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" ABSTRACT R {

The feasibi]it} of training selected abilitiee so as to faci]itate

“I

transfer among tasks requ1r1ng these abiiities and thereby reduce
training time and increase personne1 f]ex1b111ty was 1nVest1gated
A:revjew of the literature relevant to ab111ty tra1n1ng and nonspec1f1c
tranéfer produced mixed support for ability training, and.on]y Jdndirect

support for nonspecific transfer “An experiment was conducted toAtra1n

-'th ab111t1es of f]ex1b111ty of closure and spat1a1 scann1ng for trans-

fer to an e]ectron1c trouble-shooting task.” While the spatial scanning

ability improved with training, f]exibi]ityuof closure did not, and

| no transfer of training occurred. A second exper1ment attempted to

i

train a.single ab1]1ty--spat1a1 v1sua11zat1on-—for transfer to two

different criterion tasks. No 1mprovement in spat1a1 v1sua11za41on

-as a result of training cou]d be 1nferred and no transfer of tra1n1ng/'

occurred The/1mp11cat1ons of these results are d1scussed in terms of o

/
alternative tra1n1ng strateg1es wh1ch m1ght increase the 1/ke11hood

-

of successfub ab111ty training and transfer. ST

a

b
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INTRODUCTION

~

P

Personnel tra1n1ng requirements in the Navy have a]tered con- :
s1derab1y in recent years, due to the 1mpact of a number of var1ab1es

Increased automat1on in. man machine systems has reduced the number of

l

personne1 mann1ng the systems, but enhanced the respons1b1]1ty of those

o —

/‘
personnel. Fewer b11]ets, smalier crew sizes, and the 1ncreased com-
/

plexity of Navy tasks have all affected the demands pJaced on a training.

o

program. S1mu1faneous1y tra1n1ng costs have 1ncreased reduc1ng the

cost- effect1veness of direct tra1n1ng for each of the varied and complex -

-

sk111s requ1red of the personne] ‘What .may be needed is training fo-

bt

cusSed on genera1 ability requirements of the jobs. Such a program would

1ncrease personne1 f1ex1b1]1ty since the trained ability wou1d app1y

~to a number of sk11]s and tasks

- —

The identification of general human abilities account1'ng for indi-
vidual d1fferences in cognitive, perceptua], and motor performance has
been the subject of extens1ve research (cf. F1e1shman, 1964, 1972;
French, Eckstrom & Pr1ce, 1963 Gu11ford 1967). As a resu1t of

these efforts, ab111t1es have been COnceptua11zed as broad capac1t1es

g

- underlying performance on a var1ety of human tasks (F1e1shman, 1967,

1972) Typically, abilities are 1dent1f1ed through correlational studies
of human performance, in which the fact of fndfvidua] differences is

exploited to gain insights about common processes required to perform

different groups of tasks. This is contrasted with skills, which define

levels of proficiency in a particular task. Clearly, 1f tra1n1ng a,

genera] ability 1ncreased the level of skill on severa1 tasks, then.



o

ability training would provide an extreme1y cost-effective alternative

to specific skill training.

The initial difficu1ty is to determfne whether of not it is pos-
s1b1e to modify or increase the level of a g1ven ab111ty possessed by
an-1nd1v1dua1 In the traditional conceptualization, abilities are
cons1dered to be -the product of ear1y 1earn1ng and(genet1c factors
(Ferguson, 1956 Gagne & Fleishman, 1959) and.the ability remains

relatively stab1e and unchang1ng in the adu1t (F1e1shman, 1972).  There

-]

is some evidence, however to 1nd1eate that ab111t1es can be modified
through appropr1ate exper1ence even 1n adu1t 1ife. For examp]e,'

. Br1nkmann (1966) provided extensqve/tra1n1ng in the behaviors thought
to be 1nvo1ved in spatial visualization ability (1 e. dgscrimination,
'recogn1t1on, organization, and orientation). He found that the trained
group 1mproved their performanee on-a spatial re1at1ons cr1ter1on test

to a significant degree, wh11e an untra1ned contro1 group did not.

improve.

-The potentia1 gains in terms of personnel f]exibi1ity and reduced
“training cost mandate exploratory investigation of the feas1b111ty of
ab111ty tra1n1ng As a f1rst step .in this investigation, an extens1ve

review or the re]evant ]1terature was conducted (Hogan, 1978). This

l ’ § - 2

rev1ew prov1ded the bases foran 1n1t1a1 experimental investigation, 1n _

wh1ch the/ab111t1es of spatial scanning and flexibility of c]osure were

systemat1ca1]y exam1ned both for increases in the ab111t1es as a result

of tra1n1ng, and for transfer of tra1n1ng to a cr1ter1on task requ1r1ng

o

those ab1]1t1es (Levine, Brah]ek E1swen & Fleishman, 1979)\\.A
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fo]]ow-up to th1s study emp]oyed a ref1ned design to—-investigate £Ee
potential for training spat1a1 visualization ability and obtaining trans-
fer to mu1t1p1e Cr1terlon tasks (Lev1ne, Schulman, Brahlek,- & Fleishman,
1980) Each of these three activities in the 1nvest1gat10n of ability

