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ABSTRACT 

It was proposed that, under conditions of syntactic struc

ture, a person's grammatical skills would participate in the 

processes of verbal memorization in two facilitating ways: first, 

by providing a basis for grouping items into "chunks" larger than 

individual words; second, by providing an organized method to "search" 

memory. These propositions were incorporated into a model which 

viewed verbal memorization as a complex information processing task 

in which a subject 1) adopts "strategies" which organize the manner 

in which he goes about his task; 2) codes the input into a form 

appropriate to the central processes by generating a matching internal 

representation; 3) stores these internal representations in memory 

in an organized fashion according to discrimination "tests"; 4) 

generates "cues" which are used to retrieve information. 

Subjects were assigned to one of three experimental condi

tions: one in which all of the strings of items to be memorized had 

identical syntactic structures (Condition I), one in which each 

string had a different syntactic structure (Condition II), and one 

in which items were randomly arranged within each string (Condition 

III). Subjects learned both nonsense syllables and real words, the 

order of presentation being counterbalanced for each condition. In 

the structured real word conditions the strings were semantically 

anomalous, i.e., they did not "make sense" as a whole. 

ix 
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It was expected that, if "chunking" occurs simply as a 

result of syntactic structure, three measures would yield higher 

values for Conditions I and II: the average "size" of the seg

ments added to a subject's response repertoire, the percentage of 

additions containing sequentially contingent items, and the number 

of strings completely correct. With respect to the notion that 

syntactic cues aid in the retrieval of stored information, it was 

expected that the number of omissions, bound-morpheme errors, 

between string substitutions and inversions of word order would be 

greater in Condition III. Condition II was expected to produce fewer 

between-string substitutions than Condition I because discrimination 

between strings could take place at a higher representational level. 

Between-string and within-string strategies were examined using 

serial position curves and interview material. 

The results revealed no significant between group differences 

for any of the "chunking" measures and only a few significant differ

ences on the basis of error scores. Most of the latter differences 

were due to the superior performance of subjects learning strings 

with different syntactic structures. 

" The failure of Condition I to differ from Condition III in the 

expected direction appeared to be a result of the within-string 

strategies employed by subjects in Condition I: most of them re

structured the items into phrases, "headlines", or the like. It was 

suggested that the superiority of subjects in Condition II might be 

the result of a process whereby subjects separate the semantic from 



the syntactic components of the task. In strings which include 

function words, an internal representation of the syntax of the 

strings might render the function words redundant. 



INTRODUCTION 

....it has taken psychologists a long time to realize that 
the linguist means something when he says: "Language is a 
system." Very simply, he means that when someone knows a 
language he knows a set of rules: rules of phonology, mor
phology, reference, and syntax. These rules can generate 
an indefinite number of utterances. Learning a language 
is more than the rehearsal of particular sentences. From 
particular sentences we induce a governing set of rules 
and the proof is that we can say new things, never heard 
and never rehearsed, which nevertheless conform to the 
rules and are comprehensible to people who know the rules. 
The most important thing psychology is likely to get from 
linguistics is the reminder that human behavior includes 
the response that is novel but appropriate (Brown, 1958, 
p. viii). 

This system, language, is being found to be an extremely sub

tle and complex affair, both by linguists trying to describe the 

rules ("what" we know) and by psychologists trying to formulate what 

it means, cognitively and behaviorally, to "have" rules. Neverthe

less, the time and effort being invested in the study of language 

phenomena appears to have increased at a geometric rate over the 

last ten years. Several books and articles have appeared dealing 

with "psycholinguistics" and, since 1962, the field boasts its own 

journal. Perhaps with this amount of activity one can be optimis

tic about the future of this new science. 

Not the least of the problems raised by man's peculiar tal

ent relates to his "productivity" (Miller, 1965) at the level of 

sentences. Whereas the number of phonemes and individual words we 

know are relatively finite (in the neighborhood of 40 and 10̂  

1 
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respectively), there Is no limit to the number of different sen

tences that can be produced by combining words in different gram

matical constructions. Miller (1964) estimates that it would take 

one hundred billion centuries just to utter all of the possible 

twenty-word sentences of English. This means that the English 

language, and probably any other language, cannot be described by 

a listing of all its grammatical sentences. Rather, language must 

be described in terms of rules that can generate "novel but appro

priate" sentences from finite elements (Miller, 1965, 1964; Chom

sky, 1957; Brown, 1958). 

What does this mean for the psychologist interested in 

language? One thing it implies is that if the concepts and models 

which are developed are to explain our ability to deal with an un

limited variety of possible utterances, they must be capable of 

combining lower order verbal units into grammatical sentences. It 

must be remembered, of course, that linguistic descriptions of 

rules differ from psychological descriptions. That is, even if 

there existed an adequate description of linguistic rules, this 

would not explain a person's actual linguistic performance — his 

use of the rules. For a psychological description, the rules 

must somehow be incorporated as psychological mechanisms into a 

performance model. 



STRUCTURE IN LANGUAGE SYSTEMS 

Linguists distinguish very clearly between the "content" 

system of a language and its "expression" system. The content sys

tem has to do with the relationships that exist between language 

signs and various extra-linguistic states of affairs, e.g., the 

psychological state of the speaker or the state of objects in exter

nal reality. The expression system is composed of the language signs 

themselves — their combination and their arrangement. The ways in 

which the expression system and the content system are related ap

pears to be essentially arbitrary. That is, there seems to be only 

an historical reason for one sign (or sign combination) rather than 

another to be used for a particular referent. (The phenomenon of 

phonetic symbolism may be an exception, however. An interesting dis

cussion of this appears in Brown (1958).) 

Descriptive linguists believe that the description of the 

expression system must occur prior to attempts at relating it to 

the content system and that this description must be independent 

of any description of the content or meaning system. This is 

mainly in order to avoid the mistake of classifying the linguistic 

elements according to characteristics of referents or of concepts 

rather than according to their function within a linguistic structure. 

To say that the expression system of a language has structure 

means, simply, that the elements or units which occur and the order 

3 
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in which they occur are governed by some principle or set of 

principles. In language, a number of different levels of elements 

can be discriminated: phones, phonemes, forms and constructions. 

Thus, the descriptions of language structure can occur at a number 

of different levels. In the following discussion, structure at the 

"higher" levels of verbal organization is considered. No attention 

is given to phonemic organization. The interested reader can find 

quite detailed discussions of phonemics in Miller (1951) and in any 

general linguistic text. 

"Form" is a general term for any linguistic unit which has 

a definite and distinct grammatical function. Some forms, smaller 

than what we call words, are "bound" in that they never occur alone. 

One example is "-ness", a bound form which, added as a suffix, 

changes the grammatical function of adjectives to that of nouns. 

Other forms are called "free" forms because they can occur alone, 

e.g., the adjective "good". * 

Any form that cannot be divided into two or more other forms 

is a "morpheme". Thus, the word "goodness" is composed of two mor

phemes. Morphemes are of two types: message morphemes and struc

tural morphemes. Message morphemes carry part of the information 

being conveyed by an utterance. For example, "book/bind/er/y" is 

composed of four message morphemes: that referring to an object, 

that which refers to a certain operation on the object, that which 

refers to the person who carries out this operation and that 



5 

referring to the place where this operation takes place. Struc

tural morphemes serve merely to indicate the structure of an 

utterance, e.g., the '"s" on "boy's" relates the word "boy" to 

another word in a sentence. It does not add to the information 

conveyed but only helps to clarify the construction of the sentence. 

The allocation of forms to classes without appeal to the 

meanings of the forms is no easy task. Linguists believe they 

can do it by defining a class in terms of distribution. That is, 

"....the class to which a form belongs is determined by the places 

in which it occurs" (Sledd, 1959, p. 234). There are three main 

ways by which form classes are established: 

1. Inflectional Classes. A form may be classified according to 

the inflectional endings which it can take. For example, "man" 

belongs to one class because it is inflected "man", "man's", 

"men", "men's"; "run" belongs to another class because it is 

inflected "run", "runs", "ran", "running". 

2. Derivational Classes. A form can be classified according to 

the possible prefixes and derivational suffixes it may take. 

"Boy" may take the suffix "-ish" as in "boyish" but "run" does 

not belong to this class since we don't say "runnish". 

3. Syntactic Classes. A form can be classified according to its 

position in constructions. We can say, "He will run" but not 

"He will boy". Thus, "boy" and "run" belong to different 

classes. 

Inflectional and derivational classes combined are called 
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"morphological classes". Syntactic or positional classes differ from 

morphological classes in that they include both words and forms 

larger than words. 

"Constructions" are the acceptable sequences or patterns in 

which forms can occur. They themselves are empty of specific phonemic 

or morphemic content. Thus, the sentence "Wealthy young co-eds buy 

wildly" has the same pattern as "Colorless green ideas sleep furious

ly" in terms of the sequence of form classes that occur. 

Linguists differ among themselves as to which is the best 

way to describe structure at this level. One system which has 

caught the attention of some psychologists, and which will serve 

to illustrate current linguistic notions in this area, is that 

developed by Noam Chomsky (1957). 

Chomsky's model is termed a "generative grammar". That is, 

it is a set of rules such that, 

Starting from a basic axion, we apply rules of formation 
that permit us to rewrite the axiom in certain acceptable 
ways until we have finally derived the desired sentence. 
If the rules are formulated properly, only the grammati
cal sentences will be derivable; all other sentences will 
be ungrammatical (Miller, 1962, p. 749). 

This model considers three levels of grammatical structure: a 

phrase-structure level, a transformation level, and a morphology 

level. Each of the three levels contains a set of rules which 

generate the pattern of elements within the level. 

The structures described at the level of phrase-structure 

make use of the form classes used in simple active and declarative 
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sentences of the type "A man reads the book". These sentences are 

called sentences In a transitional state and they form the basis for 

more complex sentences. Figure 1 illustrates the application of 

rules at the phrase-structure level to produce the sentence "A man 

reads the book." All of the rewrite rules are of the type "X be

comes Y" with the restrictions that only a single symbol can be re

placed in the application of a single rule and that X is not Y. The 

"X" represents any construction or part of one and "Y" is an expan

sion of X or its substitution by a particular form. 

