use
_,’such cues as are 1nherent in the task for which he is belng
// tralned-‘-They will fail 1nsofar as they provide hlm with extra
4 cues on which he comes. to rely but. which are not avallable when

! ‘.he changes from tralnlng to the actual job (143).

mE e B a sub}ect must have some cues to the results .of his actlons

/\ : : - - . .‘
‘ Ind1v1dual AbllltyﬁLevels

! o

‘//""' " In the acqulsltlon of motor tasks., 1nd1v1duals hav1ng higher 1n1t1al

a ‘ablllty levels generally require less time to ‘attain a specified crite- .
rion than individuals having- lower initial ability levels. This conclu-

sion. appears to generallze across a-wide range of military (50, 55 141) and

- nonmilitary (35, 36,101) training conditions. and a number of different op—
eratlonal deflnltlons of the term lnltlal ablllty. . . _ . ‘ J"ﬁr




*. Tth, research u51ng elght traln'ng tasks ranglgg 1n complexlty from
i lem solv1ng‘(50), research u51ng a9 —stnp procedural task! (55),5and .
fresearch uSth 13 ‘Basic" Tralnlng ‘Skills (I41) all. deflned 1n1t1al ablllty
7'3 in terms of the tralnees Armed Forces Qualification Test scores -and 1nd1—"'
':cated faster ‘learning by trainees who had higher mental aptltudes., Other 3;
frstudles, deflnlng ‘initial ablllty in terms of the learner S early perfor-'"
. ‘'mance on a to-be- retalned balanczng task (35,36) or usxng expert judgments
- of; mofor prof1c1ency as an index of 1n1t1a1 ablllty on flve novel gross"""

motor tasks (lUl) obtalned analogous results. L ;'_j
, : . . BT W S Co e
_ In contrast, the welght of the ev1dence 1nd1cates that the ratejat
iflfwhlch motor proficiency is lost is not related to:a performer S lnltlal
::“‘ablllgy ‘level (35,55,101,141). This is lllustrated 1n Flgure 3,(wh1ch
f;g:presents hypothetlca] forgettlng functlons for three groups of varylng
., initial. ablllty ‘Note that. the functions axre parallel to one”another,

’Vﬁjisuggestlng a. common rate of forgettlng._ Also note that lndlv1duals of

_such 1ndlv16uals should require refresher tralnlng 1ess frequently than

: persons of lower initial ability. Furthermore, refresher tralnlng.can be
shorter fof persons of hlgher 1n1t1al ablllty because they retraln’to ‘
standards more qulckly than persons of lower 1n1t1a1 ablllty (55)*

f

-~ ' . - ™

Procedural Variablesr

it ) ) ) ) ' N . . ’ A

-‘Level of Orlg;nal Learnlng , - ' S . ' ; . /

LA : A number of authors (48 51) have descrlbed ‘the learner s ﬂgvel of
IERELITEE orlglnal learning as the single most 1mportant determlner of’ motor mem—.&, .
"6ry. One study, using.a_three-dimensional: fllght—control task (48), RS
'pfound extremely high pos1t1ve correlations (.80 to .98) between the -
‘learners’ ~initial proficiency. 1evels and later retentlon.:fThls ev1dence‘
.- ' is compelling because the strength of these correlatlons dldjnot dissi-
:..° - pate through time. The. relatlonshlp between original- learning level and
SESCRNS retention remained high and stable over retentlon periods ranglng from
R & month to. 2 years. . . | . - M‘
: ; ;
leen the 1mportance of orlglnal learnlng as determﬂhant of reten-
‘tion, some consideration must be glven to the varlahles thought to . con-
tribute most hedvily to the motor learning process. These are knowlédge
‘of results, foxr example, "right," "wrong," "too long," "too .short"; and
response-produced ‘feedback, for example, proprloceptlon, VlSlon, and
-+’ audition. e o J
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an sxmple reaction -time task - (monitoxjing}:to-a- -combat plottlng “‘taski prob-7727”?

.4f hlgher 1n1t1al ablllty achleve higher levels of .- proflclency durlng orlgl-'ﬁf:
'nal. tralnlng ‘and’ retain their skill at a higher level over the retention . &
perlod than 1nd1v1duals of lower lnltaal ablllty (141) ‘As ‘a consequence,;
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Knowledge offResults. Knowledg of results refers to externally i
prov1ded error 1nformatlon -about thejdlscrepancy between a learner S ac—-3f
e tual response and the lntended résponsei. Announcements such as "right," o
SR wrong " "I inches: too far"‘are exampﬁes of - knowledge of results.~ An . L.
,ﬁ;account of the role. of knowledge of- results in motor/ earnlng is beyond‘i i
", the scopé of this repgort; there are several llterature reviews available . | .
.. . on the subject (4, 25, 197, 116). "Two p01nts from.*hat/llterature, ‘howeve R
"ﬁ‘ ,are especxally pertlnent g'j'=__ : - r—'v',//- -_‘ ,' ;-.r__u ,;fi»
n]}“l.l'The early acqulsltlon of a skldl depends heav1ly upon knowledge“
.. of results. . Performance genejglly improves w1th knowledge of
i;fresults and deterlorates6 or OWS i NO . further lmprovement, when: ,
- knowledge is withdrawn :(24,986). Only . later in learning,’ionce aﬁ{;f?
fperformance has ‘become “1nternallzed " may knowledge of results1f'7
Rt " be withdrawn. (or its absolute frequency reduced) w1thoutb$er1—lf"“‘
¥ n”{‘g,:yus?”‘O“SIY 1mpa1r1ng performance ( 6 118).' v ;”-r ‘ '«,\: A
M i . L "’; : . f