ﬁtra1n1ng 15\5ummar1zed be]ow fo]]owed By conclusions and implications

drawn from the 1nvest1gat1ons \‘ : ©
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* BACKGROUND
The research relevant to training and transfer of abilities.can be

considered in three major groupings: early laboratory research of

direct relevance; 1ater, more sophisticated laboratory research of less

A}

-import; and applied research. FEach of these research areas provides

us with clues regarding the potential traimability of abilities.

o

-

Early Research

;§0ne of the first attempts'to train an ability was conducted by -
William James (1890). He tried to improve a subject's memory ability
by training them to memdrize the poetry of one author,“and transferring
- them to memorization of a different author's verse. James obtained no

 positive transfer, and indeed his failure to use a tra1n1rg control

would have rendered the results d1ff1cu1t to evaluate in any case. =~ -

Several later attempts were apparent1y more successful, however.
Sleight (1911) reported work by Ebert and Meumann which employed a
variety of training materia]§Aand criteria, trained over a nine-month
period, and employed pretest eohtro]s. Their results ;howed a genera1
improvement in memory ability overall and indicated that the amount of |
improvement was genera11y proportional to the degree of s1m11ar1ty
between training task’ and criterion test. Others_ {Winch, 1910) ob~

. tained s1m11ar resu1ts, but methodo]og1ca1 problems such as 1nequa{:ty

of pre- and posttest conditions continued to p1ague the research.

Similar research interest carried over to the potential for train-
ing learning. Some speculation concerning the existence of a "g" or

general factor in intelligence sparked considerable research. The

¢ A EEES



‘conclusion of much of this research vas similar to tnat”basedon the
memory training research, however; little acceptable evidence for a
.l_general factor, and considerable evidence to suggest that similarity
'oetween training and‘crﬁterion was the prime determinant of transfers
The conclusion that specificity was an accurate assumption reduced
interest in nonspecific transfer. The-early research warned of some
.of the methodological pitfa]is in assessing‘nonspecific transfer, and
hinted at the 1mportance of varied training programs and the crucial
role of the nature of the criterion task in determ1n1ng transfer. How-

ever, little sc1ent1f1ca11y acceptable support for nonspecitic transfer '

was produced by this research.

Later.Research

]
i

, A]though 1nterest in nonspecific transfer per se waned as a resuIt
of the conc1us1on of spec1f1c1ty, later 1earn1ng research produced
results relevant to nonspec1f1c transfer. Two areas in part1quar are
of relevance: warmup effects and learning to learn. Warmup re;ers.to
‘tne fuct}that neutral activity prior to crfterion performance results
in better performance, wh11e learning to learn refers to the acqu1s1t1on

of 1earn1ng skills or sets through unrelated pract1ce

Warmup is a spec1a1 case of nonspecific transfer, since the. warms
up activity 1s neutral w1th respect to both the tra1n1ng and the
criterion mater1a1s Evidence suggests that the amount of warmup ac-;
t1v1ty and its temporal contiguity to the cr1ter1on test are both po§1-
t1ve1y related to amount of ‘transfer. The resu1t was orlg1na11y assumedx

to be due to activation of postural and oriéntation sets which facilitatedpﬁ

/




N R
" , N It
o . N

criterion performafice. More recent investigations haveiattributed'
warmup to the preparation of Performance sUPPOrt systegs}guch as at- -
tention and expectancy, thus facilitating performance. Inleither case,
_the temporal re]at1onsh1p is cr1t1ca1, and warmup effects w111 tend to

\

dissipate quirkly. : . \;

Learn1ng to learn effects, on the other hand, tend to be more endur—
ing. Learn1ng to 1earn occurs when training on a task unrelated to the
criterion results in improved performance. The implication is that sup—
- jects do not acqu1re skills .directly re]ated to criterion performance, ‘\
instead they-acquure_strateg1es or learning skills useful in so]ving

~even unrelated problems. The potential relevance to ability training . N
d4s clear. S c | o N
Learning'to learn phenomena are not the‘only instance in which’
pos1t1ve transfer. Edmonds and Evans (1966) demonstrated that training

in a visual pattern recogn{tion-task facilitated transfer to a memory
‘reproduction task, if the visual patterns contained some- redundancy No
transfer occurred when random visual patterns were used in tra1n1ng

The strategy emp]oyed:to perceive and remember redundant‘patterns ap-
peared to be helpful, therefore, in the performance of the memory re-

production task.

M

In summary, while little research has been conducted to examine

""spec1f1ca]1y the conditions of nonspecific transfer, some support for

nonspecific transfer may be inferred from a variety of phenomena. These
/”.

include warmup and learning to learn, as well as the general phenomenon -



'Applied Research

i

of deve]op1ng a strategy in one- 1earn1ng situation which fac111tates

'
1

performance in another

o

It m1ght be expecced that the potential for nonspec1f1c transfer
of training would have been thorough1y examined by applied researchers,
ince its potent1a1 value is clear. Here, too, however, mich of‘;he,
evﬁdence'about nonspecific transfer is inferentia] in nature. For -

exanmple, when s1mu1at1on devices are employed in training, it is assumed

~ that higher f1de]1ty (i. e., greater specificity) will result Hn greater

transfer to on-the-job performance. Contrad1ctory evidence exists, how-

2

ever. Vdss~(1969) showed that p11ot tra1n1ng with a physically similar

device produced no better transfer than training in reduced conditions.

It has been suggested (;neaton, Rose, Fingerman, Korotkin, & Holding,
1974) that transfer can be obtained from training in devices lacking

in physical similarity, if there is sufficient task fidelity.