What do we do about sentences like "Doesn't the man read 

the book?" The derivation of these and more complex types of sen

tences is regarded by Chomsky as a special kind of process in gram

mar called "transformation". This example comprises an affirmative, 

a negative, a question, and a contraction transformation of the 

keraal sentence in Figure 1. The set of rules at this level of 

grammar changes the order of the elements in the terminal string 

produced by phrase-structure or allows elements to be added or de

leted. For example, phrase-structure gives the following terminal 

string: 

A MAN READ + PRESENT THE BOOK 
1 2 3 + 4 5 6 

A passive transformation of this string would yield the following 

order: 

THE BOOK IS + PRESENT READ BY A MAN 
5  6 7 +  4  3  8  1  2  



N P  

t 
A 

5 —)NP+ VP 

NP—»A • N 

VP—»V + NP 

A ——>A, AN,  THE > . , . .  

N )MAN) BOOKj««»* 

V —BREADS,  JS , . , . .  

N  I 
H A N  V P  

/ \  
V N P  

REAPS | N 

THE BOOK 

FIGURE 1. PHRASE-STRUCTURE ANALYSIS of the SENTENCE "A MAN READS 
the BOOK." 
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The rules at the third level are applied to kernal strings 

with phrase-structure after transformations are applied. At this 

level there is a sequence of inflectional rules from which the actual 

sounds of speech are derived. These "morphophonemic" rules generate, 

for example, the plural endings of nouns and the third person singu

lar present endings of verbs. 

After this brief foray into the world of the linguist one can 

get some idea of how "what the language user knows" is described in 

modern linguistics. One can now ask if these systems of rules have 

any bearing on the psychological processes which go on when we deal 

with verbal symbols in listening, speaking and thinking. 



PSYCHOLOGICAL APPROACHES 

Syntax as Cortical Integration 

Until 1951 psychologists had largely ignored the problems 

posed by grammar and organization in verbal behavior. In that year 

Lashley (1951) published an influential paper entitled "The problem 

of serial order in behavior." Therein he declared his interest in 

the internal mechanisms of the organism responsible for the ".... 

logical and orderly arrangement of thought and action" (p. 181). 

Although he presented language organization as the prime example 

of the integrative functions of the cerebral cortex, Lashley viewed 

the problem of syntax as much more broad. All skilled acts seemed 

to involve problems of serial ordering: the control of the extent 

and rate of movement, the initiation and timing of contraction of 

the different muscles in a complex movement, rhythmic activity, even 

postural phenomena. 

Lashley's main argument was that 

....input is never into a quiescent or static system, but 
always into a system which is already actively excited and 
organized. In the intact organism, behavior is the result 
of interaction of this background of excitation with input 
from any designated stimulus. Only when we can state the 
general characteristics of this background of excitation, 
can we understand the effects of a given input (p. 181). 

In his exposition of this "background excitation and organization" 

he mentions some things which are of importance to psycholinguists. 

10 
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Lashley rejects the notion that syntax is inherent in the 

words employed ("associative chain theories") or in the idea to be 

expressed ("determining tendencies"). He finds the former untenable 

because in language, as in most skills, the component movements or 

elements occur in all sorts of combinations and thus can have no 

temporal "valence" in themselves. The latter he rejects on the basis 

of translating skills: the polyglot is easily able to shift the 

form of expression of an idea without literal translation. 

Lashley concludes that syntax is relatively independent from 

both motor units and thought processes, that it is a "....general

ized pattern imposed upon the specific acts as they occur" (p. 185). 

He finds support for this notion in the mistakes of order which 

occur in writing, speaking, and typing (e.g., when an error occurs 

in typing, a person may correct it only to find that this "correc

tion strategy" is imposed on later elements), in the tendency for 

polyglots to impose the grammatical structure of their native lan

guage on newly acquired ones, and in the ease with which children 

are able to impose a new structure on familiar words, as in pig-

Latin. 

Some points of theoretical interest also appeared in this 

paper, points which have largely been overlooked in subsequent 

theorizing. First of all, he argued that memory traces are largely 

static and persist simultaneously, so they must be spatially dif

ferentiated in some manner. But reproductive memory appears al

most always as a temporal sequence (e.g., a succession of words or 
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a series of images) so that the translation from spatial distribu

tion to temporal sequence is a basic aspect of the problem of syn

tax. How does this translation occur? Lashley first points to the 

fact that some kind of preliminary facilitation or "priming" of ex

pressive units probably occurs: reaction time is reduced by in

structions and in controlled association a particular category will 

dominate the associative reaction. Next he points to evidence which 

indicates that one neural system may be held in a state of partial 

excitation while it is "scanned" by another. For example, a subject 

can retain a series of four to six numbers in immediate memory and, 

while doing so, resort the order of the numbers. 

Thus, Lashley's theory of syntax goes something like this: 

when a trace is first formed it is integrated with the directional 

characteristics of a space system which gives it position in refer

ence to other traces; the characteristics of the space system can 

then be scanned by some other level of the coordinating system and 

be transformed into a serial order. 

Syntax as Predictive Integrations 

The insights into the nature of the psychological (or 

neuropsychological) processes responsible for syntax which appear 

in the Lashley paper were, at the time, obscured by developments 

in another area (Diebold, 1964). Information theory had offered 

an attractive way to quantify the structure of sequential behavior 

and its notion of "transitional dependencies" appeared to dovetail 
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with the learning theory concept of "associative hierarchies". How-

ever, interest was focused on only one segment of sequential behavior 

— the effect of antecedent context on the subsequent units in a mes

sage. Thus, Miller, Heise and Lichten (1951) ascribed the greater 

intelligibility of words in context to the reduction of possible al

ternatives because of the sequence constraints on certain form clas

ses: as sequential predictability is increased by preceeding context 

the hearer's uncertainty decreases. Similarly, in a learning task 

involving strings of words of varying degrees of approximation to 

English word order (Miller and Selfridge, 1950), it was found that 

greater approximation to correct word order, not meaning, resulted 

in greater recall. 

One of the problems for the simple stochastic model im

plied by the earlier studies is the near impossibility of a child 

ever learning a language in this way. Assuming an upper limit of 

twenty words per sentence, it would take a childhood of 100 years 

to just be exposed to each of the possible sentences in English 

(Miller, Galanter, and Pribram, 1960). It has also been demon

strated (Miller and Chomsky, 1963) that a Markov-type generator 

could not deal with the possibility of unlimited self-embedding 

characteristic of natural languages (see the discussion below). 

Osgood (1963a, 1963b, 1964, 1965) has postulated a three-

stage mediation-integration model of verbal behavior based on 

learning theory and the substitution (or form) classes of lin

guistics and using information measurement as a primary method 
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of description. Three psychological processes are assumed in the 

handling of information: decoding, association and encoding, each 

of which can operate at each of three levels of organization: the 

projection level, the integrative level, and the representational 

level. 

On the input side, the lowest level, which I shall call 
sensory, begins with the receptors and ends with sensory 
signals at the termini of the projection systems, pro
viding a faithful mirror of "what is". The second level, 
which I shall term perceptual, begins with these patterns 
of sensory signals and ends with the most probable inte
gration of their more central correlates as determined 
by redundancies in past experience — thus, a mirror of 
"what ought to be". The third level, which I shall call 
meaningful, begins with these meaningless sensory inte
grations and ends with the most probable representational 
mediation processes with which they have been associated 
— a mirror of "what it signifies" in terms of past ex
perience with behavioral outcomes. Similar, analysis of 
behavioral output yields execution (projection), skill 
(integrational), and intention (meaningful) levels 
(1963b, p. 741). 

The recognition of sensory signals and their integration with other 

stimuli to form appropriate grammatical constructions apparently 

occurs at the integration level. (This is not clear in Osgood's 

writings, however. At one point he assumes that "....grammatical 

distinctions are at base semantic in nature...." (1963a p. 746), 

thus belonging to the meaningful level. Yet in another place (1965, 

p. 132) he assigns to grammatical mechanisms the characteristics of 

the integration level.) At this level Osgood follows Hebb's (1949) 

general notion concerning neural integration: near synchronous 

activities in neighboring loci tend to become more and more strongly 

associated by the development of synaptic connections. 



The critical variables fo.r predictive integrations are 

frequency, temporal contiguity, and redundancy among input or out

put events — motivation and reinforcement play no significant 

role. Evidence for this last statement comes from studies re

lating visual and auditory thresholds and reaction times for words 

to their frequency of occurrence (e.g., Howes, 1954) and from a 

study showing that sensory integrations are not influenced by re

inforcement (Tyler, 1962). 

In one exposition of this point of view (Osgood, 1965), 

grammatical facility is thought of as "....a special case of anti-

cipational (decoding) and dispositional (encoding) mechanisms in 

the human nervous system, both dependent upon the frequent repeti

tion of redundant events in sequential inputs or outputs" (p. 132) 

The ordering type of disposition is supposedly formed when the 

child is exposed to utterances all fitting the same syntactic pat

tern "....whereby activity type ,a in the motor associational area 

'tunes up' activity type b_ and so on. Having saiid 'the big, fat., 

we experience a disposition towards encoding some nominal form.... 

(p. 132). Osgood thus sees sequential associative hierarchies 

operating at more than one level, i.e., at the form class level 

as well as at the dictionary level. The joint operation of such 

hierarchies is assumed in the production of sentences (Osgood, 

1963a). 

Set mechanisms are said to account for the maintenance of 

certain types of information in lengthy sequences, e.g., time, 
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number, gender, mood. "In computer language, the mechanism here 

would be analogous to a kind of 'locking device1 which sets the com

puter for some repetitive operation, say, to add two zeros to any 

number ending in five" (Osgood, 1965, p. 133). 

Congruence mechanisms are said to account for the various 

agreements that are maintained between parts of a message, e.g., 

between nominal and verbal forms. It is postulated that these 

mechanisms have a "....reverberatory 'holding' characteristic; set 

in motion by the occurrence of a prior grammatical tag, they per

sist 'silently' until a second, corresponding tag is encountered, 

whereupon they release a particular encoding unit and are them

selves eliminated" (Osgood, 1965, p. 134). 