.. 2
- R

2. In the relatlonshlp between the amount of 1nformatlon prov1ded 7m.é
by knowledge of resul*s (1ts pr c151on) ‘and an 1nd1v1dual 'S rate'“f-f
- of learnlng and’ flnal level oﬁ P formance, the: con51stent flnd—” b
ing (133) has been that performan e is” facf&a&ated by increases '
i . . .in the precision of knowledge|of results, buy only up. to a point,.
E ' If knowledge of results mrs tof» precisey/ that is, ifi the
~amount of lnformatlon ' nowledg of 'results is in-

by the learner w1th1n

: the time- allowed,‘a deCr
¢ : R .
In general, 1nd1v1duals“who recelve more and better knowledge of
;results require less ‘training. time an 'achleve a- hlgher end—of—tralnlng

-performance level than those who do n% This suggests that any added
.~ effort to provide more or better knowl edge of results to trainees would . .

;_ be ‘worthwhile. It also suggests that spec1al attempts must be made to 7.
]:ufaCLIltate the dellvery of knowleoge of results in situations that tend e
R SRR naturally to 1nh1b1t the presentatlon of - 1ts 1nformatlon.‘v :

o - . : N . . T «
‘ _ v For example, a major source' of dlfflculty in tralmlnggma team tasks o
;“.15 in detecting and correctlng the. ertors of individual team ggﬁbers.__Alzr

"though a variety of factors contributes, to this: problem,'lt ‘appears to

i« stem primarily from the lnteraotlve effects ,.of the team members respond-

'ang and the difficulties involved in 51multaneously monitoring the ‘behav- '

'ior of several 1nd1v1duals (142). . 1If technlques could be devised td
fac1lltate the presenfation of more or. ‘better knowledge of results in
situations like. these, a higher level of trainee performance is likely

to be realized. ‘ . o ' o S

:
-

Response—Prod jced Peedback._ The theOretical"status of response-
‘produced feedback during motorqlearnlng is still controversial (3,5,67,
bmrm_““BB)L*but_few“doub its- prag€tical imporxtance- for the acqulsltlon of new-
’,motor responses._ Most th orlsts (4,67) contend thbt;early in learnlng,
the learner use knowledge of results in relation’ wlth the feedback ‘

. i . Lo
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“information- he recelves, for example, proprloceptlve, v1sua1, or auditory
cues, to establ;Sh a memorial representatlon of how a correct performance
v;feels, looks, and sounds.‘ This representatlon is assumed to be weak ini-
tially, so the’ learner must depend heavily upon knowledge of results for
Lnformatlon about the correctness of ‘his performance (24 96) '
\
Later in learnlng, however, after a stronger representatlon of the
fcorrect performance has been stored in memory., the .learner can detect and .
..correct movement errors by comparing the feedback qualltees of his present
‘performanCe ‘with those of the stored representatlon. He no longer needs
to depend upon knowledge of results for information about the correctness
Ipof his performance (96) This 1nformatlon is inhérent in the feedback
“-that he,has received. ' from past performances and that he:receives from- his
.:present performance, - ‘and the lnformatlon enables him to "know" when a
perfonmance is correct in the absence of knowledge of results. S

)/

. The notlon (4) that ‘motor learnlng and performance depend upon the _
' quantlty, for" example, numberx’ oﬁ feedback channels. and amount of practlce,'
‘and quality, that is, fldellty, of the response—prodﬁced feedback the in-
.. dividual receives has solid empirical support. .The /more response-produced .
feedback thaf the learner receives, the more accurate and confident he .
-becomes. -in his responding (6,7,8.119}. Also, retention is facilitated by
_increasing the amount of original practice'.or number of available feedback -
fchannels, for' example, vision ver'sus no vision. Ev1dence for this has
~ been obtained under a wide variety of task condltlons (87 94 134) and
-] . retention intervals (10,14,130). h

N,
~, .

‘{ _ ’ Increased Levels of original tralnlng ‘facilitate retentlon, but is it
. cost effectlve to train beyond one successful performance, or is such
.overtralnlng excess:ve and wasteful'> L _ i .