Educational researchers have attemp*ed to train genera] ab111t1es
such as or1g1na11ty and creat1v1ty, as we11 as cogn1t1ve ab111t1es
For example, Maltzman (19€0) reviewed a programmat1c attempt at origi-
nality trainfng. Typically, subjects were trainedfto prbduce different

responses to the same stimulus word. FaciTitation of originality

.occurred as a result at this training, and persisted for as long as two

days. "~ Similarly, some success has' been obtained in training creativity

(Parnes & Noller, 1972). Attempts to train cognitive abilities in pre-

“school chiidren have been made, but are impossib]e to eua1uate due to

inadequate experimenta] control. Indéed, this cr1t7c1sm app11ed to much

-

of the educational research on ability tra1n1ng

7 1.
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No d1rect support of sc1ent1f1c adequacy appears to ex1st for the

notion of nonspecific transfer.- There are, however, tanta11z1ng hints

ff\\\\\suggestlng that - such_ transfer is poss1b1e Phenomena such as warmup

and 1earn1ng to ]earn may be considered special 1nstances of nonspecific
transfer Mcreover, training may result in the deve]opment of a mediating
strategy wh1ch proves useful in a. var1ety of unrelated tasks Suggestions///\

/f pos1t1ve transfer from general s1mu1at1on devices also quest1on the
~

need for spec1f1c1ty ﬂn/tra1n1ng, and ev1dence favor1ng genera1 ab111ty

\ -

tra1n1ng may be” 1nferred caut1ous1y from educat1onal research. It is

_c1ear that to understand transfer, task requ1rements and “learner- strate-

E

g1es must be cons1dered, as we]] as 1earner ab111t1es Moreover, it.

"*»appears ‘that. task character1st1cs are more important. than tra1n1ng

| .
materials per se‘1n fac111tat1ng transfer, and var1ab1lqty of training

1

within a class of response types increases the likelihood of transfer.
\ \

Such evidence supports and encourages a systematic attempt at general

|
ab111ty training.:
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. STUDY 1
¥

., / L
Based-on the review of the literature on nonspecific transfer, a

careful study of the feas1b111ty of tra1n1ng se]ected/ab111t1es for

-
~

transfer to Navy tasks was undertaken {7

,.

The abi]ities se]ected for training were: (1)-f1exibi1ity of closure,

/ /

defined as the ab111ty to identify or detect a known pattern which is

- s
h1dden in background material, and (2) spatial scanning,. def1ned as speed
in exploring visually a w1de'or compJ1cated visual field to detect or

identify objects. The Kit of Factor-Referenced Cognitive Tests provides

e

the "H1dden Patterns Test" for f]ex1b111ty of c1osure, and "Choos1ng a

Path" for spatial scann1ng, as tests of the level of these ab111t1es

: Severalccrlteria were used for the selection of training materials.
They needed to be diverse and varied; allowing the subject toAdeve]op
appropriate strateg1es in a variety of contexts. They had to be diffi-
cult enough to cha11enge subJects so that 1earn1ng could take place. They

' had to be as dissimilar as possible from the cr1ter1on task, while still™
e
requiring the same ab111t1es, so that nonspec1f1c transfer m1ght be

.

eva1uated Finally, they had to be easy to administer and provide bu11t—
in feedback The tra1n1ng paradngm cons1sted of structured practice with
nine se1f administered penc11 and paper tests selected on the above

cr1ter1a 'Six of these tasks 1nvo1ved f1ex1b1]1ty of c]osure, the other

. three involved spatial scanning. -The nine tasks const1tut1ng the/tra1n-.
e . i ‘ .,

1
\

ing program are listed below:

1



. was embedded. The task was to v1sua11y Sear

.....

Subgects were presented with a“ series of five geometr1c
figures and a.complex design in which one of the figures
,ﬂph the design

and identify which figure was contained w1th1n it, at the

same time outlining the embedded figure.

Tasklé -- "Copying" (flexibility of closure) 4

In this tesk subjects copied e series of asymmetrical line
drawings, composed of connecting 1ihe segments, onto grids
fqrmed of dots. Subjects' drawings had to.be in the exact

proportions and positions as the originals.

Task 3 -- "Puzzles" (spatial scanning). ' ' N

Subjects were to solve line d1agram puzz1es by trac1ng over/

all the 11nes of the diagram w1th a continuous line (1. e.3 ;

w1thout tracing any: ]1ne tw1ce)

Task 4 -- "Hidden Letters" (flexibility of closure)’

This task required subjects to search for capital letters

- outlined 1nﬂdots_and surrounded by random dptfpatterns.

Task 5 -- "Inspection". (flexibility of clasure)
Subjects visually searched graphic designs for irregular

lines, i.e., lines with breaks.

“Task 6 -~ "Embedded Figures" (flexibility of closure)

The task was to Jocate a part1cu1ar f1gure wn1ch could

be’ h1dden within any of four patterns



e Task 7 -- "Map Planning" (spatial scanning)
. The task was to identify the shortest route between two

" locations on a schematized map.

o .Task 8 -- "Mazes" (spatial scanning)
/

The task was to solve a series of mazes by trac1ng a path

from the start1ng point to the goal. ,ﬁ‘ ‘.' {

S~

’

. Task 9 -- "Altair Designs" (flexibility of c1osure)
SubJects were presented with computer-generated graph1cs )
and were to ]ocate specific des1gns hidden w1th1n the

overall des1gns.