Osgood (1963a) finds support for the idea that simultaneous 

(integrational) and sequential hierarchies combine in creating sen

tences in an experiment by Neal Johnson (1965). Subjects learned 

sentences of two different grammatical types: "The tall boy/saved/ 

the dying woman" and "The house/across the street//is burning." 

The probability of transitional error was found to be greater across 

phrase boundries than within phrase boundries, but within each 

phrase there was a nearly linear decrease in transitional errors 

from left to right. 

Osgood also finds evidence for his theory in the study of 

aphasia (Osgood and Miron, 1963). He has been fairly successful in 

assigning the symptoms of individual cases to one or more of the 

cells in the matrix formed by his three levels and three processes. 
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jakobson (1955), however, sees only two types of aphaslc disturbance 

(reflecting what he considers to be the two basic linguistic processes 

in speech): selection disorders and combination disorders. Distur

bance of the selection process results in the "similarity disorders" 

(choosing a word similar to the one that is intended) while impair

ment of the combination process results in "contiguity disorders". 

And Schwell and Jenkins (1959) conclude that there is only a single 

dimension of language deficit rather than multiple dimensions or 

typologies. Goodglass and Hunt (1958), on the other hand, find no 

support for the single factor explanation, at least with respect to 

grammatical performance on a test of control of English morpho

phonemics . 

"Hesitation" phenomena — the pausal durations separating 

sequential events — are another source of evidence for the multi

level model. It has been found (Maclay and Osgood, 1959) that 

pauses fall at the boundries of syntactic units when subjects are 

reading a prepared script or reciting from memory. But when a per

son is "thinking on his feet" there are, in addition, hesitation 

pauses varying in length that occur within the major syntactic 

boundries. These tend to be eliminated with rehearsal of the 

material. Osgood (1964) argues that the unrehearsed condition is 

more like "ordinary speech" and thus supports the idea of combined 

associative hierarchies at different levels. Fodor and Bever (1965) 

present evidence and arguments to the contrary, however. 
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Osgood (1965) considers the fact that In word association the 

most frequent types of responses among adults are coordination (table 

- chair) and contrast (black - white) as supporting the notion that 

both form class and "direct" transitional dependencies are operative. 

The similarity of words can be divided into paradigmatic and syntag-

matic classes. The former class contains words that can be substi

tuted into an identical sentence frame; the latter class includes 

items that can follow one another in utterances. If both are fac

tors in strength of association, the highest strength will be bet

ween words of the same form class since only these words can be 

similar both paradigmatically and syntagmatically. 

The Grammatical Skill of the Child 

The way in which the child acquires the grammar of his 

language is still poorly understood. Carroll (1939) early theor

ized that the child learns syntax by first imitating whole sen

tences or phrases and then differentiating out the component parts 

as the function of these parts is learned. Evidence is accumulating 

that this is true of phonemic contrasts (Osgood, 1963a). Carroll's 

(1964) observation of a child in first grade who thought the flag 

salute began "I pledge a legion to the flag" is suggestive. 

In a study entitled "The child's learning of English mor-

pholgy", Berko (1958) presented young children with a number of non

sense words and asked them questions designed to elicit the English 

plurals, verb tenses, possessives, derivations and compounds of those 



words. The responses of the children were not always right (espe

cially with irregular verbs) but they were consistent and orderly, 

demonstrating that children in this age range operate with consistent, 

regular, simple morphological rules. Of relevance to the previous 

paragraph is the finding that few of the younger children had noticed 

the separate parts of compound words (e.g. blackboard) although a few 

older ones did and assigned to them meanings not connected with the 

word's entymology or meaning in later life. Berko and Brown (1961) 

suggest that "....small children produce new forms by analogy with 

words they already know, and the direction of the new forms is towards 

eliminating the irregularities or inconsistencies of the language .... 

the equivalent of saying 'I ringed1 and 'two mouses'" (p. 555). 

Brown and Fraser (1963) have managed to write a generative 

grammar for some tape recorded samples of spontaneous child speech. 

They are entertaining the hypothesis that the child "reduces" adult 

speech by omitting function words that carry little information and 

that he then induces general rules which govern the construction of 

new utterances from this body of reduced sentences. As he discrim

inates more of the detail of adult speech, he is forced to revise 

and supplement the original rules. The "telegraphic speech" of the 

child is seen as a result of these simplified rules. Communication 

between child and parent is hypothesized to occur through a recip

rocal activity where the child reduces the parent's speech and the 

parent expands the child's speech. 
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Menyuk (1963a, 1963b) has studied the language structure of 

three to seven year old children using Chomsky's generative grammar. 

Language samples were tape recorded and analyzed using Chomsky's 

technique. Then a children's grammar was written which included all 

the rules used to generate "acceptable" utterances and those which 

did not. It was found that the grammar of the nursery school group 

contained all the basic structures used by adults to generate their 

sentences and that structures which were not consistent with adult 

usage occurred infrequently. 

Ervin (1961) had observed that the tendency, in word associa

tion tests, for the response word to belong to the same syntactic 

class as the stimulus word (i.e., paradigmatic) increased with age. 

Kean and Yamamoto (1965) followed up a suggestion that this was due 

to the gradual organization of a child's vocabulary into syntactic 

classes. They presented count nouns and transitive verbs (actual 

words but infrequently used) in sentences to subjects in kindergarten, 

second and fourth grades and asked them to guess the meanings of the 

words. The responses were classified as either heterogeneous or homo

geneous (agreement between the part-of-speech signaled by the sub

ject's use or translation of the stimulus word). Homogeneous res

ponses were taken as an indication of syntactic "cuing". The results 

indicated that by the time a child gets to grammar school he has al

ready acquired a usable grammar and that syntactic signals are used 

to cue the meanings of new, unknown words. Similar effects have been 

shown in experiments by Brown (1957). 
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All of these studies suggest that the child, within a short 

period of time, acquires grammatical skill making it possible for 

him to cope with the unlimited number of possible utterances in his 

language, either by understanding them (Lenneberg, 1962) or by being 

able to produce them appropriately. This makes suspect the idea 

of acquisition simply via reinforcement and correction by adults. 

Lenneberg (1964) is currently making a case for the biological or 

genetic basis of speech: "....the absolutely unexceptional univer

sality of phonemes, concatenation, and syntax and the absence of 

historical evidence for the slow cultural evolvement of these pheno

mena lead me to suppose that we have here the reflection of a bio

logical matrix or Anlage which forces speech to be of one and no 

other basic type." (p. 588). Language development (or at least 

symbolic communication) is relatively independent of the infant's 

babbling or of his ability to hear - the deaf learn to communicate 

by writing and deaf children often learn a sign language without 

being taught. Even with organic muteness (in the presence of good 

hearing) a child can develop speech comprehension and a feeling for 

grammar (Lenneberg, 1962) . Lenneberg points out that speech seems 

to follow a maturational development: cultural differences have no 

effect on age of onset and mastery; the phases are the same in all 

children; language "training" is seldom the result of rational pre

planning by parents since no adult knows how he produces new gram

matical sentences. Lenneberg's forthcoming book, The Biological 

Foundation of Language, is said to include an irrefutable case for 
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the existence of a critical age for language acquisition based on 

the study of various speech disorders, of interrupted acquisition 

and of second language learning. 

Grammatical Units as Concepts 

Carroll (1964) treats the grammatical form class and higher 

order constructions (phrases, sentences) in terms of concepts. He 

defines a concept as "....the internal representation of a certain 

class of experiences. these experiences being either the direct re

sponse to aspects of the external environment, or responses to other 

experiences" (p. 81). Linguistic forms are learned on the one hand 

as members of form classes because of their position in construc

tions: being experienced in this way a form class is itself a con

cept or class of experiences. On the other hand, the concepts within 

a fom class represent experiences which may have common elements and 

thus tend to form a class. This state of affairs may result in the 

form class being invested with a certain meaning. 

Constructions are also postulated to correspond to concepts 

or classes of experience: the underlying class of experience they 

symbolize include both form class arrangements and the communication 

situations in which these constructions are used. 

"For example, the subject-predicate construction which under
lies the sentence 'Jim saw Bob' represents not only that class 
of experiences in which something is asserted about a nominal 
(Jim, in this case), but also that class of experiences in 
which information is furnished to a hearer (rather than being 
requested of him)" (p. 91). 
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Carroll regards problem solving as the manipulation of 

concepts evoked by a total situation, whether the concepts are 

appropriate to the task or not. He further comments that "Many 

problems require a sequential processing of concepts wherein each 

process yields some partial answer or tentative result to be sub

jected to still further processes" (p. 86). Although Carroll does 

not explicitly state it, it would follow from this that sentence 

production and understanding could be considered instances of 

problem solving requiring the sequential processing of concepts 

(form classes) according to a "master" concept — the grammatical 

construction. Carroll suggests that it is at the level of the 

grammatical construction that language structure begins to be a real 

aid to thinking. At this level one can learn and manipulate more 

complex concepts than those which exist at lower levels. 

Cognitive Processes and Grammatical Phenomena 

Miller (1964) has asserted that the central task of psy

cholinguists is to describe the psychological processes that go on 

when people use language. In his approach to the problems of gram

mar he has been greatly influencê  by Chomsky's generative grammar 

and by computer science (see, for example, Miller, Galanter and 

Pribram, 1960). Miller feels that "....psycholinguists should try 

to formulate performance models that will incorporate, in addition to 

a generative knowledge of the rules, hypothetical information-storage 

and information-processing components that can simulate the actual 
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behavior of language users" (1965, p. 18). His research has fo

cused mainly on the processes of comprehension and perception. For 

example, in one experiment (Miller, 1962) he divided a list of 25 

monosyllabic English words into five sublists such that if a word 

were taken successively from each sublist a grammatical English 

sentence would be formed. Subjects completely overlearned all the 

sublists and were then tested under one of four test conditions: 

successive words were selected from the entire set of 25 words in 

random order from one of the sublists; words were chosen from the 

subgroups so as to form grammatical sentences (e.g., "He left some 

cheap things"); the order of the third condition was reversed so the 

word sequence was not grammatical (e.g., "things cheap some left 

he"). The words were spoken in groups of five and heard by subjects 

against a background of random masking noise. Comparing the first 

two conditions it was found that the words were easier to recognize 

if they were one of five alternatives rather than one of 25 alter

natives. Comparing conditions three and four it was found that if 

there was a pause between successive strings of five words there was 

no difference and both were the same as the five-word sublists. 