. A4 A

) ! o : . -t
Overtralnlng, or mastery tralnlng, 1s“important and it may be more
&FOSt “effective than proficiency ‘training, that is, training to some mini-

mally acceptable level. Mastery training is known to enhance retention
| (58, $5’92)4 This is a predictable result, but/it has important ‘implica—
| . tlonslfor Army training policy.. Currentl e Army relies heavlly upon
Lo combinations of profieciengy training and efsesher training. The problem
Lo ks ﬁﬁat refresher tralnlng involves, tlme personnel and equlpment ‘costs
}\\3 th qannot be minimized without flrsttml izing the need for refresher
i trainlng. One way to do this is téfexten‘ original training. If future
research should show that retentlonAEOIIOW1ng mastery training equals_ or’
i exceeds retentlon following an equal amou?t of proficiency training plus
¥ . refresher tralnlng, a mastery training policy would appear to be the one-
| - to adopt.,_. o \ » :
R /a :
3 /  The benefits of mastery training exLend beyond 1mproved retention. -
; vTheory (4,31,45, 65 66) and data.(27) suggest that the skilled performer
is able to devote less of his total attentlonal capacity to_an ongoing
‘ task than the novice. Mastery tralnlng thus frees the performer either .-
to’attend to other tasks or to concentrate upon different aspects of his
maln‘task.

-~

= ’
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, Furthermore, ‘there. is ev1denoe 5uggest1ng that mastery tralnrng may \
reduce "the inhibitory effectsfof\anxlety—arou51ng or. stressful env1ron~ -

-n-ments upon performance (79). Stated another way., the stressful envlronz

‘,fment that may distract the less-skilled ‘individual. and disrupt his
. perfoxmance may not serlously impair the hlghly skilled 1nd1v1dual s

performance. .If this hypothe51s is supported by future research it has

‘clear 1mpllcat10ns for Army training. " In partlcular, the common bellef
.may be lncorrect that troops ‘must-be. trained under 51mulated combat or

other’ generally stressful. condltlons to react approprlately wheén placed

,1n an actual combat S1tuatlon Mhsterxgtralnlng alone may protect:-a’

uor hostlle envxronment. :

soldler sgperformance from the lnterferlhg effects of an anxxety-arousigg

[
'

Phy51cal practlce is 1mportant in- the acquls;tlon and performance of_
motor tasks: . However, there- is evidence that the performance of some mg~

. ‘tor tasks .can be enhanced as.much or more by’ ‘mental practice" (1045105).

One 1nterpretatlon fox this effect is that merital practlce produces act;v' jff

;ﬁlty in the mu5cles involved in the performance of a task and_ that this _
activity: transfers positively to performance. Although this lnterpretaz

tlon has emnpirical. support (105), another more reasonable 1nterpretat10n

'qs avallable. There is ev;dence that mental" practxce fac111tates the Qagr. _
~nit1ve problem—solv1ng aspects of motor learning. For example, predomx‘

inantly motor tasks, such -as tracking (128), show little benefit from Ao
mental practice, whereas' ‘tasks that requlre the learner to -depend heavlly 7J}
upon intellectual, problem~solving 'skills, 'such as procedural ‘tasks (10§ o
generally reveal substant1al beneflts due to mental practice. -
Also, some physxcal practlce on a task enhances the effectlveness of
mental practlce. ‘As physical practlce contlnues,,however, mental prac~/“

v’

"tice becomes lncrea51ngly less ‘éffective (122). This observatlon is” coﬂ~

sistent with the view that mental practice sub3erves verbal-cognltlve
processing during motor learnlng.' It is during the 1n1tlal stage of mator
learning that verbal~cogn1t1ve act1v1ty is assumed to ‘be prevalent (4 45,
65, 66) ' : :
Although ¢lear evidence on mental practlce 1s dltflcult to obtaln
(105), closer scrutiny of the phenomenon is warranted. 1If, for example)
mental practice alternated with phy51cal practice can enhénce or Taintain

'performanee on hazardous tasks; such ds disarming etplosxves, or “infre=< - -

quently performed tasks, such as launchlng m15511es, the potentlal beng~ :
f1ts are great. o : - “ . .\ .

Refrésher-Training ,

. Time to retrqin'inditiduals to original performance levels is gener-
ally rapid, that is, consistently less than 50% of the original.tréinigg

- time (14,59,87). However, length of retraining time is much longer for

:(a) longer retention intervals (14,95}, (b) more difficult tasks (73), and
(c} for procedural tasks rather than continuous tasks (14 59,87). In'
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addltlon. highly trained individuals tend to requlre more’ tra1n1ng time
. to regain their old levels of prof1c1ency than less—tra1ned individuals
(14.87). This latter result regquires some/clarlflcatlon. “Wwhy should
3ﬁforgett1ng incréase with ‘training?. Although this effect may seem counter-
“intuitive, it concerns~forgett1ng in an absolute sense. Because highly
" trained 1nd1v16uals have more’ to forget they have moxe to relearn.
! Several 1nvest1gations using mllltary personnel have demonstrated
that persons ‘with practdice during the retention interval .perform better
than those with no practlce (72,123,124,125). For example, an experiment :

' examining the effects of various practice strategies upon the lohg-term = -
retention of. sxmulated manned spacecraft operations (124) shdwed that per-
’f0rganoe -on the procedural aspects of the task deterlorated to. an unaccept-

~able level w1th1n 1 to 4 months ‘of no practlce.