The criterion:or transfer task was an electronic troub1eshooting'task.
'th consisted of a series ef problems in which subjects were required to
locate ma]funct1ons in d1agrams of e]ectr1c circuits. A d1g1ta1 lTogic

| c1rcu1t was emp1oyed, in which one ‘au]ty wire was 1dent1f1ed The
subJect S task was to find that wire by 1nsert1ng a hypothet1ca1 probe

- (a "light bulb”) at various locations (sockets) and depressing'the ap-
_brbpriate switches to turn the light on. If the 11ght went-on, that part
of the c1rcu1t was not faulty and the subject had to check the rest of

the circuifs. 1If it failed to go on, additional tests.were required in ;

that part of the circuit. FEach test ideally divided the number of po- "

'4tentia1 break 1ocations in half (see Figure 1}. Four separate conf1gura-
t1ons w1th three levels of difficulty for each conf1gurat1on were employed.
Th1s task had prev1ous1y been shown to load heav11y on the ab111t1es of
'f]ex1b111ty of_closure and spatial scarning (Rose, F1ngerman, Wheaton,

f
o~

Eisner, & Kramer, 1974). B T

11

2
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Figufe 1. Examp]e ‘of troub]eshoot1ng probfem at s1mp1est Tevel of probTem difficulty.

(C1rc1es A-P represent 1ight sockets--i.e., locations where subJect can placs
o “probe. ' Humbered stars are potent1a1 breakpoints. ) ,’ g




.ExperimentaT_Design and Procedures

A number of methodologicai issues had to be c0nsidered When'de-

d

ﬂsigning this study. It was,/of course, necessary to prov1de a compar1—

/
son between an experimental group receiving ab111ty tra1n1ng and a

control group receiving none. Moreover, a pretest/posttest des1gn was

“necessary to assess transfer from training to the criterion task. How-

- ever, since‘the pretest itself might serve as a form of practice, addi-

tional groups of‘subjects who received no pretest were required so that

any effect could be unambiguously attributed to the training regimen..
: {

These cons1derat1ons led to a design emp10y1ng f1ve groups of sub-
Jects E1, who received the following sequence--pretest, ability
test, training, ability test, and posttest. E, received the same se-

quence without the pretest...The—C1“contro] group was identical to E1

‘except no ability tests-or training Qere‘administered; and C, was

identical to E, except without abi]ity tests or abi]ity training. A

:finaT contro] group, C3, rece1ved on1y the ab111ty tests, . spaced by a

. period equ1va]ent to the.training per1od Th1s control group rece1ved

no pre- or posttest andano training. Table 1 prov1des a graphwc repre- -

‘sentation of'this'design. The. design allowed the_two key questions to

- be addressed; i.e., were the abi]ities trained, ahd did transfer ocour?

<

Within this des1gn, subJects were random]y assigned to oné of the
five groups and pa#?1c1pated in one exper1menta1 sess1on per day, for

up to five days On the first day, the pretest on the troubleshooting

task was introduced and administered. Days two, three, and four consti=

“tuted the training phase of the study, in a single five-hour session each

13
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TABLE 1
1 T , , Experimental Design
U - .Day 1 Days 2-4 f\[ Day,S. L
Group : . Pretest ' Tﬂain o Posttest oo
T - 1 ] : ]
E1 S A T1‘ Té A (15)“
¢, A X B A C(10)
E, ~\x BT, A L18)
\ ' ' ,
02: ; >\ X _ A - (10)
1 |
oC3 . T.I X T2 ,' . (10)
/ \5 i A
. 3
\ 5 E -
g
X = No Activity .
A = Criterion Task
B = Training Tasks i
T = Test of Abilities | . //
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day. The training was preceded and fo]]owed‘by/the abﬁ]ity tests On
the fifth day, the posttest ‘on the troub]eshoot]ng task was adm1n1stered

Th1s test consisted of 18 prob]ems varying in form and d1ff1cu1ty, and

!

different from the prob]ems presented on the pretest This procedure

was ‘modified as necessary to fit the des1gn requ1rements for each groupq\

i

o

Resu]ts and Conclusions - .i

///Analyses were condJcted on the ab111ty test scores ‘and the troub]e- :
/
shoot1ng test . The four performance ‘measures coT]ected on the trouble-

shoot1ng task were' (1) accuracy, (2) number of tests to solution, (3)

time to solution, and (%) number of erroneous tests. ' :\a

e T

The ana]yses of the ab\11ty test} 1n<o1ved compar1son of the tra1ned

~/

groups (E and

) torthe approprlatp control (C ) to eva1uate change iny

-ability as a flndtion of tra1n1ng For the spatial scanning test, both

Ej and‘E2 S o'ed }gn1f1cant\nmprovement wh11e C3/Showed no improvement,
indicating that the\: at1a1 scann1ng ab111ty had been successfu11y trained.
On the flexibility o c]osure test E] and Eo .again improved s1gn1f1cant1y,

but so did C3, so the cQjange in ab111ty could- not be unamb1guous1y attri-
AN o C