With no'pause between successive sentences, however, the sentences 

and five-word vocabularies gave one function and the reversed sen

tences and the 25-word vocabularies gave another. Miller inter

preted these results as indicating that, at speeds characteristic 

of normal speech, it is the sentence context that allows a person 

to exploit a narrower range of words. He argued further that, "In 



addition to reducing the variety of competing alternatives, the 

sentence context also enables us to organize the flow of sound 

into decision units larger than individual words - perhaps into 

units similar to the linguist's constituents - and so to make 

our perceptual decisions about what we are hearing at a slower 

and more comfortable rate" (1962, p. 754). (This is in line with 

an earlier paper (Miller, 1956) in which he suggested that 're-

coding' stimuli into a few symbols is a method humans use to in

crease their capacity to retain information.) 

One of the facts of language which a Markovian generator 

(at least a unilevel one) cannot deal with is the possibility of 

unlimited "self-embedding" (Chomsky, 1957). Self-embedding occurs 

when the same rule is applied more than once in the derivation of 

a sentence and it occurs in the middle of the structure. For ex

ample, the sentence "The rat that the cat that the dog worried kil

led ate the malt" is a self-embedded sentence. "Right-recursive" 

constructions are ones in which the same rule is applied over again 

but towards the right-hand end of the structure, e.g., "John called 

the man who sold the car that won the race that was on television." 

Miller (1962) reports an experiment where subjects learned 

right-recursive and self-embedded sentences. The fact that self-

embedded constructions were more difficult to learn seemed to in

dicate that these kinds of constructions place heavier demands 

on the temporary storage capacity of the subjects than right-recur

sive constructions. Qualitatively, it was observed that subjects 
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gave self-embedded constructions the intonation pattern of unrelated 

phrases when first trying to repeat them and that the number of 

"items" repeated would usually be close to the span of immediate 

memory. 

Miller and Isard (1963) had subjects memorize several sen

tences that differed in degree of self-embedding. It was found that 

everyone could manage one embedding but that all subjects had trouble 

with three or more. Records of the eye movements of subjects read

ing self-embedded sentences revealed that the trouble began with 

the long string of verbs. The data was interpreted as indicating 

that humans do not make provision for a sub-routine which refers 

to itself, i.e., that a person's information-processing machinery 

is limited in its ability to handle information presented in cer

tain ways. 

Victor Yngve (1962) has proposed a model of language struc

ture which allows for the limitations of memory. He assumes that all 

rewrite rules are binary (no construction can be expanded into more 

than two other constructions by one rule) and that the process of 

producing a sentence is one of successively expanding constructions 

until every construction is either expanded into two other construc

tions or is filled in with words. The computer program he has devel

oped operates with remembered "nodes", i.e., "Each time the computer 

embarks .on the beginning of a construction (for example, a subject) 

it stores a remembered node (such as a predicate) so that it will 

be sure to follow the first part of the construction by an appropri
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ate second part" (p. 72) Since sentence production is a temporal 

matter, the "left" parts of a sentence must be filled in before 

the "right" parts. If there are many left-handed expansions to 

be performed, the number of remembered nodes (the "depth" of the 

construction) is great and the time before expansion of the right-

hand parts is increased. Thus, one would run the risk of "forget

ting" part of the sentence. Yngve suggests that transformations 

are devises mainly useful in enabling us to avoid excessive gram

matical depth. 

Miller favors the idea that we have a scheme for manufac

turing simple, active, declarative sentences but that we can apply 

rules of transformation to change them from active to passive or 

from declarative to interrogative, or from affirmative to negative, 

or to combine them, etc. In testing some of the psychological im

plications of this notion he has developed a sentence-matching test 

based on the assumption that the more complicated a transformation 

is, the longer it will take people to perform it. The test is com

posed of two lists of sentences: one composed of kernal sentences 

and one composed of various transformations of these kernals. After 

illustrating the transformation desired, subjects are asked to find 

the transformed sentence and pair it with the kernal (or vice versa). 

As a control, sentences in one column are matched with identical sen

tences in another column. Subtracting the time spent searching and 

writing (control) from the total time gives an estimate of the time 

required to recognize, analyze and transform the sentences. The 



results, for 60 subjects, indicate simple negative transforms (or 

the inverse) are easiest, passives slightly longer and passive-

negative (two-step) and negative to passive longest. These results 

suggest that two steps are required to go between kernals and pas

sive-negatives or between passives and negatives. That is, trans

formations may be independently applied to kernals in a serial 

fashion. 

Jacques Mehler (1963) presented subjects with a list of sen

tences to learn that were composed of different kinds of transforms. 

He was testing the hypothesis that subjects analyze sentences into 

a semantic component plus a syntactic correction when they learn 

them and that this is one reason the general meaning of a message 

is easier to recall than its exact wording. He found that subjects 

did, in fact, remember the sentences but that they altered the syn

tactic form. Miller (1962) derived an equation for the probability 

of recall with î  syntactic errors based upon the assumptions that 

the sentences in Mehler's experiment were recoded and that each of 

the components of the kernal-plus-code (i.e., the kernal sentence 

and each of the transforms) was remembered correctly and incorrectly 

independently of the others. The results fit the data quite well. 

Gough (1965) hypothesized that the hearer of a complex sen

tence must transform it into a kernal before understanding it and 

that the speed of understanding would vary with the number and na

ture of the transformations separating it from the kemal. Sen

tences of varying grammatical form were presented to subjects who 
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were asked to verify them (by pressing one of two buttons) and the 

speed of verification was taken as an index of the speed of under

standing. Active sentences were found to be verified faster than 

passive, affirmative faster than negative and true faster than false. 

Smith (1965) and Tannenbaum, Evans and Williams (1964) did similar 

experiments but found only partial support for the hypothesis. 

The theory that is emerging from these studies is, more or 

less, a direct outgrowth of linguistic notions. On the output side, 

sentence generation is seen as the translation of a high order en

coding unit into two or more lower order units by a sequence of 

decoding operations which correspond to phrase-structure rules. 

Short-term retention appears to be involved in these decoding opera

tions in some manner, although the precise nature of this involve

ment is still obscure. Transformational operations, it is sug

gested, are applied independently to the abstract structure result

ing from the application of phrase-structure operations. On the 

input side, the listener presumably organizes speech sounds into 

units larger than individual words (possibly linguistic constituents) 

and submits these units to further operations which yield what 

might be called an "idea". 



VERBAL LEARNING AND SYNTACTIC STRUCTURE 

SYNFAXi The Syntactic Facilitation of Verbal Learning 

Another approach to the psychological processes underlying 

our grammatical facility is through the effect of syntactical struc

tures on learning. Glanzer (1962) found it easier for subjects to 

learn associations, in a paired associate experiment, between non

sense syllables and content words (nouns, verbs, adjectives, ad

verbs) than between nonsense syllables and function words (pronouns, 

prepositions, conjunctions). When function words were placed in a 

triplet context (e.g., KEX AND WOJ), however, they were learned fas

ter than content words in the same context. When in the triplet con

text the function words apparently form something like a syntactic 

unit. 

Epstein (1961) studied the effect of grammatical "tags" 

(the presence of bound morphemes) by comparing the learning of non

sense syllables with and without tags. That is, a string like "A 

recilful deeb povs his tofents hakly" was compared with a string 

like "A recil deeb pov his tofent hak" in relative ease of learning. 

Tagged strings were found to be learned more easily than untagged 

strings. 
* 

In another experiment, Epstein (1962) studied the effect of 

syntactic structure (the grammatical sequencing of form classes) on 

30 
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the learning of strings of real words and strings of nonsense syl

lables. For example, one group of subjects would learn strings like 

"A oneful four sixes his sevens tenly" and another group would learn 

strings like "Sevens oneful his four tenly a sixes." In both non

sense and meaningful materials syntactic facilitation of learning was 

obtained. Using the results of both experiments, ease of learning 

was in the order: structured and tagged, structured but untagged, 

and tagged but unstructured. 

Forster (1965) replicated Epstein's conditions except that 

free rather than ordered recall was required of the subjects. In 

this case, structured and tagged strings did not differ from struc

tured but untagged strings in ease of learning. He argued from this 

that under free recall conditions the stored information about the 

serial order of the list was irrelevant to performance. The fact 

that these two conditions were superior to tagged but unstructured 

strings in ease of learning was interpreted as indicating that sub

jects need store only stems and not whole items when the material 

is syntactically structured. In another experiment (Forster, 1965), 

it was found that when both structure and grammatical tagging were 

eliminated (e.g., tofent recil his deeb hak a pov) such materials 

were learned less easily than structured and tagged or structured 

and untagged strings. But unstructured and tagged strings were the 

most difficult to leam. Somehow the presence of such tags further 

complicates scrambled strings — perhaps by providing false cues. 
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Epstein (1962) replicated his previous conditions but 

changed the method of presentation to serial presentation (of individ

ual words) and the method of recall to anticipation after each word. 

Syntactic facilitation of learning (SYNFAX) was not observed in either 

meaningful or nonsense materials. He concluded from this that SYNFAX 

cannot be due to "predictive integrations" or any other left-to-right 

probabalistic determinism, since such mechanisms should be least af

fected by the serial anticipation method. 

Forster (1965) did much the same thing as Epstein, comparing 

structured and tagged nonsense with unstructured but tagged nonsense, 

under conditions of serial presentation but with recall at the end 

rather than anticipation after each item. Again there was no evi

dence for SYNFAX. 

In order to test the hypothesis that the method of presen

tation could affect the learning strategy which could be applied, 

Forster (1965) instructed subjects that some of the sequences they 

were to learn would be grammatically structured and some would not. 

With the same serial presentation method used in the previous experi

ment, SYNFAX was greater than in the original experiment (which used 

complete presentation and free recall). Osgood (1964) believes, 

nevertheless, that predictive integrations between form classes are 

operating and that, as the time interval between items is reduced, 

SYNFAX will increase progressively. 