, At the end of 1 month of no pract1ce, tralnees required five times
-longer to. complete the procedural sequence than they did at the end of
tralnlng._ Additional performanee decrements were not evident after 2 and
3 months of no practice. “However, after 4 months of no practice, trainees
1required 17 times more time  to complete the procedural sequence than they
did at the end of initial training. In sharp contrast to these data,
- trainees afforded sope form of practice during the retention interval
.showed no signs of losing their end-of training proficiency levels on the
‘ cedural seouence over retentlon -intervals measured up to 6 months.
Refresher tralnlng may provide opportunltles for new learnlng, For
‘1llustrat10n, researchers using a team of aerospace test personnel showed
- a substant1a1 lmprovement over orlglnal training levels follow1ng
-nrefresher.tralnlng 13 weeks. after orxglnal tralnlng (38) e

e 4
H

_ Refresher tra1n1ng technlques may 1mprove on—the-;ob safety and per-
formance (38, 51). 1In partlcular, development of practlce*modules for
safe practice of a dangerous or critical task immediately prior to- actual
task execution may result 1n fewer a¢c1dents and a hlgher quallty -output
(123 124, 125). ' ¥

.o '!"4 ',. -
- ] _
, Warmup Act1v1ty.' Closely related to the toplc of refresher tra1n1ng
" in the lL*erature on the effects of a Preparation, or warmup period, on
retention test performance “(117) .. A warmup period can_ promote retention,
but it depends upon- the partlcdlar tgsk and warmup activity. - Many, inter-
vening activities are 1neffect1ve as warmup activities, and some result in
.*‘poorer ‘retention than a rest period (121). More research is needed on the
. effectiveness of various warmup act1v1t1es on partlcular ‘tasks to clarify
tlhis issue. - A :

* Some ev1dence (90) suggests that "neutral" tasks,,1nvolv1ng act1v1-
ties unrelated to the task to be.recalled, - can be effective as waxmup
activities. If this is the case, it has practical implications ‘for the
Army. In particular, the introduction of a neutral warmup activity prior

3
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to’ the performance of an Lnfrequently performed, such as launchlng a
m;ss;le, or dangerous task; such as combat, may prove an effectlve means.
of improving performance. :

Transferuof‘Training - .

e Transfer of training refers to tne influence of past learnlng on new
" learning. . Learnlng one task may help in 1earn1ng or performing another f‘
task (positive transfer) or may intérfere with the second task (negative
transfer) . For example, the responses acgquired while learning to drive
* - an automobile may alter the responses one makes when learning to drive'a
tank. ‘Transfer depends upon the similarity of, the. stimuli . -and responses
- involved in tasks A and B (61,62,63), the 1nd1v1dual' level of learning

(1,42,51,75,78,145), and the difficulty of the tasks’ (17,61,77)-.-

‘ . Positive transfer effects are observed typically when transferring -
+“between motor tasks, but. the strength of the effects are USually'small.'
because of the differencés between tasks and because of the effects of =
. forgetting (). The observatlon of negative transfer depends primarily- -
upon how it is defined *(23,61,62,63,75,80, 82,117, 145).: If an overall
decrement in performance is required fox: negatlve transfer, then the )
follow;ng conclu51ons are justified: Negative transfer is dlfflcult to-
3produce and, when produced, ‘it obtains in negllglble amounts and rapidly "
converts to positive transfer (23). If, however, negatlve transfer is
deflned in terms of the occurrence of an occa51onal, intru51ve wrong _ o
response, then it may be a practical concern. Intrusion errors, although tgL
.Asolated, can occur within an overall context of positive transfer: (75),'
and these errors may have serious consequences for the human operator or"’

' the equipment being operated. Thus, the pilot. who is experienced with
one aircraft may have no problem, relative to the: complete novice, han-
dling the .controls of a different achraft up to the point when a fatal
error is caused ‘by the pilot's prev1ously established flightwcontrol
responses (63). Although such errors can be avoided by training w1th1n

N T a controlled env1ronment, such as use of a sxmulator, tra1n1ng is-

S _required.’ ' '

. . ! . a o . .
Trace Decay and Interference " _ .

0}

Trace decay and interference are theories of forgettlng. Trace decay
theory states that information deteriporates from memory solely as a ‘func-
‘tion of time (2). One study 1nd1cates that information ‘about discrete mo- . -
.tor responses starts decaying as soon: ‘as it énters memory (129). -However,

_ there is no evidence about the decay of contlnuous motor 1nformat10n .and
v the extent to which trace decay 1nfluehces the retention of motor skill

" over prolonged no-practice 1ntervals.‘§. .
- \]
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Interference theory states that forgettlng is caused by, competltlon . *
ffrom responses. learned either before ox after -a response to be remembered.

