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ABSTRACT

Ezperiment!I”fZEEarch on the environmental conditions .
that promote generati/e/language learning is reviewed. Fecombinative
generalization is i#ntroduced as a process that enables individuals to
express and tc comprehend novel utterances. This review focuses oOn '

/ the use of a miniature linguistig system paradigm tc explcre how .
recomtinative generalization can be efficiently estaktlished. How the
necessary stimulus conditions vary depending upon the linguistic
repertoires of individuals are discussed. Examples ¢f learners who
‘have n¢ knowledge, partial knowledge, and near complete knowledge of
“the lexical constituents included in language systems are used to
i{llustrate differences in the necessary conditions that can yield
generative language learning. Also mentioned are isplications for
tinderstanding normal language acquisition and for develcping
efficient language interventidén prcgrams. (Aut
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Experiméntal research on.the environmental conditions that promote

génerétive language learning is reviewed. Recombinative generalization is

N

~°1ntroduced as a prqcess that enables individuqié to express and to compre-

hend novel utterances. This review focuses on the use of a miniature

linguistic system paradigm to explore how recomginathe genéralizatioﬁbcan
]
be efficiently established. How the necessary stimulus conditions vary

depending upon the linguistic repertoires of individuals who are learning a

new syntactic counstiruction are discussed. Examples of learners who have no
¢ E

A

knduledge, partial knowledge, and near completeiknowledge of the lexical

constituents included in language systems are used- to illustrate differences .
in thé necessary conditions that can yield generative language learning.

- . ’ )
Also mentioned are implications for understanding normal language acquisi-

tion and for developing efficient language intervention programs.
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I will be discussing some of the experimentalﬁevidence that supports .
the claim that systemaJic environmental input can account for the acquisi-

tion of generative 1angdage repertoires.‘ Much of 'this research has employed
Al ‘ »
finiature linguistic systems (see Wetherby;  1978), hereafter referred-to as
1
MLS. The MLS has provided a convenient way to systematically investigate

functional relationships between environmental conditions and developing ,

'

e - . b
language, and it has proven particularly useful for conceptualizing the \

conditions rgsponsible for'generatiGe 1an<nage user; By generativeqlanguage, (
I am referring to indivf&uals ability to express and to comprehend novel or
untraiﬂgd ut terances. Firsg, 1 would like to disduss generalization within
‘a MLS context and describe\;hat may be the principal process responsible for .

-

the development of generative language. After I describe this process,

¥ -

which I will ca11 recombinativeﬂfeneralization, I will summarize some data

¢

©

and offer some speculations on the stimulus conditions that yield recombinnr
‘- -
tive generalizatfon. We'will see thdat the stimulus”conditions’that are

. .
r € -

necessary for the'occurrence of recombinative generalization vary depending

upon the linguistic repertoire of the individual who is l;zrning'a new

. b

syntactic construction.

"

-/-\\ ‘ ; v‘\i.; )
7 - Insert Figure 1 About Here

v

' . [ N -
\ ’ . O ," .
Figure 1 depicts a basic MLS, which was taught to a number of pre-
. ’ o . .

schoolers. f@ppets were presented by moving them across a stage‘according

P




.Recombinative Generalization : . 3
& » '

to éhe particular actipn‘pa}terns shown. This matrix consists of cqmbipa;
tions of four agent stimuli (rows) and fgur action“stimuli (columns). .
ﬁotice that the reﬂb;nse words a;e eight nonsense words. These words are
combined into two-word utterances accofding‘to a particulér word order ruaﬁ{ﬁ‘
The rule may.be itpted as follows: éh; ¥irst wﬁrd ref;rs to the aéegi and
the second word refers to the agtion. Of course, one'cén easily generate

similar MiSs with other referential stimuli that combine sti&hlus combénents
’ ' - >

such as colors, sizes, shapes, locations, and spatial prepositions. Also, )

we could use English or,fcreign/aanguage words and rule igstems. p

In one of thé first experimental analyses of verbal behavior, Esper

(1925) taught a ‘similar 4 x 4 MLS to adults. Subjects were first.fgﬁght to -
. : . s

labe1'14)colored Qhapes.-‘After they qouiﬂ label 14 of 16 stimuli without

v - . )