In a final experiment, Epstein (1963) compared structured 

and unstructured strings, as in his earlier experiments, but after 
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subjects had learned the strings to one perfect recall, they were 

immediately required to relearn them in reverse order. As pre

dicted, structured materials were easier to leam in the forward 

direction but were harder to relearn in the backward order. 

Marks and Miller (1964) had subjects learn normal sentences, 

anomalous sentences (syntactically correct but semantically improb

able) , anagram strings (incorrect syntax achieved by scrambling the 

word order in normal sentences), and word lists (scrambled order in 

the anomalous strings). They found both syntax and semantics aided 

learning and that the errors which occurred could be classified into 

two corresponding categories. 

Epstein concluded his 1961 article with three alternative ex

planations of how syntactic structure and grammatical tagging exert 

their effects: (1) SYNFAX is due to the operation of predictive inte

grations among form classes cued both by word order and by form class 

tags. Such predictive mechanisms, operating on a left-to-right basis, 

a*e congruent with some subsequent choices but not others, hence the 

facilitation. This is the explanation favored by Osgood (1964). (2) 

SYNFAX is due to recoding of the material into "chunks" that are smal

ler than the number of items. Syntactic structure provides the ob

vious basis for such recoding, when structure is present. (3) SYNFAX 

is due to the strategy of learning employed by the subject. Faced 

with an obviously random set of materials the subject opts for a rote 

rather than some rational strategy. Epstein seemed to favor the last 

alternative in his 1963 article. He referred to a "temporal schema" 



(meaning the "....syntactic constraints placed on the temporal or

dering of the individual items within a structured series" (p. 157)) 

that is apparently developed via language learning and is drawn into 

use in learning syntactic material. He offered the following conjec

ture on the basis of serial position curves obtained in his series 

of experiments: most subjects use a progressive-acquisition 

strategy regardless of the nature of the material, i.e., subjects 

attempt to memorize the items in the order in which they are found 

in the strings. "The result of this presumed congruence between 

method of acquisition and nature of the material should be more 

rapid acquisition" (p. 163). He hypothesized that the superiority 

of structured material would be reduced if the emphasis on order 

which appeared in the instructions was eliminated. 

Forster has elaborated a recoding theory according to which 

subjects ordinarily store both lexical stems of words and a struc

tural analysis inferred from function words, form class ordering and 

grammatical tags. Given a structural analysis, the subject need not 

store whole items, but merely the stems and grammatical rewrite rules 

determined by their position in the structure. The standard syntac

tic rules are presumably in a kind of permanent storage, and thus 

do not need to be learned for each string. The two facilitative 

effects are: (1) subjects need not store entire items, just stems; 

(2) Subjects need not store any information about the serial order 

of the list since this is generated by the structural analysis. Un

structured strings require the subject to store all items entirely 
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along with notations as to their serial order. The presence of 

grammatical tags should facilitate learning since they provide 

unambiguous cues as to structure. However, the presence of tags 

in unstructured strings could provide false cues and thus result 

in a kind of syntactic interference. 

Cofer (1961) reports that, in data he has of subjects learn

ing prose stories, the subjects remembered the material in abbre

viated form and made sentences out of what they remembered as they 

recited. There were no omissions on the major words; most of the 

errors which did occur were changes in verb form or the substitution 

of synonyms. Minor words were often omitted and were learned slower 

than major words. 

King and Cofer (1960) found that, after two presentations, 

recall was better for a story which had few adjectives modifying 

nouns than it was for the same story (of the same length) when it 

had many adjectives modifying the nouns. They believe that the 

subjects probably attended to only certain words and built their 

recall from these words by filling in on the basis of associations 

and generalized habits. Since the scoring was for common content 

words (nouns and verbs), however, the many adjectives must have had 

an interfering effect. 

Deese (1961) has a similar view: 

The recall of sequentially contingent verbal material.... 
duplicates the process of remembering described by Bart-
lett (1932) as opposed to the recall of material that 
is only associatively organized. The recall of (syn
tactic) material is in part at least a constructive 



36 

process, i.e., something is manufactured by the subject 
doing the recalling, and the raw material for his manu
facturing comes from his appreciation of the language 
after which the sequential pattern was modeled. In the 
case of purely associative material, the subject emits 
the content of his verbal organization without con
structing something which models the pattern of the 
language he is speaking (p. 26). 

Deese also observes that abbreviated English is often found in stu

dents' class notes and in the notes they make on blue books. Sla-

mecka (1961) has found that in the rote learning of sentences the 

words forgotten are most often function words. 

The studies of syntactic facilitation of verbal learning re

ported above have suggested some of the processes which may be going 

on in a subject when he is learning grammatical material. It seems 

likely that the structure of the material to be learned influences 

the method by which subjects go about their task, but the exact 

nature of this influence is still unclear. Similarly, it is unclear 

whether syntax augments performance simply by its effect upon order 

or whether there is an added effect due to some kind of "chunking" 

process. One might also ask what effect results when subjects learn 

strings which each have different syntactic structures instead of 

all of them having the same structure. The experiment to be des

cribed below was designed to clarify some of these issues. First, 

however, a model will be described which deals with verbal learning 

at the level of information processes. 



37 

Verbal Learning as an Information Processing Task 

One of the things pointed up by syntactic phenomena is the 

inability of the usual learning models to deal with it in a very 

adequate or convincing way. Behind the overtly expressed sequences 

of elements there must exist a complex set of processes which can 

only be inferred from the final results of their activity. Adding 

to the difficulty is the probability that "built-in" mechanisms 

exist for the handling of verbal information. It seems likely, 

therefore, that a description of the language user must be mental-

istic (Katz, 1964) and that the concepts must have more the charac

ter of hypothetical cognitive processes than, say, conditioned sti

muli or conditioned responses. 

An approach to human mental processes that is gaining more 

and more attention, and one that seems to hold considerable promise, 

is that suggested by attempts to simulate human problem solving on 

electronic computers. In general, these models conceive of the or

ganism as a set of effectors. a set of receptors and a set of con

trols which join the two. Most problems of sensory and motor pro

cesses are avoided, however, so that what is really considered is 

the control system. This system is said to consist of a number of 

memories containing symbolized information, a number of primitive 

information processes which operate on the information in the 

memories (e.g., store information or manipulate symbols), and a set 

of rules for combining these processes into whole programs of 



38 

processing. 

Newell, Shaw and Simon (1958) believe that the most appro

priate way to describe an instance of problem-solving behavior is 

to specify what a system will do in terms of the elementary infor

mation processes it has at its disposal. Thus, in their "Logic 

Theorist" program they incorporate a set of elementary processes 

and arrange them in. a sufficiently effective way to discover proofs 

for theorems in elementary symbolic logic. The fact that the pro

gram "works" (in the sense that it can produce behavior that cor

responds to the actual behavior of certain human subjects solving 

the same problems) is taken as confirmatory evidence for a psycho

logical theory which embodies mechanisms with the specified infor

mation processing characteristics and organization. 

It should be noted that this method is not at all dependent 

upon computers. "Such programs could be written (now that we have 

discovered how to do it) if computers had never existed" (p. 153). 

The main value of the computer is that it forces a more profound 

understanding of the characteristics a mechanism must possess if 

it is to carry out complex information processing tasks. 

This kind of model gives a more complex and active view of 

central nervous system activity than that yielded by most associative 

theories. And it provides for the ability of the system to respond 

in complex and highly selective ways to relatively simple stimuli. 

Feigenbaum and Simon (1962), following this tact, have devel

oped a model for the information processes underlying human verbal 
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learning in serial learning tasks. The EPAM model (Elementary 

Perceiver and Memorizer) conceives of the brain as an information 

processor with sense organs as input channels, effector organs 

as output devises, and with internal programs for testing, com

paring, analyzing, rearranging, and storing information. The 

basic unit, the information symbol, is characterized as a pat

tern of "bits" and is assumed to be the brains internal repre

sentation of environmental data. 

Certain elementary information processes must be perfor

med, it is assumed, if an individual is to discriminate, memorize 

and associate verbal items. One set of information processes -

the macroprocesses - deals with the organization of the total 

learning task. Another set, the microprocesses. carries out the 

learning of individual items. 

The fundamental assumptions of the macroprocesses are: 

1. Serial mechanism. The central processing mechan
ism operates serially and is capable of doing only one 
thing at a time. Thus, if many things demand proces
sing activity from the central processing mechanism, 
they must share the total processing time available. 
This means that the total time required to memorize 
a collection of items, when there is no interaction 
among them, will be the sum of the times of the in
dividual items.... 
2. Average unit processing time per syllable. The 
fixation of an item on a serial list requires the 
execution of a sequence of information processes 
that requires, for a given set of experimental con
ditions, a definite amount of processing time per 
syllable.... 
3. Immediate memory. There exists in the central 
processing mechanism an immediate memory of limi
ted size capable of storing information tempor
arily; and all access to an item by the learning 
processes must be through the immediate memory. 



....We postulate that each symbol stored separately 
In the Immediate memory must be a familiar, well 
learned symbol. For unfamiliar nonsense syllable 
materials, the familiar symbols are the letters. 
Thus-, for the three letter nonsense syllables or
dinarily used, we postulate that the immediate 
memory has the capacity to hold two syllables (six 
letters). 
4. Anchor points. In the absence of counter
vailing conditions .... the information proces
sing will be carried out in a relatively systematic 
and orderly way which will limit the demands that 
are placed on the small immediate memory. This 
postulate is related to the generalization, which 
Bruner and his associates (1956) have tested in 
certain concept-forming experiments, that sub
jects develop strategies for limiting the "cog
nitive strain" involved in concept formation, 
and that these strategies involve handling newly 
acquired information in a systematic and orderly 
way. 