When : the acqu151tlon of task A degrades the retention’ of _t task B, proactlve
zlnterference is said to have occurred. The acqulsltlon o "A-also. may
‘enh&hce ‘the retention of task B. This is known as proactlve facili
'_ﬂfThe inhibitory effect of .task B on the -retention of task A is known as
’f;retroactlve interference. The converse of retroactlve 1nterference 1s

"known as retroactlve fac111tatlon.

o Few 1nvest:.gat:.ons have been conducted of proact1ve~(43) and retro—
Vd[actlve (/5 80, 82), interference that used motor tasks and retentlon 1nter— :
lval 1onger than a few seconds.. Based on the evidence obtained, it- o
;}appears chat interference effects, like overall decrements due to negatlve

. ‘transfer, are difficult to produce. .and, when produced, persist typically
- -foxr.little more than a handful of trials.. Also, these effects appear. to
- be- restrlcted to situations in which 1dent1cal stimuli 31gnal antagonlstlc
responses (117) "Unless two tasks employ identical stimuli and require
antagonlstlc responses, fac111tatlon effects can be’ ant1c19ated general_y

- - -
I . :

: _.3' o ‘ ' _ . i
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s-Schecules of Practlce ‘
COntlnuous ‘Tasks. Learnlng appears to be slower when practlce ses—

'sions are longer and heavily massed than when they are shorter and occux

at more comfortable intervals {13). Bowever, most motor learning, theo—
'rlsts (61 117,121) are reluctant to concludé that spaced practice is ‘more 7"
conduc1ve to learning’ and retention than massed practlce. Rather, the '
S theorlsts ‘contend that individuals practicing under massed conditlons may
;‘;_‘be more susceptible to the effects of boredom and fatigue than those prac—_
o "t1c1ng under..spaced conditions. As a result, the relatively poor: perfor—

- mance of 'individuals in the massed ‘condition may not reflect th amounts
Wthat they are actually learning. fo support this content;on, ‘a substan-’
tial body:of . ev1dence (11,74, 103) indicates that persons ‘who are- qLVen
rest after pract1c1ng under massed conditions can demonstrate levels of
:learnxng‘Equlvalent to those achleved by 1nd1v1duals practlcing under'* L
‘spaced condltlons. . ) . ,///‘ -

&

_ Although there is generally little or no dlSSlmllarlty 1n the reten—' :
_tlon of groups ‘trained under massed and spaced practlce schedules,'an
1mportant cautionary nrote is necessary. The acqu181t10n ‘of dangerous orx _
, 'ﬂhlghly fatiquing tasks mady be impaired under massed practice conditions = *
. ,(117). That is, learning and performance may be hindered if the task .is
' too danqerous or too strenuous: to be attempted repeatedly in the ‘ahsence -
‘;'f of rest. 1In support of thlsrhypothe31s,.the literature on v1gllance R
. indicates that humans cannot maintain a hlgh level of performance in tasks '
.that require continuous sustained attention (32). If rest opportunltles
: »'are not provzded, individuals lose the%; motlvatlon to perform or show '
‘ 1nvoluntary lapses of attention. . If these lapses of attention accumulate,
" they may\E}nder the 'early learning of persons in the massed practice con-
‘tdltlon relative to persons in the spaced practlce conéltlon (61) .

.

-
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‘Discrete Tasks. In contrast té continuous ‘tasks, the scheduling:of
“practice apparently affects neither the acquisition nor performance of .
‘discrete tasks (37,117). No data are available concerning the ‘effects of;
different practice schedules on the acquisition and performance of proce—'
dural tasks. However, it is likely that the effects of dlstrlbutlon are, |
. qulte small and relatively unlmportant when measured agalnst the 1nf1uende
of: other learnlng variables. This hypothe51s stems from:both the observa-
tion that the distribution of practice typlcally has little or no effect
upon the-* acqulsltlon of lists of:verbal items having some dégree of"lntjr
-~ ' nal -organization (138,139) and from the common belief: that jthe motor
"Aresponses involved in most. procedural tasks have a strong verbal componént
"~ (2,117) . In the absence of further research, however, therexas no way o)
confirm or deny this hypothesis. o ™

- — : . f SN
In summary, the manHEr in which practlce occasions are arranged tem--
porally generally does not"have a strong effect upon individuals' 1nai
level of original learning. The number of practice occasions offered
an important variable.: Therefore, 'in 11m1ted—durat10n training, progra
better retentlon should result using massed rather ‘than spaced pract1
schedules. The fact ‘that ma331ng allows more trials per unit time an
hence more opportunlty for initial learning is the basis. for this
-1nterpretatlon (23, 117)

s, -

b

‘J.Whole—_Versus-PartiTraining Methbds] o ._ o f oA

beglnnlnge-whole practlce--or by d1v1d1ng the task into a number of
~ crete parts—-part practice. In the part—practlce 51tuat10n,-the le'rnerf'
. practices each part separately or .in ‘conijunction with -other parts a
later 1ntegrates the parts to form the whqle task. Obviously, ther
no way to define the medning of the terms: part or whole because spe
cation depends upon the partlculqr task (Gl)J/ o~

Four- general categories of variables seem to. have(an effect upon the
.effectlveneSSeof part— versus whole-craining methods (91)* ’

-,

PO f'l. Task to be.Iearned, for example, organlzatlon,_dlfflcult
2. <Learner varlables, for example, intelligence, age, exper ence,’
preference; : . Lo J

. 3;1 Training situation, for example, amount of practice; an4
. \\/" o 5 N i . ) ) .
o 4?‘/Performance measures, for example, time o¥ trial scores
b : o ' - L :
. Task to Be Learned. The effectiveness of part—- as oppPosed to whole- ~
-training methods varies with the difficulty of a task's independent sub-

tasks and the degree to which the subtasks are interxrelated (53/61 117,

o

121) 3 3 . . e
I D : |
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‘fIt generally is. easier to learn slmple to moderately d1ff1Cult
‘tasks using whole-tralnlnq\methods rather than part—tralnlng
methods, whereas the opposlte is true for more dlfflcult tasks
(121) JE - ‘ - .