“error, the two untrained stimuli were slipped in, which Bsrjects were then
, : !

able to label accurately. This is the crux of much of the MLS research.
Subjects must be able to accurateiy label"yn;fhined recombinations of the

(4 .
stimulus components in the system gn‘order‘to show that generalizat'ion has

’ * e .
occurred.

“

)
As I mentioned, T view recombinative generalization as a process that
describes the functional relationship between environmental features and

-

this sort of generative language behav%?r. Recombinative generalization'can
be defined as differential responding to noyel combinations of stimulus
components that have been included previously in othe? stimulus contexts.

In these contesz, ~the ftipulus comknents have been a;sociated with.
particular linguistic res;onses. Tyus,.language legrners ar€ able to
arrange linguistic c<nst1tuents, such as morphemes, words, and ﬁhrases,

A

chording to specific syntactic rules, such as word order rules. For

[}
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example, }inguistic constituents can be recombined when' wordsacomprising two

different semantic classes, such as agents and actions, are rearranged to
.

make up novel two-word utterances: Recombinative ‘genéralization can thus be

.
-

fdbomplished, when_stiﬁhlus'componentﬁ\tnat’have been discriminsted and
. ) T
responded to éorrectly are subsequently put together in a novel arrangement.
~ \

A brief review of research that .has involved attempts to further

specify the environmental conditions under which recombinative generaliza—

P

tion can occur fqllows.

s, ’ ~

* « 1In the first? and most typi’cal' case, MLS expe‘nts have been co‘nducted'

‘with subjects who have qo prior knowledge of the vocabularyaor lexicon being
~N

used TFoss, 1968; Horowitz" & Jackson( 1959; Whitehurst, 1971 wolfle, 1931;

/'“ [}
1933). Researchers have determined that particular stimulus conditions must -

\/ .
* #

5
’ - -~

* be instituted before recombinative generalization can be expg;;ted-{fr ,

>

Insert Figure 2 About Here . .

)
v

.
. . .

, ' '
Ab6x 6 color—shap}.ufé adapted froo a study by Foss (1968) is shown in

Figure 2. Subjects wete taught ‘the {::els designated ﬁy"A"or the labels

designated.by'hy The "A" labels are six color-shape stimuli selected from
. [ 4
.the diagonal of the matrix. The "B" labels are 10 stimuli selected by
* 3 . 4

_progressing down the diagonal of the matrix Qn a stepwise fashion with the .
addition of two more diagonal stimuli in the lower righthand corner of the

natrix. After subjects were able to 1abe1 "their respective training stimuli
{

errorlessly. they Here asked to 1abe1 each of the 36 colored shapes in the—-—

L

matrix. . .

N

.
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The distinction between these two training sttategies is an important
ogf. Not only do the strategies differ in the éumber of training items
1nc1uded but more importantly, the inclusion of non-diagonal training items ,
‘provides overlap among color gnd shape components. Overlap results when the
color or shape words occur in more than ome two-word combination. Notice
‘that the "B" trpfning’items giare color and shape stiljulus coémponents. In N
the diagonal or non-overlap training condithn, on the obher hand, each )
color and shape word occurs in orly one of the two-word combinaéions' i~

" designated By "A". Training the diagonalditems doe not ensure that

i

.

gudb jects will learn to respond tb.both words in the utterance. Attention to”

L]
”

only the color or the shape components alone would be sufficient for

aeccurate responding to the trainingadtimuli. Foss (1968)  found that none of
' . , .