" buted to training. ‘\\\\\
N

T

To evaluate transfer, .a mixed design analysis of variance was con- "
. /'I . . \, N
ducted:on troubleshooting scores; using groups}as a between subJects

var1ab1e, and trial blocks and prob1em d1ff1cu1ty as within-subjects.

variables. Time to so]ut1on was the only measure of . troub]eshoot1ng per-

' formance which d1fferent1ated among groups. The analysis indicated that

there was no difference between trained and untrained groups‘(i;e.,°E]

"~ and E2 equafed C] and C2)° Rather, the presence of the pretest affected

o

15
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posttest performance (i.e., E] and C1 were faster than E, and C2)° In
addftion, groups interacted with problem difficu]t&w such that E] was

faster than'Eé at all levels of difficuity, whereas C, was faster than
C2 only on -the most difficu]t prob1emsl These-resuﬂts lend no support

to the hypothesis that ability training will transfer to a d1ss1m11ar'

.——

criterion task. c T m\\\\\\‘

In an effort to d1scern whether the impact of tFaTﬁTﬁg\upon transfer

S
is a, function of initial ab111ty level, an analysis of covariance was

 —

carried out w1th 1n1t1a1 pretest scores as the covariate for groups E1

and C No s1gn1f1cant d1fferences emerged Since training might be

1

—

effective only for subjects starting out w1th;a low level of the abilities

”being trained, an analysis of covariance was carried out using only the

- five highest scoring and f1ve 1owest scoring subjects for each ab111ty
test. Again, no s1gn1f1cant d1fferences were obta1ned - Overall, transfer
ranged from -3 4% to -14.3% on the different measures, and no evidence

supported the suggestion of enhanced transfer as a function of tra1n1ng

Several conclusions may be drawn from this Study. The tra1n1ng reg1-

men did improve spatiai s ann1ng ‘'scores, and wh1]e we cannot conc]ude
\

that tra1n1ng 1mproved f1ex1b111ty of ‘closure, it is possible. Th1s is

so, due to the nature of the ab111Xy tests employed The H1dden Patterns'

Test, though a valid and reliable” measure of flexibility of c1osure was
'so s1mp1e that there were few wrong answers, -1The simplicity of th]S test
suggests that tra1n1ng m1ght well have been effective, but the test was

simply not senswt1ve enough to detect the 1mprovement Still the results

for training abilities are re1at1ve1y encourag1ng

-

T |
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were not logistical,

" transfer from ab111ty tra1n1ng. N

Th1s is even more\encourag1ng when the number Pf potent1a11y 1mportant\
var1ab]e5’regard1ng the tra1n1ng regimen are cons1dered Three five-hour
sessions of mas ed, se]f—paced pract1ce with feedback were emp]oyed in the

present study. ore exteAs1ve or d1str1buted pract1 e might well 1ncrease

ab111ty 1mprovement¥as a resu1t of training, though these a]ternat1ves

y feas1b1e in the current study S1m11ar1y, it was

‘decided to use tasks requ1r1ng the ab111ty in question\as tra1n1ng ma-

\ter1a1s, it might be that a training trogram developed aYound the spec1f1o

hehav1ors requ1red in the cr1ter1on task wou1d be more ef ect1ve
\ con \ .

\ There is Iess enCouragement rfgard1ng ihe poss1b111ty\of nonspecific -

\

©

one of the| analyses performed offers
suppo}t for such transfer. This 1s conAus1n » Ssince at 1east ‘one ab111tv—-
spatial scann1ng-—was successfu]]y tra1ned i lone poss1b1e exp1anat1on

Ties in the ability structure required to per rm the criterion task; al-
though the abilities trained in ‘this tas% account for the largEst”sing1e
portion of #ariance in the troub1eshootinb task, over\ 70% of‘the va;iance

: \
in performance is still unaccounted for (cf. Rose,aet.a1., 1974).

, l

. Overall, these resu]ts'shggested further investtgation}rrefined somewhat

by the findings of this initial study. Ny

.

\

\

\

\
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STUDY II

o

'The results of an initial attempt to train the abilities of flexi-
bility of closure and spatial:scanning for transfer to an electronic
troubleshooting task were mixed,“but provided modest encouragement. Some
evidence for trainability of abilities had been produced, and a1though
this training did not transfer to the cr1ter1on task, a more "sens1t1ve“

- cr1ter1on task or tasks m1ght easily demonstrate such transfer (cf
Levine, Brahlek, E1sner & F1e1shman, 1979). A second study was therefore
conducted, employing essent1a11y the same methodology as the first, but

mod1f1ed to take advantage of the kncowledge acquired in the<first-study

For this study, the ab111ty of spat1a1 v1sua11zat1on was chosen as
the subJect for tra1n1ng Spat1a1 v1sua11zat1on requires representat1on
of visual st1mu11 1n\short term memory, and requvres that, in add1tion,

" the representataon be restructured into components /for manipulation and
comparison. ‘ It is thus distinct from sbatﬁa] ori. tation, wh1ch requires

only a transformat1on of the represented st1mu1us conf1gurat1on

A principal d1ffe|ence in this 1nvest1gat1on was ‘that two transfer -
tasks were chosen, o} that the effect of d1ffErent 1evels of 1nv01vement
.of the ab111ty in the cr1ter1on tasks cou]d be exam1ned, and the- 1ssue of ,
genera11zab111ty of transfer could be addressed. - The transfer tasks weref

(1) Assembly, obta1ned from the Flanagan Aptitude C]ass1f1cat1on Tests

In th1s task, sub*ects are given a diagram of an array of mach1nery type
parts, 1abe]ed to indicate how they fit together, and are requ1red to _
v1sua11ze the assembled product and select it from five presented a1terna-

tives; and (2) Des1gns, deve1oped for this study by ARRQO staff. In th1s



task, subjects are presented with a:4 x 4 matrix of red and white squares
and triangles, and.are required to reproduce the “flipped" (i.e., turned
“end over end) version of each design. An independent analysis of the
contribution of sevehdpenceptualdebitities toﬂperfo}mance on this task

-

indicated substantial contfibution by spatial visua]izatﬁon, a iesser
contribution by perceptual speed, and no other significantly involved
abilities. ' .