We assume that subjects learning the 
syllables of a serial list will reduce the demands 
on memory by treating the ends of the list as 
"anchor points", and by learning the syllables 
in an orderly sequence, starting from these an
chor points and working toward the middle. This 
procedure reduces demands on memory because, at 
each stage of the learning task, the next syllable 
to be learned is readily identified as being ad
jacent to a syllable that has already been learned. 
Thus, no special information about position in 
list needs to be remembered. 
4a. Processing sequence. We postulate the fol
lowing information processing strategy for or
ganizing the serial learning task using anchor 
points: (a) the first two items presented in 
the experiment are learned first; (b) attention 
is next focused for learning on an item immediately 
adjacent to an anchor point. (In the ordinary 
serial list, this will be the third item or the 
last.) The probability that any specific item 
adjacent to an anchor point will be selected for 
learning is 1/p, where p is the number of anchor 
points ....; (c) attention is focused, and learn
ing proceeds, item by item in this orderly fashion 
until the criterion trial is completed. (Feigen-
baum and Simon, 1962, p. 310-311) 
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These assumptions have proved sufficient to generate the serial 

position curve in both the ordinary serial learning task and in 

a task where the total list was perceptually divided into two 

smaller sublists (by printing one half in black and the other 

half in red), as well as to account for various other phenomena 

associated with serial learning (Simon and Feigenbaum, 1964). 

The predictions are independent of the microprocesses, i.e., all 

that is required is the assumption that in order for a connexion 

between a stimulus and a response to be formed, a certain (un

specified) sequence of elementary processes needs to be carried 

out, and that the execution of this sequence requires a definite 

interval of time. 

The function of the macroprocesses is to focus the atten

tion of the microprocesses successively on the stimulus-response 

item pairs which comprise the learning task. The microprocesses, 

on the other hand, are comprised of learning and performance pro

cesses. The main memory structure, which the performance processes 

use and the learning processes construct, is the discrimination net. 

It is a sorting tree or decoding network that embodies in its struc

ture at any moment all of the discrimination learning that has taken 

place up to that time. At the terminal nodes of the net are stored 

image lists in which symbolic information can be stored. At the 

nonterminal nodes of the net are stored programs, called tests, 

which examine characteristics of an input code and signal which 

branch of the net to follow (see Figure 2). 
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FIGURE 2. DISCRIMINATION NET with the CAPACITY to DISCRIMINATE 
EIGHT ALTERNATIVES. 

The terminal symbols, designated by an "s" and a subscript, 
represent stored Information about stimuli. The non-terminal nodes 
of the net, designated by encircled "T"s, represent tests which 
differentiate alternative stimulus codes. 
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The internal image of a stimulus is retrieved by sorting 

the encoding of the stimulus down through the discrimination tests 

of the net to the appropriate terminal where information associated 

with that stimulus is also stored. This associated information is 

conceptualized as a "response cue" and is decoded in another net to 

find the response image, the stored form of the response. Thus, the 

retrieval process involves sorting the stimulus code to a terminal 

node which contains response information, sorting this information 

to find a response image and then decoding this symbol into output 

form. 

There are assumed to be two learning processes in EPAM: 

discrimination learning and association learning. The discrim

ination learning process "grows" the net, i.e., if there is con

fusion (errors) at a terminal node, new tests are added to the net 

("branch growing"). Association learning is accomplished by stor

ing with the stimulus image some of the coded information about the 

response. This information, the cue, is of the same form as an in

put code, but generally contains less information than an input 

code. The association process determines how much information is 

sufficient by trial and error. 

The EPAM model is very attractive in a number of respects. 

Besides being able to generate serial position curves under various 

conditions, it accounts for the observation that a subject may be 

able to give a correct response at one time while later not being 

able to do so. This is because the discrimination net can grow to 



encompass new images being added to memory so that a cue which 

previously was sufficient to correctly retrieve a response image 

may no longer be sufficient. The model is also able to account for 

the more or less direct relationship between amount of information 

in a series and the learning time per item: as the number of alter

native items increase the learning time per item increases. Simi

larly, in well learned lists of responses to nonsense figures the 

reaction time (or "access" time) was found to be a direct function 

of the number of "bits" of information in the series (Morin, 1962) . 

Both of these observations relate to the notion that memory is or

ganized in a manner similar to a discrimination net and that the 

number of "tests" depends upon the number of items in memory. 

There is evidence which conflicts with parts of the model, 

however. Waugh and Norman (1965), for example, find that the 

critical variable which limits short-term memory is not time per se, 

but rather the amount of information or the number of events which 

it is capable of encompassing — regardless of the time they take 

to occur. Thus, items in short-term memory can be displaced or 

lost by the subsequent arrival of other items which overload its 

capacity. Waugh and Norman have formulated a theory relating short-

term and longer-term memory: information in the short-term store 

is assumed to be transferred to the secondary store with a fixed 

probability only if it is rehearsed. "Rehearsal" is defined very 

generally as the "....recall of a verbal item — either immediate 

or delayed, silent or overt, deliberate or involuntary. rThe initial 
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perception of a stimulus probably must also qualify as a rehearsal" 

(p. 92). Using this model, and the assumption that items may be re

called from either the short-term or the secondary store, they are 

able to predict the probability of recalling an item which has been 

followed by 1̂  subsequent items in a number of different experiments. 

There is also evidence that the "cue" which elicits memory 

elements is not of an obviously physical sort, as is implied in EPAM. 

Some studies of the functional stimulus in verbal learning find the 

cue to be the preceeding item while others find the functional 

stimulus to be the two preceeding items, temporal order or spatial 

position (Underwood, 1963; Shepard, 1963). McGuire (1961) has 

performed an experiment which is suggestive of the processes which 

may be taking place. He had subjects learn number responses to 

nine circles varying in size. The numbers were assigned to the cir

cles in order or at random. Large differences in ease of learning 

were found, the ordered series being easier, of course. In this 

case the subject may have imposed a kind of structure upon the 

materials, perhaps forming a "mental linear array," which somehow 

aided recall. 

Postman (1954) has also presented evidence showing that 

subjects are able to reconstruct memory material on the basis of 

incompletely remembered stimulus information if they have learned 

the rules of organization of the material. 

An example is also provided by a familiar mnemonic devise. 

A person first has the structure: one is a bun, two is a shoe, 



three is a tree, four is a door, etc.. That is, he has, as given, 

a sequence of numbers and a rhyming associate to each. He then takes 

his items to be memorized and makes an absurd association between 

each one and the rhyming item in his memory structure. In recall he 

just has to go through the numbers, generate the rhyming term and 

use this term to retrieve the corresponding item to be remembered. 

In this case, the sequencing of the responses is given in the struc

ture of the number system and the cue used in recall is generated 

by the subject himself. 

All of this suggests that recall is often of a "mediate" 

rather than an immediate sort and that the cue which is decoded can 

often be produced by the subject himself. Woodworth (1938) reports 

an experiment in which subjects were presented once with pairs of 

related words, e.g., "epic-hero," "lion-king." Direct recall in

volving no intermediary elements was infrequent. One class of 

intermediaries was that involving a relationship perceived between 

the two words when they were first seen. Another class of inter

mediaries is of special interest here: images and ideas were often 

suggested by the stimulus word though not previously used in learn-' 

ing the pair. In other words, the subject formed a "hypothesis" 

about what "should" be in his memory on the basis of characteristics 

of the stimulus word and, apparently, actively searched his memory 

for the response word. 

Some experiments suggest that "set" is a function of how 

memory is searched rather than of how items enter into memory. 



Lawrence and Coles (1954) and Lawrence and Lafierge (1956) had sub

jects report the values of particular dimensions of cards chosen 

from the Wisconsin Card Sorting Task. Accuracy of report on a 

particular dimension could be increased by giving the subjects a 

"set" to report a dimension. The set could be induced either be

fore or after the stimuli had been presented. This suggests that 

a constant amount of information is stored, more than a subject 

can recall. But at any one time there is a limited amount of in

formation that can be reported unless the subject's method of 

searching his memory is biased. 

Yntema and Trask (1963) have elaborated a theory of recall 

as a "search process". A person is regarded as consisting of 1) a 

memory and 2) a processor. Memory is assumed to contain items of 

information each of which bears a number of "tags" that describe it 

and show how it is related to other items in memory. The processor 

is the unit responsible for obeying the instructions that the sub

ject gives to himself. In recall, the processor is assumed to 

search through memory, inspecting and testing the items and their 

tags, in order to find the answer to the "question" the experi

menter has posed for the subject. For example, in an experiment 

where the subject is read two lists, the second of which has a word 

missing from the first list, the subject is asked to respond with 

the missing item. Since he can, it is necessary to assume some sort 

of data processing mechanism which intervenes between memory and 

overt response. The authors refer to an experiment in which subjects 



were presented six items (digits) two at a time, one to one ear and 

one to the other. Retrieval was easiest if taken "ear by ear" be

cause, according to Yntema and Trask, the items had no other charac

teristics (tags) that so neatly divided them into two groups with

in which the processor could proceed in temporal order. They did a 

similar experiment except that six words were paired with six digits 

and the side on which the word appeared varied randomly from pair 

to pair. Recall was greater when the subject was instructed to 

report items of one type and then items of the other type. (Sides 

were greater than reporting pairs). Gray and Wedderbom (1960) 

presented three word sentences, one word presented simultaneously 

with a digit and the words alternating between ears. Alternation 

in recall was best when the subjects were instructed to group the 

words into sentences. 

Yntema and Trask suggest the possibility that items in 

memory may carry "time-tags" that the processor can examine in 

order to determine which occurred more recently. They gave sub

jects a long series of words, alternately seeing new words and 

judging which of two had been seen more recently. Results showed 

discrimination of recency was not sensitive but that it extended 

far beyond the memory span. 

The "units" upon which EPAM operates are the output of a 

perceptual system which converts raw external information into in

ternal symbols. The program was specifically developed for non

sense syllable learning and it was assumed that the coding for such 
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items was done in terms of individual letters, i.e., the internal rep

resentation consisted of a list of symbols containing descriptive in

formation about the letters of the nonsense syllables. This appears 

intuitively inadequate for handling meaningful material or material 

that is syntactically structured. It seems more reasonable to sup

pose that the description of the stimulus as it is represented inter

nally is of a different sort in the latter materials, possibly re

sulting from different kinds of cognitive processes. 

Whatever the source of the internal symbols, the effect seems 

to occur prior to transfer of information to any secondary store. 