the squects who were trained on the six diagonal stimuli prtoduced novel, \

-

recomblnations to label the untrained stimuli. in contrast, overlapping
. -

-~

four color and four shape components when }p stimnli were-trained,iforced
subjects to disciiminatelsmong both t}e color and the shape céaponents in
order to prov;ds/the contect‘tespopses to training-items. ~?n;§ found‘that -
this gfonp of subjects nemonstr;ten recdhpinatiye,genefaiL;stion: ;fnn‘not

oaly did they generalize,withﬂh the 4 x 4 matrix for which overlap among

stimulus conbonents was exslicit, they also extended‘their generalization to

the larher 6 x 6 matrix. One might argue that thistastossible 5ecause

-~

Subjects had induced and exteqped their use of a word ordetr rule.
In studies conducted by Palermo’ and Parrish (19}1) and. by Goldstéin,

Wetherby, and Siewert (Note 1, Zs'furtber evidence of a-lack of\rec ina-

e

tive generalization following the training of diagonal or nomoverl ‘ping

stimuli has been found. Thus, overlap among stimulqs'components is vital,

P <
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apparently because ‘it requires subjects to make the critical discriminations

necessary for recombinative generalization to occur.’ *

Children are not limited to two-word language productions for long.

. Consequently, it is important to consider how principlés can be applied to
. more complex language systems. Consider the example of a three-term MLS
. 4
" shown. 1n Figure~3. We have developed thjs language system for a study that

¢ .

[ 4
we will be conducting with severely mentally retarded sdeects. Therefore, ,
) ' !{ ’ A ] - ’
-we find it appropri{dte to use the English language, which these subjects

have yet to achuire fully. A three-term pt}eranoe from this language system

'

‘ might take the form "the blue candle is on theg book."

A

>
[

Y
3 . -

Insert Figure 3 About Here

If subjects do .not ‘have the modifier-, object-, and location-words -

+

found in Figure 3 in their linguistic repertoires, it is appareo;,that
>

overlap among these §timulus components would be necessary to establish

» \ ’ “

recombinative generalization. Whether this would be sufficient and how one °’
might ‘most efficiently provide such overlap is open to question, however.
One way of providing overlap; which is analogous to the stepwise training

condition described earlier, would entail introducing stimuli as training

1tens according to the numbe shown in various cells of 'this language

v

£
sys:em. Nordce tha; Cells 1 And 2 overlap -the modifiers &regn and red,
\..

with the same object, girplane and the same location, house. Cells 2 and 3.

overlap the objecQs, airplane and truck, with the same nodifier, red, and

the same location, house. Cells 3 and 4 overlap the 'locations, house and
E S . . I

drawver, with the object, truck, and the modifier, red. ‘

~, ' . . 8 )
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Mdny of you may_be thinkiﬁg that it wbuldﬁieem‘reasonable to simplify-

Ay

—

this task. Indeed; prowiding oVerlap qmong'th;:e stimulus ﬂimepsisns is a

- ' . . ¢ - .
bit confusing. One option would be to teach one portion of the language

system'first, for exdmple, modifieg-object uttesances ghd then we could

-

recombine the modifier-object phrases with the locations.

This brings us to our :second general case. Under what stimﬁlue .
N gpndi%ions'@ight recombinative generalizétiéﬂ occur if part of the language

| ~ system is known éy the language.learner§. Researchers h?be.only begun to

L : L\a delinedte the ‘minimal gtimulus coﬁditions,neeessery for genérative language

3 . 3+ -

use once subjects have been first taught a portion of a MLS (Goldstein,

’

- - |
1980; Striefel, Wetherby, & Karlan, 1978). 1If, for ,example, subjd%is have
'knowledge of part of the lexicon, overlap is not necessarily required for ‘5

(recombinative) generalization to occur. Let mejillustrate with data ftrom.

one of seven preschaolers who participated in some of my own research (see

- 4

~ Figure 4).

Insert Figure 4 About Here

.