The ab111ty test chosen for this study was the "Surface Deve]opment"

test from the Kit of Factor- Referenced Cogn1t1ve Tests.: This test is

speeded with scores adJusted for guessing. In add1t1on, the task is
d1ff1cu1t enough to hope to avoid the .problems evident with the ab111ty
test for flex1b111ty§of c1osure in the prev1ous study

Jhe training mater1a1s consisted of nine tasks invdiving spatial

]

visualization:

e Task 1 -- "Copying”
In this task subjects copied a series of asymmetrical line
drawings onto graph-paper grids. Subjects’ dhawings had to

- be in the exact proportions and pos1t1ons as the or1g1nals

®- Task 2 -- "Paperwork"
For each item, successive drawings i]]hstrated two or three
"folds made in a square sheet of paper. The final drawing
of the folged peﬁer showed where a hole was punched in it.
. The subject drew Sules in a blank square to represent where

. the punched holes would be when the paper was untoned.

N

o,



-

.
//,//1’ |

- Subjects were pfovided wi'th paper and ho]? punches with

which they were to check their answers. . <

Task 3 - "Puzzles" '
.This task consisted of four different préb]ems, each with
its own 1nstruct1ons and each requ1r1ng a d1fferent type of
so1ut1on ) In general, the problems requ1red subjects to
menta]]y rearrange objects into different patterns or to
menta11y rotate two-dimensional drawings in order to arrive

at a so]ﬁtion.

&

- Problem Nb. 1 was a figure made up of eight squdres. The
task was to fill the squares/With the numbers one through

eight so that no two consecutive numbers were adjacent

horizontally, vertically, or d1agona1]y

- Prob]em No 2 was a schemat1c representat1on of a plot
of land containing 12 houses. SubJects were to divide
it into six plots of the same size and shape, and each

\ containfng two -houses, by drawing.only four lines.

- Prdb]em No. 3 presented subjects with a drawing of four
pieces of chain, each containing three links. The task

was to make a c1osed loop by opening and re- attach1ng

on1y three links.

- In ProB]em No. 4, subjects were shown three two-dimen-
sional sketches of rectangular so1ids'composed of cubes.

They were to imagine that' a hole had been drilled

20
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d1ag?na11y from one corner t@ another and then were to
B *\\‘_f’ 1nd1cate which cubes the drill passed through. .
~ -

original unrotated pattern.

e Task 4 -- “Formboard" .

In th1s task, subjects viewed p1ctures of geometr1c shapes c

wh1ch had been cut into p1eces, and were to 1ma91ne ‘how the
/

pieces would f1t together to form the or1g1na1 shape. Each

prob]em conta1ned two f1gures—~one represent1ng the original

shape, and the other, the shape after 1t~had been cut. Sub-

jects were 1nstructed to carefu]]y study the outline shape

‘_and ‘the pieces, then mentally rotate and repos1t1on the ;

pieces w1th1n the outline until they cou]d determine how !
— N !

the p1eces fit together.

Task 5 -- "Pattern Orientation" »
Subjects located a given pattern of circ]es within a large
circle which (the pattern) had been rotated from its or1g1—

na] p051t1on g SubJects then determ1ned which of several

' po1nts within the ]arge circle had the same spatial re]a--

tionship to. the pattern as a particular point did to the

o

Task & ;A/"Upside Down Copying" S .

ThiS/task was similar to Task 1, except that subjects were

to copy patterns as they would appear if turned upside'

~ down.

21
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Task 7" -- "Stick Prob]ems" o

B Groups of "st1cks“ were laid out to form patterns comprised

: of squares (p1ctor1a1 representation). ‘In"part I of this

» task, subJects were to remove a spec1f1ed number of st1cks

”qn such.a manner that a specified number of squares re-

A

" mained, In part II, subjects'were'instrUcted to move a

certain number of sticks into new positions so that a

certa1n number of squares resa]ted

Task 8 -- "Thinking in Three: D1mens1ons"

-

i D1meﬂs1on, shape, and surface and interior colors of geo-

< form squares. SubJects were nresented with a series of K

" answer questions about the number and colbrs of the re- 1

. metric shapes cou]d be d1ssected and then reassemb1ed to p!

metr1c solids were described to subjects.‘ Var1ous cutt1ng

h
man1pu]at1ons were then: descr1bed and subJects were to i

: /

su1t1ng pieces. /oo E 3\_
1

/

Task 9 --'"On the Square"

paper shapes, each of which was constructed fhom pieces of

a square. The task was to cut each*shape into as few

p1eces as necessary, then reassemb]e the p1eces into-a

~.square The resu]t1ng pieces would form a. square on]y

if the shape had. been ‘cut in a certdin pattern.