e

2. Tasks requlrlng high coordinatlon and timing of thelr serlal-"
, . motor components are 1earned faster using whole-training methods.
R -In contrast, part-training methods tend to be more effective. for
' _tasks that can be d1v1ded into meanlngful 1ndependent subtasks S
- (30 93) S : _ - e

.-

. 3. There “appears to’ be an interaction between task dlfflculty and
N task organxzatlon that influences the relative effectiveness of.
‘ part— and whole-training methods. Thus, training for ‘tasks of
"mhlgh organlzatlon becomes increasingly more effective with whole
_fpractloe as task difficulty increases. On the other: hand, traln—
”.1ng for tasks -of low organlzatlon is 1ncreas1ngly improved by’
'part practlce as task dlfflculty increases (91, 93). -
_ Léarner Varlables. " There is some ev1dence that more 1ntelllgent _
.1nd1v1duals may learn and hence retain. more uslng whole- rather than part-
N training methods. .Evidence for this conclusion ‘comes from a study of the
'Qﬁ- -use of whole- and part- training methods to teach rifle marksmanship to -
s Army Basic Trainees (84). Although the whole-training method was found
- to be superior in slow—flre routines for all trainees, the more dlfflcult
N task of sustalned fire was’ facilitated when the whole method for only -

.// tralnees of above—average 1ntelllgence was- used.‘ o : N ,“WG;,.

/ e
/

' Individuals who are older (SChool—age subjects),'who'have more task-
related expexience, or who are performing a preferred task also tend to
‘learn faster and better when whole--rather than part-training methods are
“used.. These results have been 1nterpreted in terms conslstent with the
hypothe51s that less difficult tasks.are more amenable ‘to whole€ rather
ﬂi' than to part tra1n1ng methods (21). This is a reaconable 1nterpretat10n.
B Presumably, a task is simpler for older, more 1nte111gent, or more experi-
“enced persons. To ‘the extent ‘that a person's. preference to perform a. par-
Cticular ‘task may be related to task difficulty, it may be viewed as an-
other condltlon under which task dlfflculty 1nfluences tralnlng-method
effectlveness.

Tralnlng Sltuatlon. As tralnrng contlnues, 1earﬁ1ng is 1ncreasrngly
beneflted by whole practice (91). Apparently, this is another instance
°1n which task dlfflculty is the variable underlying “the effect.' Practlce
facilitates the ease of. a performance, causing later learning to be more

amenable to whole~ than to part—tralnlng methods. A

Performance Measures. leferent Yesults are sometlmes obtalned whenv
different performance measures -are used. . In partlcular, time scores oc-.
'caslonally favor part- tralnlng methods whereas trial measures sometimes -

- favor the whole method. However, ‘this effect appears to be artlfac%ual
(°1). . . - : '
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" Part-Whole Learning and Long-Term Retention. A search of the wholé-
. versus part-trainihg method literature for information about the impact
“ of this training varlable upon long-term motor memory was almost in vain.
One. set of experlments was found on part-whole learning and long—term o=
_ tor memory (112,113).  The -author failed to show any differences, however,
e between condltlons durlng orlglnal 1earn1ng and retentlon. '_

Although retention should benefit from the training method that.
yields the- ‘higher orlglnal trégining level, both part- and whole-training
methods may produce substantially equivalent training outcomeS‘(llz 113)
‘Under these conditions, it may be more cost effective to use the part
method. The part method. typlcally employs, or can employ, simulators . (9)
that are usually lower in operating costs, more adaptable to training
requlrements, and less hazardous to the operator (140) than the opera-
tional equ1pment ' . . !

&

'Additional Test Trials

_ Performance tests have been perceived tradltlonally as’ tests of
> learn1ng or memory. It is becoming increasingly clear., however, that test
trials themselves éontrlbute to the learning process. Evidence. concerning
the ‘effects of additional test trials, without knowledge of results, comes
prlmarlly from stud1es of verbal memory,.at least two conclusions appear
justlfled on the basis of it. . ' R h
PN . ., ' ' : , -

1. Memory-is facilitated greatly by the .addition of a test trial
given prior to final testing. For example, investigators 'studying the-:
long-term retention of verbal paired-associates found that the addition
of an 1mmed1ate test, after 10 'paired presentatlons of .the stimulus and _
response members of an item, reduced error- frequency by nearly 50% as com—
- pared to 10 paired’ presentatlons without the retention test. 1In addition,
long—term retention, as measured by the “individuals’ ‘response latencies as
well as' the1r .error freguencies, showed further 1mprovements when five
test trials were introduced prior to the final retention test (12). Con-

_ verging support for this conclusion comes from a host of experlments, many
-~ of which have been reviewed elsewhere (15,108). In general, flnal test
performance is faster (44), more accurate (26,106,107), and more stable