Preschoolers were first taught q% label four, agent puppets. When they

were Subseqdéntly trained to label agent-action stimuli, recombinative

generalization was demonstratdd in predictable manner. Notice that the
subject whose data is/ghown in Figure 4 received trainizé'(desxgnated by T)
for only four agent—action stimuli, which were'drawn from the diagonal of

the matrix. Plus ﬁnd minus syﬁbols represent responses to untrained
oS
agent-actién probe stimuli. Recombinative generalization was demonstrated.
iy

sequentially. Each time this subject generalized, generalization was

-’
ey

ERIC . S 9
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‘ . . . . 1
evident for the-three untrained stimuli that recombined the agents with the

. - .
N ’ v .

newly trained action component. The children never responded correctlx on

e
s . ] v

. 9
¢ the initial trial with a new diagonal training stimulus. Although three of _

the seven predchoolers required training on more than one stimulus that
* . N - .
- - ‘ .
’ "included the first action, mepy this same pattern of experimentally

- ‘ predictable generalization was shown for all seven children.,.

LT -
(]

* _ We can contrast the first general case in.which subjects had no lexical

-~

knowledge of the langnage ‘system with this second case in which subjects had

123

'( a lexical Kyowledge of one of two semantic classes. Only.in the latter case

is recombinative generalization possible when no overlap among the htimuldy /

connonents ig provided. By extending these findings to more complex ’ -
‘ T -
oL . language, we might be expected to efficiently bring about reqombinative -

gePeralization in response to untrained modifierfobject-location stimuli,

\
J L4

the example which I mentfnned earlier. If responsea to modifier-objed!
stimuli'?ere‘alreédy egrt of an individual’s lingni;tic repertnire, the
addition of edch new location Wwithin a single modifier-objept—location
. stimulus might result in extensive recombinative generalization.
I will briefly discuss a third general case in which the language.
'learner has a lexical repertoire that encompasses~all'the content worda of a
) novel language system! In this case, subjects who have knowledge of the k
complete lexicon used. in a MLS should requ!re'minimal training. In fact,
one example. of til .new syntactic construction may be sufficient for
! (reconbinative) generalization to be demonstrated. ,I have ;;ZZEEE&\the

\ ¢
age t—aétion MLg'that I,discuesed earlier to an agent-actionrobbjecé MLS in

, which the agent puppeta also served ag.objects (Goldstein, 1980). Conse-

quently, the children had prior ttaining with. the comnlete lexicon.

-
.

FRIC © T - 7
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*Although traﬁning procedures were not set up to maximize this occurrence, a ‘
% . - . B .
. number of children ‘have indged demonstrated recombindtive generalization
¢ . . . 8 .

after tralning on. onl;\‘ne of 64 agent—action—object stimuli. "

v R

- v
-

" . To take such a language system one step further, this minimal amount of

environmental input may still result in recombinative generalization even if
. N ) ' . .

, new function words or morphemes withonf'any visual referents are included.
Let”s ‘consider a language system roughly equivalent to the passive sentence

structyre. <In response to agent—actionLobject stimuli, ukterances similar

L » ° - h
to "John was chased by the dog" can be generated. However, when translated ¢

into a language system using nonsense words, utterances can be somewhat » ‘

prescﬁoolers I mentioned earlier readily Yearned add generalized their “

labeling according to this syntax: 'object—foba—action—ik—la—agent.” six .

preschoolers each demonstrated recombinative generalization after receiving ’

training on four of ‘64 such utterances. . ’ ' v

~

-

In summary, while there is a paucity of research in‘'many areas, 'I,view
‘the MLS paradigm as a valuable asset to the expérimental analysis of ~

. language $ehavior. Id’particulér, MLSs provide a parsimonious conceptual

v

. ' /
e base for viewing the environmed{al circumstances that account for the
< . :
| development of generative language use. If addition, we have been able to .

identify "how these stimulus conditions might vary depending on the prior

\

learning histories of individuals.’