22
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Design and Procedure -

The des1gn of th1s study emp1oyed essent1a11y the same 1oq1c as
tne first. An exper1menta1 group (E ) received a pretest on_the cri-
‘terion task, a pre-tra1n1ng ability test, training, a post-training
ability test, and finally the post-training criterion task. The effect
of . training on cr1ter1on performance was assesced by compariscn. w1th
a control group (C ) which received on1y the pretest and posttest on
the criterion task. The:effect of pretestjng_in biasing posttest per-.
formance on the criterion was eontro11ed by the presence of a second
exper1menta1 group (E2) wh1ch/was 1dent1ca1 to E1, except no pretest
on the cr1ter1on task was g1ven F1na11y, the effect-of training on
ab111ty 1eve1 was assessed by compar1ng the experimental groups to a
secondlcontro1 group (C ) which received only the ab111ty tests, with

i/
no‘tra1n1ng or cr1ter1on task testing. A -

Some_differences'between this study and the initial one are'ap-
parent, however. In tﬁe present study, only a singIe ability was

tralnedj’sp “the practice is more extensive than for either ability in

pupent e

€3

 the initial study. Two cr1ter1on tasks were emp]oyed, allowing quest1ons .

of the genera]izaba11ty of transfer to be addressed. The design al-
lowed for a substantial increase in the number of subjects per group.

. Finally, a second transfer posttest nas.administered td SOme.members of
Groups E1 and.C1, nearly three months~aﬁterwtne training period. |
.This addition-a11owed the examinatfon'of long-term impact of training

.'on performanCe. The design for this study is depicted in Table 2.



. TABLE 2

Experimental Design

Day 1 - . Days 2-4 . Day 5 'Day. 85*

_ Group N Pretests - Train - Posttests Posttests:
el 20 A - Ty BT, A A
. ) f
- , .. i A ’ /
! . : i/
{ [ 2. A X A A |
E, J200 X Ty BT, A
C, 20 ¢ | °;_ ST X Ty g
./// /
y .
|
. :
!
!
4
X = No Activity : _ . .
g A = Transfer Tasks (Designs and Assembly) - | '
- B = Training Tqéks
T = Test of Ability o | h e

*
1]

Only 9 of 20 subjects in E1 and C1 returned for testing:
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\\\\ . The procedure. for th1s study was a]so s1m11ar to that of the 1n1t1a1
| | study, with some mod1f1cat1ons v Since two criterion tasks were emp]oyed

. the pre- and post- tra1n1ng test sessions were s]1ght1y longer and re-

\ qu1red that the order in which the cr1ter1on tasks were given be counter-.

\

‘p r day, with no repet1t1ons, and only a single ab111ty test was admin-
1s te ed before and after tra1n1ng Beczause of this, the training sessions

1anced across groups The nine tra1n1ng tasks were administered three .

wene spmewhat shorter..’ .
\ \ . A ' ’

\ = / N

\SubJects in group E] part1c1pated in groups of f1ve On Day 1 they

N
—

rece§ved the two cr1ter1on task pretests in counterba?anced order Qn

f\.rr Day 2\\hey received the ab:]1ty test, followed by se]f paced tra1n1ng |

\ ‘on Tasﬁs 1-3 On Day 3 they rece1ved tra1n1ng on Tasks % 6, and on Day 4

\\\ training on Tasks 7- 9, fo]]owed by the ability test aga1n\ On Day 5 and

\\on Day 85 they received the two criterion tasks in counterba]anced order

Group E2 Vollowed a similar procedure, except the Day 1 pretest ana the
Day 85 posttest Group C] rece1ved the Day 1 pretest Day 5 posttest, and v
Day 85 posttest and Group 02 rece1ved on]y the Day 2 and Day 4 a 111ty //

tests. I o o SR |

Results and Conc]usions. ' o f

In order to determ1ne whether spatial visualization’ 1mproved ith

\

tra1n1ng, changes in. ab111ty test scores for Groups E] and E2 were com-
~ pared to those of the untrained.control Group C2' A1l groups\sho ed some
‘ improyement in ‘'scores, but none of the improvements were statistﬁca11y_

N

significant. , _— : W\

v
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. )
For both'transfer tasks, time to'so1ution was the only reliable per-
formance measure. For the Assemb]y task, a groups X order x trial blocks

ana]ys1s of variance carried out on the exper1menta1 groups revealed no

©

1nteract1on_1nd1cat1ng that Group E2 took 1onger than E1 to solve prob]ems
in the final b]ock" No other effect of_the pretest on transfer was ap-
parent. In order to assess whether training had any_ effect on transfer,
an anaLys1s of covar1ance was carried out on Groups E] and CI’ us1ng pre-
//test scores as - -the covariate. No group effects were apparent in th1s'
ana1y51s . S1m11ar1y, no group d1fferences 1n Tong- term retent1on between

Groups E] and C1 were revea1ed

/' e S

-A para’Te] set of ana]yses was carr1ed out on the Des1gns test. The
ana]ys1s of variance concerned the variables of groups, order, trial
blocks, and problem d1ff1cu1ty The only group effect to emerge in th1s

' analysis was the group X d1ff1cu1ty 1nteract1on, 1nd1cat1ng that Group E2,
with no pretest exper1ence wyth the Designs ask took 1onger to solve

more difficult problems. Both the covariahce ana]ys1s and the retention

analysis revealed no significant. group differences.