The capacity of short-term memory varies with meaningfulness and 

with (familiar) structure. That is, one may be able to retain seven 

randomly arranged letters, but if the letters are arranged into words 

this number increases markedly. And if words are arranged grammati

cally the storage capacity may increase still farther. This increase 

is only in terms of letters, however. The number of "things" re

tained seems to be relativiely constant, i.e., seven letters, seven 

digits, seven words, and possibly, seven syntactic units (Miller, 

1962). 

All of this points towards some kind of "recoding" process 

that is able to describe external events with fewer symbols than 

would be required if the material was not meaningful or not struc

tured . 

How might this process come about? Although they did not 

address themselves specifically to this problem, Halle and Stevens 



(1964) present a way of looking at speech recognition which may be 

valuable. They suggest that a listener recognizes what he hears by 

comparing it with some internal representation. To the extent that 

a match can be obtained, the input is accepted and interpreted. 

Since a person must be able to recognize any one of an enormous 

number of different sentences, however, it is hard to believe that 

a separate internal representation for each could be stored in 

memory in advance. They suggest that the internal representations 

are generated as needed by the same rules that are normally used in 

producing speech. The process is presumed to occur something like 

this: first the listener guesses about the input and generates an 

internal matching signal. This first guess probably is based on 

syntactic markers in the form of intonation, inflection, suffixes, 

etc., and in part from knowledge of the situational context. If 

this guess is wrong an error signal arises and is used as a basis 

for a next guess. The cycle repeats until a satisfactory match is 

obtained at which point a new segment of speech is processed. 

Carrying this thinking a little further, one might assume 

that a person's generative machinery (or some component of it) is 

organized in a hierarchical fashion, somewhat like the linguists' 

generative grammar. As one ascends the hierarchy, the symbols at 

each level incorporate a number of lower level symbols ("sub

routines") . For example, a symbol representing a word may include 

lower order symbols representing syllables (or phonemes) which in 
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turn may include subroutines representing muscular movements. In 

generating an internal representation, the generative mechanism 

could be "activated" at a level where the most information is repre

sented by the fewest symbols, and these symbols could be what is read 

into short-term memory. In other words, the subject gives the raw 

input the most general and parsimonious description possible (in 

terms of number of internal symbols), and this "description" is 

what is stored in memory. Marks and Miller (1964) suggest that such 

"chunking" occurs on the basis of grammatical structure, even if the 

structural sequence is not semantically probable. 



THE MODEL AND HYPOTHESES 

For some purposes, such as the computer simulation of 

behavior, a model must be stated in a completely formal and ex

plicit manner, listing in advance all the assumptions and logi

cally necessary steps. For other purposes, however, a less formal 

exposition will suffice, complete explicitness not even being 

attempted. The present sketch of a model for the information 

processes underlying the learning of structured verbal material 

is considered to be of the latter type; its purpose is mainly 

heuristic. 

First of all, the overall behavior of a subject in learn

ing a series of strings of verbal items is assumed to be governed 

by a set of strategies or rules of procedure which organize the 

learning task such that the demands placed upon the elementary 

information processes are reduced to manageable proportions. 

Since there are a series of perceptually discrete strings, one 

can speak of "within string strategies" and "between-string 

strategies." The former refers to the way the subject proceeds 

to store information within the boundries of a string of items while 

the latter refers to the manner in which the subject handles the 

series of strings as a whole. Thus, for example, a person might 

use an "anchor-point strategy" for the series as a whole, learn

ing the last and first strings first and then filling in the middle 

52 
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strings. Within each string, however, he might proceed from left to 

right using a "progressive-acquisition strategy." 

There are assumed to be at least two memory stores in this 

model. One of these stores (Immediate Memory or IM) is of. small 

capacity, capable of retaining only a limited amount of information. 

The information in IM is subject to displacement by any additional 

input which overloads the capacity of this system. 

The information which enters IM is assumed to be generated by 

the subject himself in the form of internal representations, or sym

bols, of external events. These "generative symbols" may be the re

sult of any of a number of cognitive processes. In the case of verbal 

learning it is assumed that the symbols comprise descriptive informa

tion about the stimulus and about the situational context in which it 

occurs. The "size" of the units which are in IM depend upon the 

ability of the generative machinery to represent the input with a 

given number of symbols. The syntactic component of grammatically 

structured material is assumed to be representable by fewer symbols 

than when the same material is unstructured. 

Information in IM is transferred to a more stable store, the 

Working Memory (WM) , by rehearsal. "Rehearsal" is defined in a 

general way as the generation of an internal representation of the 

s timulus. 

Information entering WM is stored in an organized fashion 

by the discrimination learning processes. These processes 
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establish "tests" which differentiate the items in WM from one 

another on the basis of differences in code. When a syntactic 

description is possible, it is suggested that some of these tests 

are for grammatical characteristics. The result of discrimination 

learning is a memory structure that "locates" the items in terms of 

the minimal number of tests required to differentiate the items from 

one another. 

Retrieval of information in WM is accomplished by generating 

as much of the internal representation as possible on the basis of 

grammatical facility, "knowledge of where one is" in recall, etc., 

and decoding this information to find the stored symbols. 

Although this model is confined to a particular experimental 

situation, it is suggested that a subject's activity in this context 

corresponds in some ways to the manner in which he goes about 

creating sentences in everyday life. The main point of articulation 

would seem to be in the recall process where, it is assumed, the 

subject uses "cues" produced by various cognitive systems to find 

items in memory. The selection of verbal elements in the ordinary 

formulation of an utterance may come about in a somewhat similar 

fashion. Suppose, for example, that there are (at least) two 

levels of selection; selection of a grammatical construction 

(including form classes), and selection of lexical elements to 

fit into the construction. The internal representation of the 

construction, when "expanded", provides a set of cues which can 



be added to the other components of the situation and used to find 

the proper lexical element. 

The following hypotheses are felt to be consistent with 

the model: 

1. Syntactic structure has a facilitating effect upon ver

bal learning beyond merely providing for the ordering 

of responses. In a free recall task (where the order 

of responding is irrelevant to performance) one would 

then expect to find fewer errors of omission for syn

tactically structured material than for unstructured 

material. There are two possible reasons for this: 

a) "Chunking" may occur on the basis of grammatical 

structure. If this is correct, the average "size" 

of the segments which are added per trial should 

be larger in structured material than in unstruc

tured material. According to Marks and Miller 

(1964), the number of strings that are completely 

correct should also be higher in structured 

material, even if the material does not "make 

sense" as a whole. 

b) If syntactic "cues" are generated in recall, they 

could bias the subject's method of searching his 

memory, giving a greater probability of correct 

recall. That is, the existence of these cues (and 

of a memory structure which incorporates tests for 
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them) would make it easier to "find" the correct 

response. If syntactic cues are, in fact, generated 

by some process corresponding to phrase-structure 

expansion rules, one would then expect to find more 

order in the recall of structured as opposed to 

unstructured material, i.e., there should be fewer 

errors involving inversion of word order. 

Syntactic structure reduces the number of alternative . 

morphophonemic rules that can be applied to any given 

"stem". For example, the term "care" can take the 

endings "-d". "-s", "-ful", "-less" and probably several 

others. If it is characterized as an adjective in the 

syntactic representation, however, there would only be 

a few of these which could possibly apply. Thus, one 

would expect fewer bound-morpheme errors in syntactically 

structured material than in unstructured material. 

Syntactic "cues" should reduce the number of alternative 

locations in the memory structure where an item can be 

and therefore increase the probability of selecting the 

correct response. Where syntactic cues are absent, 

selection could take place from a larger "pool" of 

items in memory. Between-string substitutions (errors 

involving the misplacement of an item from one string 

to another) would thus be expected to be greater in 

unstructured as opposed to structured materials. When 
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between-string errors do occur in structured material, 

however, they should have the same syntactic code, 

e.g., belong to the same form class. 

4. In a series where each string has a different grammatical 

characterization, syntactic representations at the sen

tence level may be differentiated from each other in the 

memory structure. This is not possible, obviously, in a 

series containing strings with identical syntactic struc

tures. In the latter case the differentiation must take 

place on the basis of other characteristics. Therefore, 

one would expect fewer between-string substitutions in a 

series of strings having different grammatical structures. 

There may be more errors involving the substitution of 

whole strings, however. 

The model provides no basis for expecting differences in the 

processing sequences (strategies) that subjects might use in memoriz

ing structured and unstructured strings. All it states is that such 

procedures exist and can be of different types. Therefore, the tact 

for examining strategies is of the "Let's see what happens" variety. 

Intuitively, it seems likely that subjects will treat the strings as 

units in a series and adopt an anchor-point strategy for the series 

as a whole. One might expect greater "bowing" in the serial position 

curves for structured strings, however, if syntactic structure aids 

short-term retention. This is because during the inter-trial 
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interval subjects could rehearse a greater proportion of the last 

string, learn it faster and proceed to the next to the last string 

sooner. 

The principle strategies that suggest themselves for the 

items within a string are "progressive-acquisition," "anchor-

point," and "whole-string-at-a-time." Others, of course, are 

possible. The subject could begin on the right and proceed to the 

left side, or he could start in the middle of a string and work to

wards the ends. It is suspected, however, that with syntactic struc

ture introduced the subject will use a progressive acquisition 

strategy or a whole-string-at-a-time strategy since these would 

allow for easier coding of the items. In unstructured strings it 

may be more likely that subjects will use other strategies since 

grammatical coding is of no importance. Deese (1957) found that 

for randomly arranged words a serial position curve appeared which 

was primarily indicative of recency, while with sequential organi

zation introduced the curve shifted to show more effects of pri

macy. Epstein (1963), however, suggests that subjects use progres

sive-acquisition strategies regardless of the nature of the material 

as long as it is presented in a left-to-right fashion. 



METHOD 

Subjects 

The subjects for this experiment were 30 volunteers from 

a course in introductory psychology at Foothill Junior College, 

Los Altos, California. Subjects were assigned to three experi

mental conditions according to a table of random numbers with the 

restriction that equal numbers of male and female subjects appear 

in each group. 