(34), and relearning is qu1cker (108) when additional  test trials, w1thout

knowledge of results, are prov1ded

_ Evidence is lacking concern1ng the effects of additional test tr1als,
without knowledge ‘of results, upon the retentlon of motor skill. Indeed,
this survey uncovered only one experlment on the toplc. It involved .the
‘acquisition and retention of a simple linear movement (41). Contrary to
expectations’ derived from the’ verbal learnlng literature,” the introduction
of additional test trials- durlng_the ‘retention interval did not aid reten-
tion. In fact, individuals in the experimental groups became increasingly "
less accurate, that is, more variable, over successive test trials. ’

\ ' . (I
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- It may be that addltlonal test trlals 1ntroduced during the retentlon
_ interval do not enhance motor retention, but this seems .very unlikely. As
" has been indicated, addltlonal test trials have clear, beneficial effects
upon the retentlon of verbal materials. There 1s no apparent. reason to
expect that these effects differ across response classes. It would seem
more 11kely that the exper1menta1 design employed by. these authors. was
' lncapable ‘of identifying the effects. of additional test trlals upon motor
retention. More research on thls lssue clearly 1s 1ndlcated.

L 2. Additional test trials are equally if not~m0re beneflcial to
learnlng and retention than study opportunities. A recent experiment
"using a verbal memory task. illustrates the effectiveness of additional
test trlals as a variable for long-term retention (60). Researchers o
. tested groups of individuals for the retention of a 1ist of words after a
48—hour retention interval.  One group was exposed tg the list four times
before the final retention_test, that is, study—study-study-study—test.

' A second group received a 51ngle presentatlon of the. list -and three test
"trials prior to the final retentlon test, .that is, study~test—test—test—
test. °‘Even though the former group was permltted four times more study
- time on the list than the latter, the f1nal retention of the latter group

- was far superlor to that of the former group. .

A number of 1nterpretatlons have ‘been offered to account for the
‘facilitating effect of additional test trials on. the retention of verbal
material (70). Perhaps the most plausible of thesn is that additional -

'~ test trials -enhance the recovery of information from memory. either by
facilitating its organization (28,40,111) or by enabllng theé learner to
develop a plan, or strategy, to retrieve the appropriate 1nformat10n at
the time of testing (57). It is also likely that test trials help the
learner to determine where learnlng is 1ncomplete.- Thus, on 'a given
tralnlng trial, the learner, may recognize mater1al he missed on the pre-'
vious test tr1a1 and concentrate on that rather than devote’ further,

attentlon to. prev1ously learned materlal (70,132). _ ) : .

- The observation’ that addltlonal test trials may be more: benef1c1al

) to learning than addltlonal study time has important practical 1mp11ca—‘
tions for tra1n1ng In particular, it may be. possible to reduce overall
.training time, producé a more effectlve trainee, or both, simply by af—.
fording the trainee more test- taking opportunltles. . Tests of the gener—
ality of this hypothe51s are necessary to determine whether” additional -
test trlals facilitate the retention of a wide variety of tasks.. . The:

B Army“Research Institute has begun research on this issue.

'

SUMMARY

) ) N

“"This review is based upon a wigde var1ety of data. ' Although military-

‘'related findings weré 1ncorporated wherever possible, some of the experl—
ments cited used tasks having little direct or obvious relatlonshlp with,
skills currently maintained within the Army. In addition, conflicting.

-




-ﬁ.data and data pertlnent to -a more detalled understandlng of the" behaVLoral
A’consequences of an extended _no-practice perlod generally were sklmmed over ,
teo lend coherence to. this report.. In so doing, an over51mp11f1ed plcture ,*k
- of long—term motor memory and the varlables that may affect it has been
‘. sketched. These constraints notw1thstand1ng,_a number of tentative con-
'clu51ons have emplrlcal support. : : i

Q-':_ o S D'screte motor responses, partlcularly those involved in pro—'
: ' fural tasks, are more likely to be forgotten over a no- ‘ f

ice period than are contlnuous motor responses. N y -

]

2. Retentio \of sklll is a decrea51ng functlon of time, and the
shape of the function depends upon a host of wvariables, 1nclud- .
O . _ lng the lengthiof the no-practice perlod the type of! task, and ’
: - _the avallablllty of practice or the presence of 1nterfer1ng
ractivities before or durlngﬁthe retentlon 1nterval. '

%S
4 . . . N a.

3.”-Apparently, learners can 1mpose organlzaflon upon psycholog-
lcally unstructured tasks via the learnlng.process. As-a result,
" task structure is not an important variable- for the long—term L
retention of well-learned responses, although it is ‘an 1mportant
varlable for the retention of less well -learned responses.
4. Functlonal 51m11ar1ty is a necessary and suff1c1ent condltion-'
' for- learnlng procedural tasks. AR :
: f'5.__Dlsplay—control relatlonshlps can, 1nfluence the ease of’ motor
s ' - learning and transfer and, to some: degree, the\quallty of per—-
formance after a retentlon 1nterval '
. 6. Vlsual cues: de51gned to supplement the. 1nformatlon prov1ded by
- n/’a task. dlsplay ‘are informative _early in learnlng ‘and ‘may facili-~
‘tate the learning process. Later in: learnlng,,however, these : -
‘cues become relatively unlnformatlve and. unlmportant as deter—
mlners of retentlon. . T
R /. ! . .
e T Augmented feedback can enhance perfermance by enhanc1ng motlva-
. tlon, learning, . or both. ™ -