;-This study provided no euidence that spatiafivisua1fzation could be
trained. However, prev1ous attempts at tra1n1ng spatial visualization
had met w1th at least mixed success (Br1nkmann, 1966), so it may be |
1mportant to examine different -training methods. -Simi]ar]y, no evidence

- for transfer of tra1n1ng emerged w1th either cr1ter1on task in spite of

the fact that spatial v1sua11zat1on was near]y the only ab111ty required

to perform the tasks. ' Many alternat1ve strateg1es exist which might

A
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y .
potentially succeed iin tra1n1ng an ab111ty and t>ansferr1rg to a d1ss1m11ar,

o \

'cr1ter1on task, ‘but pract1ca1 11m1tat1ons prec]uded\znvest1gat1on of a11

'a]ternat1ves The amount and type of training needed\to 1mprove spat ial

v1sua]1zat1on is an emp1r1ca1 1ssue which has not yet been addressed

A\
1

] e
L0m \
A N
iy .
\, - o
\
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CONCLUSIONS

In th1s project we were concerned with 1n1t1a] evaluation of the
potent1a] for tra1n1ng genera] human ab111t1es to transfer to a var1ety
:_*of Navy-type tasks. A literature rev1ew concluded that no d1rect
,ev1dence ex1sted regard1ng the potent1a1 for ab111ty tra1n1ng, but
_ that 1nd1rect ev1dence from nonspec1.1c transfer researc“ prov1ded
some, a1be1t mixed, support for the poss1b111ty - An exper1ment was
conducteJ to train the ab111t1es of spatial scann1ng and f]ex1b111ty
of c1osure for transfer to an e1ectron1c troub]eshoot1ng task Only
the spat1a1 scann1ng ability 1mproved through training, and no transfer L
to the troub]eshoot1ng task occurred ‘A second study trg1ned a s1ng]e‘
abiTity--spatial visua1ization—5for transfer to twofcrilerion tasks:'f
In this study there was no_evidence;for‘abi1ity improvement’and no

- transfer of training.

It appears that the cr1t1ca1 issue.is ab111ty training, for trans-
" fer cannot be evaluated until tra1n1ng can be shown to be effective.
The current project successfuT]y tra1ned one of the three ‘abilities
attempted wh1ch suggests that it is, in fact, poss1b1e The number
of factors affect1ng tra1n1ng effect1veness is large, hohever For
examp]e, the current study used 12-15 hours of practice, M 5 hours )
per day on three consecut1ve days. It may we]] be that 1onger pract1ce,
or more d1str1buted pract1ce wou]d have resulted in greater improve-
- ment. Such var1at1ons were not feas1b1e within the scope of the

current proaett

28




SecondTy, the type of training may be critica1. The current project.
emp1oyed structured practice with tasks known to requ1re the db111ty
in quest1on ~ While th1s is a feasible approach, it seems poss1b1e that
subjects are unfocused and have an inadequate concept of their learning
goal. S1nce the training tasks typ1ca11y requ1re more than Just the’
Aab111ty in quest1on for performance, this form of tra1n1ng may become

&

too d1ffuse to be effect1ve

Another quest1on ra1sed by the current resu1ts is the poss1b111ty
that some abilities ‘are s1mp]y ore amenable to tra1n1ng than others
S1nce spat1a1 scanning was trained, it 1s premature»to conc1ude that
ab111ty ‘training per se is impossible. Rather it becomes a quest1on

of‘examining several abi]ities for tra1nab111ty. In addition, severa1v
variations of training programs shou1dobe'emp1oyed; since it seems ﬁ
reasonab]e to sugqest that d1fferent tra1n1nd ren1mens may be more
.effective with different: abilities. While resu1ts of the current
DPOJEét showed no d1fferences in tra1nab111ty as a result of the

' :1n1t1a1 ab111ty level of the-subject, the nature of the ab111ty:1tse1f‘

'-h may ause it to interact differently with different training proqrams.

One ‘potentially.- 1mportant.source_of a1ternat1ve training strateg1es

" _comes. from current cogn1t1ve psychological research, which has tended

to break down ab111t1es 1nto the component 1nformat1on processing

operat1ons needed for. performance For example, Just and Carpenter

(1976) recorded eye movements during’ performance of a spat1a1 v1sua11-'

o

zat1on task, and were ab]e to discern three processes occurring in

this task. They 1abe1ed these processes “search " "transform,“ and

- R

t
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o "cOnfirm " These processes can be supported both by the eye movement

data and through 1ndependent react1on “time data

I o

It seems possib]e'that training aimed at improving the applica-
tion of these component processes -might very well result in improved

overall ability level as well as transfer to a criterion task. Indeed,

S

Brinkmann's (1966) re]ative]y_succéssfu] attempt to train spatial

2

ab111t1es focused on components such as orientation, d1scr1m1nat1on,

.cf

etch This does not- so]ve “all the d1ff1cu1t1es however. Specifying

the\appropr1ate_components for training and an appropr1ate training
[ . . . . o _
régimen are still necessary. While the current project provides

sbme_answers, many questions remain to be dealt with before the question
of tHe potentja] for training, general human abilities may be satjsfactori]y

3 ‘ -

answered.
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