. Let me conclude by sfating some general implications. In the natural/ZT )
. ' . @ .

environment, parents may inadvertently promote recombinative generalization,

(especially of ;Erﬁs’already present in children”s lexical repertoires) by
- . {
modeling the pecombination of words from the same semantic (response)
- "] -
k tee Dot Co ®
!
> 1

o
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classes. Of course, the child’s language is not limited to two- and . ]

three-term relations for long. Based on the studies-I have discussed,

though one can hypothesize that the modeling of more co‘plex utterances

-

using words in the child‘s repertoire and the correcting or_ reinforcing of
relatively few of the child’s‘attempted productions may be Sufficient for ’
. . e T
the chiId.to learn to generate numerous syntactic constructions.
! , .

. . MLS research also has imp%icatton for second-language teaching and has

already prouen usefud as a basis for formulating efficfent.language e

intervention programs (Striefel, Wetherby, & Karlan, 1976, 1978; Wetherby/§
—— ) , - A 4
Striefel, 1978). Although the minimal environmental circumstances that have
L) . [}

.
A Y

resulted in recombinative. generalization for normal children and &dults L

can be specified with a fair degree of surety, this set of circumstances may

——

not alway; be sufficient for other subjects. Indeed, much research is

[

needed to delineate the stimulus conditions that are not only necessary, but
also sufficient for recombinative generalization to be demonstrated by .
language—deficient individuals. " Thus far, this research has been quite
promising.‘ ot the efficidncy of language intervention could potentially be
Ienhanced further by programming 80 as,to maximize the effects of a history

of lexical .learning, for example. ﬁoreover, we have only touched on- the

" benefits that may accrue as a function of a-h{story of semantic-syntactic

learning. . S . ) - F - ‘

» .

] B ¢ .
.-The implications of recombinative generalization are most significant

when we think of how we might establish increasingly complex language. As

syntactic rules get ptogressively more complex anqkmore linguistic reper—
< ’

toires can be integrated within a larger language system, the potential .

’
-ggvings ‘in direct training time fhcrease tremendously. Future experiments

-

- , -
A B ’ .
. > -

N 4
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should help to delimit the conditions that would result im this "rampant"-i) v

”'genera}izat{on and would thus further our understanding of how the impres
sive diveré;ty in deGéioping‘;angdage san be aqcounied for- by .environmental

- - -
. variables. ' R - T
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.. o ' F;igure ‘Captions

r

Figure 1., An example'of stimuli and responses for an agent-actic'm minia-

‘
+

ture linguistic system. . . \
) Figure 2. A 6 x 6 color-shape miniature linguistic system ad:?ted from
Foss (1968). The six diagonal training stimuli designated "A" eac combine

”
a different coler with a different shape. The ten training stimuli designated

- .

"B" inelude recombiﬁgtions of four of the color constituents and four of the
Y

shape constituents. All blank cells represen{\u_ntrained color~-shape recom-

binations. T

[y

~Figure 3. An example of a 4 x 4 x 4 modifier-obj&t location MLS.

~

. Numbers in the cells OQ‘ the matriw—denote the order of“;lntroductioﬁ of St imulus- -

o items into training.’
'F{g‘lu'e 4, An exampie of .generalizlatio;x probe data dur:llng the acquisition
. of an ;gent-action MLS. Training (T) was \initiated a’crosg stimuli in a multi-
pfe baseline fashion. Performance on genera]fzation‘\m:pbes‘ is shown with'
- . .

probe trials score}l’either as correct (¥) or incorrect (-).
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ACTION STIMULI™

O,

TEK MEP

TEK WUM -

WAB MEP

. 'BUP MEP

AGENT STIMULI

-~

WAB NUT

TEK NUT

TEK GOK. -

WAB GOK

v\.
BUP NUT

———

BUP GOK

NOF MEP

NOF GOK

-
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