8. ° Ind1v1dua1 ablllty levels are lmportant as determlners of reten—
' .tion insofar as they influence a person's rate of learning and .
7 , final level of performance.- Ind1 lduals of higher initial abil-. -

' ity tend to achieve higher levels:o proficiency and retain skill
at a hlgher level than 1nd1v1duals f lower lnltlal ablllty. . W'l

S -

‘}f" ' . 9., -The SLngle most important determl ant of motor retentlon is. ,
3 ' ‘ level of orlglnal learning. Inﬁo' tlon obtained from knowledge
‘of results and. response-produced feedback.ls thought to contrib-
ute most heav1ly to a tralnee s rate of learnlng and final 1evel

' -
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- of performance._ Information prOV1ded ‘by ynowledge of results
SPR, . " increases with its avallab#llty and precision.. Informatlon '
S e prOV1ded by response-produced feedback. 1ncreases with its

25 _'mlquantlty, for example, number of feedback channels and amount .
, - of practlce, and quallty, that 1s'»f1de11ty. - .

10.prefresher tralnlng can:serve as an effectlve source of new
. - "learning as well as-a means for, reestabllshlng forgotten
" 7 . responses. Refresher tra1n1ng~also may prov1de a relatively .
L ys1mple means of 1mprov1ng on-the-job safety and performance.‘

-

4,

: hl@*_Learnlng and retentlon are beneflted by test-taklng
e _‘opportunltles._ : , . . -

li:;-Occasional, 1ntrus1ve wrong responses induced by past learnlng

© ..o may have serious consequences for the human - operator oxr the
- 1equ1pment he 1s operatlng. ‘ o ‘
. . s o o

F R -

- -

- CONCLstoNs e
Returnlng to the main 1ssue , What' procedures can the Army reason—-'
- ably -use to 1nsure that its personnel remain jOb prof1c1ent over pro—
-longed penlods of _no pract1ce° : ‘
More bas1c and applled research is clearly 1nd1cated. Suggested ,
“durlng the course of this, rev1ew were a mumber of, igsues "and. ‘avenues for._
_'research aimed at 1ncrea51ng tralnlng effectiveness. Because long—term
reténtion appears to. depend so heavxly upon ‘a tralneejs orlglnal 1earn1ng
rlevel this would seem, at least 1n1t1allg, to. be the most direct and

‘~ﬁeffect1ve means of attacklng ‘the lssue of sklll malntenance 1n the Army.

% Stepplng up research’ efforts 1s not all that needs d01ng to foster__
Ga. more ‘proficient Army trainee. - Research has value but’ only 1nsofar as

R 1 2 permlts inferences to be drawn about the effects of partlcular ‘vari-

‘Tfables upon the retention of: partlcular performances.‘ Researvis doe€s not
;enable one to determine when a given. 1nd1V1dual ox team lacks : job pro- ‘
Fficiency. This fact is of- fundamental 1mportance 1f the Army is ‘to have
_a. cost—effectlve refresher training program. S . t
& - .o .

. More empha51s must be placed upon the use.. of 1oca1 1nd1v1dual pro— '
'f1c1ency examlnatlons, ‘for - example, some more. frequently admlnlstered '
: variant of -the Skill. Quallflcatlon Test. - This would seem to be the. sim—
:plest and most econom1cal program to’ adopt. Those who fail to demon—
.strate. proflclency can.receive refresher tra1n1ng tailored to their spe- -
cific needs. Those who retain thelr prof1c1ency can be freed for other
duties.

+8

25 -

3




// ' ' -

Ind1v1dual performance evaluations can provide other beneflts to’ the

1ndividual tralnee as well as to those 1n/superv1sory p051tlons.

For ex- -

ample, the Job Performance Evaluatlon program currently being developed
by American Telephone -and Telegraph Company (56) uses a unlformly applled

set of .

f,of work of 1nd1v1dual employees
is. belng held accountable for and-is told specifically how his performance

ey

P

SN

r_5:<::mpares with management's expectatlonsr
def1c1enc1es 1n performance and can modlfy thé dlrectlon and level of his

In addltlon,

{

The employee is lnformed exactly what he

As a result, the employee knows

J:

o superv1sors reCelvejgrec1se lnformatlon about the pro—
'duCthlty of individual subordinates by which they can (a) modify and

thereby improve training programs;
used to select and to promote employees, and (<) improve their own job

(b) increase the validity of procedures

"ﬁefformance by learning more about the progress of thelr subordlnates\as

!.,

well -as the progress of their work group as a whole.

/ .

" The.. assessment of American Telephone and Telegraph's evaluation

program is only ‘beginning:.
primarily upon anecdotal reports.

‘moraie.

Nevertheless,their prog am, ‘or one'llke it,

- The suécess of the program to date ‘is based

f improved employee product1v1ty ‘and
appears’ to be par-

*'tlcularly suited to many Army'requlrements 1n this area and deflnltely
warrants the Army's con51deratlon. ) . .

T
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