Materials 

Six sets of verbal materials were constructed, three sets 

being composed of low-frequency English words and three sets being 

composed of sixty percent association value nonsense syllables. 

The twenty-five words used were obtained from a similar experiment 

by Marks and Miller (1964) and the twenty-five nonsense syllables 

were obtained from the Handbook of Experimental Psychology (Stevens, 

1951). 

In Condition I the items were arranged into five strings of 

five items each, all strings having identical syntactic structures 

(adjective-plural noun-verb-adjective-plural noun). Structure was 

achieved in nonsense materials by adding bound morphemes that were 

unambiguous with respect to form class membership. 
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In Condition II items were selected so that each of the five 

strings had different syntactic structures. In order to do this, 

and stay within the limit of five words, it was necessary to replace 

an adjective with a function word in three of the strings. One of 

the strings in Condition II was identical to one of the strings in 

Condition I and occurred in the same place on the list. 

In Condition III the items within each string of Condition I 

were scrambled according to a table of random numbers so that there 

was no syntactic structure of a normal sort. 

The strings of real words in Conditions I and II did not 

"make sense" as a whole because highly improbable combinations were 

used, e.g., "Noisy Appraisals Choose Prudish Battles." 

The number and kind of bound morphemes were the same for 

nonsense and meaningful strings. Thus, "TAVY LIRSKES WUMISH POGS" 

corresponded to "NOISY APPRAISALS CHOOSE PRUDDISH BATTLES". The 

materials used are presented in full in the Appendix. 

Procedure 

Individual subjects sat before a desk upon which there was 

a memory drum and were read the following instructions: 

In this experiment there are five different strings of 
words (nonsense syllables) that will appear for a brief 
time in this window. Your task will be to memorize them. 
(A card with a sample of randomly organized items was 
shown). 

Between each string of items there is a number that will 
appear for two "clicks"; of the memory drum. This is the 
signal for you to recall the items in the string that 
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follow it. For example, if the number 7 appeared in the 
window, you would try to report as many of the items in 
the string that follows it as you could. The items do 
not have to be reported in the order in which they appear 
in the string but you may do so if you wish. Guess if 
you have any idea of what the items may be. 

Each string remained in the window of the drum for 3.8 seconds with 

a recall period, therefore, of 7.6 seconds between strings. Between 

the last and the first string (i.e., between trials) there was a 

blank period of 19 seconds. 

After the subjects had learned the series of strings to one 

perfect trial (or after 20 trials) they were switched from nonsense 

material to meaningful material or vice versa. Half of the subjects 

began on real words and half of the subjects began on nonsense 

syllables. 

The experimenter recorded the subjects' responses verbatim 

throughout the trials. 



RESULTS 

Subjects' responses were first scored for number of words 

omitted, number of bound-morpheme errors, number of between-strlng 

substitutions, number of "associative" errors and total number of 

errors. 

The results of the analysis of variance for total errors 

appear in Table 1 and the means are plotted in Figure 3. As one 

would expect, there were significantly more errors in nonsense 

materials than in meaningful materials. The significant meaning-

fulness by order interaction simply indicates transfer effects 

from first learned to second learned materials. (The percent of 

transfer was no greater from nonsense syllables to words than 

from words to nonsense syllables.) 

The expected effect due to syntactic structure did not 

appear for total errors. In fact, Condition I (all strings having 

the same syntactic structure) was inferior to Condition III 

(random arrangement of items) in this sample. Condition II had 

the fewest errors in both nonsense and meaningful materials. How

ever, none of the comparisons between means within a given level 

of meanlngfulness and order proved to be significant when Duncan's 

Multiple Range Test was applied. 

62 
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TABLE 1. Summary of the analysis of variance for total errors.* 

Source 
Sum of 
Squares df 

Mean 
Square F 

Between Ss 252,806.3 29 

Structure (St) 37,975.0 2 18,987.5 2.36 

Order (0) 13,410.2 1 13,410.2 1.66 

St by 0 7,084.2 2 3,542.1 0.44 

error (b) 194,336.9 24 8,097.0 

Within Ss 398,296.0 30 

Meaning-
fulness (M) 226,812.1 1 226,812.1 54.60 (.001) 

M by St 987.1 2 493.5 0.12 

M by 0 70,520.7 1 70,520.7 16.95 (.001) 

M by St by 0 34.4 2 17.2 0.03 

error (w) 99,941.7 24 4,164.2 

Total 651,102.3 .59 

*The numbers in parentheses indicate the level of 
statistical significance. 
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0̂  refers to the order of presentation In which real words were 
learned first and 0£ to the order in which nonsense syllables 
were learned first. 



65 

Similar results were obtained with omissions, although the 

structure variable approached the .05 level of significance with 

this measure (see Table 2 and Figure 4). Only one of the compari

sons between means within a given meaningfulness — order combina

tion achieved statistical significance: nonsense syllables in 

Condition I and Order 1 (nonsense material learned first) generated 

more errors than nonsense syllables in Condition II and Order 1. 

Bound-morpheme errors are errors involving the omission or 

incorrect addition of suffixes. The majority of these were omis

sions of the plural -s_ and of the adjective tags (e.g., -ful). 

Since a response had to occur in order for this type of error to 

be scored, it was expected that this measure would correlate with 

number of omissions. Therefore, an analysis of covariance was 

done on bound-morpheme errors using number of omissions as the 

covariate. The results of this analysis appear in Table 3 and the 

corrected means are plotted in Figure 5. None of the main effects 

or interactions reached statistical significance. A comparison 

of means revealed Condition III as having more errors than Condi

tion II for meaningful words, but only for Order 1. Within nonsense 

materials, Condition II gave significantly fewer errors than Condi

tions I and III in both orders of presentation. 

Between-string substitutions are errors involving misplace

ment of items from one string to another in the group of strings 

being learned. The summary of the analysis of covariance for this 

measure (again using number of omissions as the covariate) appears 
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TABLE 2. Summary of the Analysis of Variance for Errors of 
Omission.* 

Source 
Sum of 
Squares df 

Mean 
Square F 

Between Ss 271,193.7 29 

Structure (St) 53,588.0 2 26,794.0 3.24 (.10) 

Order (0) 15,296.0 1 15,296.0 1.85 

St by 0 4,023.1 2 2,011.6 0.24 

error (b) 198,286.6 24 8,261.9 

Within Ss 285,590.0 30 

Meaning-
fulness (M) 171,521.0 1 171,521.0 91.67 (.001) 

M by St 2,790.5 2 1,395.3 0.75 

M by 0 65,207.2 1 65,207.2 34.85 (.001) 

M by St by 0 1,166.3 2 583.2 0.31 

error (w) 44,905.0 24 1,871.0 

Total 556,783.7 59 

*The numbers In parentheses Indicate the level of 
statistical significance. 
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The identification of the symbols is the same as in 
Figure 3. 
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TABLE 3. Summary of the analysis of covariance for bound-
morpheme errors•* 

Source 
Sum of 
Squares df 

Mean 
Square F 

Between Ss 3,022.4 28 

Structure (St) 498.3 2 249.1 2.44 

Order (0) 169.1 1 169.1 1.66 

St by 0 9.7 2 4.9 0.05 

error (b) 2,345.3 23 101.9 

Within Ss 821.5 29 

Meaning-
fulness (M) 33.9 1 33.9 1.13 

M by St 25.8 2 12.9 0.43 

M by 0 45.8 1 45.8 1.53 

M by St by 0 29.3 2 14.7 0.49 

error (w) 686.7 23 29.9 

Total 3,843.9 57 

*The numbers in parentheses indicate the level of 
statistical significance. 
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The means are corrected for their covariation with number 
of omissions. The identification of the symbols is the same as 
in Figure 3. 
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in Table 4 and the corrected means are plotted In Figure 6. The 

three-way interaction was significant at only the .10 level. 

When means were compared in meaningful items it was found that 

Condition II produced fewer errors than Condition I in both orders 

of presentation and that Condition II was also superior to Condition 

III in Order 1. In nonsense materials, Condition II had fewer 

errors than Conditions I and III in both orders while Condition III 

had fewer errors than Condition I. Nearly all substitutions in 

Conditions I and II could be identified as being of the same form 

class. Substitutions of whole strings did not occur frequently 

enough to make any comparisons. 

The final category of errors which went to make up total 

errors was termed "associative" errors. These were responses which 

bore some logical relationship to the correct responses, e.g., they 

sounded like the correct item (homonyms), had the same meaning 

(synonyms), began with the same letters, etc. Thus, a response like 

"bottles" instead of "battles" would fall into this class. Almost 

all responses which did not fit into the other error classes would 

fit here. 

The summary of the analysis of covariance for associative 

errors appears in Table 5 and the corrected group means are plotted 

in Figure 7. Nonsense material had significantly more errors of 

this type than did real words. This was largely due to the great 
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TABLE 4. Summary of the analysis of covarlance for between-
string substitutions.* 

Source 
Sum of 

. Squares df 
Mean 
Square F 

Between Ss 6,501.3 28 

Structure (St) 62.2 2 31.1 0.11 

Order (0) 21.0 1 21.0 0.08 

St by 0 161.3 2 80.65 0.30 

error (b) 6,256.8 23 272.0 

Within Ss 1,702.6 29 

Meaning-
fulness (M) 2.6 1 2.6 0.05 

M by St 228.5 2 114.3 2.35 

M by 0 40.1 1 40.1 0.83 

M by St by 0 313.1 2 156.6 3.22 (.10) 

error (w) 1,118.3 23 48.6 

Total 8,203.9 57 

*The numbers in parentheses indicate the level of 
statistical significance. 
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TABLE 5. Summary of the analysis of covarlance for 
"associative" errors.* 

Source 
Sum of 
Squares df 

Mean 
Square F 

Between Ss 9,718.0 28 

Structure (St) 626.6 2 313.3 0.83 

Order (0) 161.8 1 161.8 0.43 

St by 0 192.6 2 96.3 0.25 

error (b) 8,737.0 23, 379.9 

Within Ss 8,700.7 29 

Meaning-
fulness (M) 3,503.9 1 3,503.9 21.56 (.001) 

M by St 157.6 2 78.8 0.48 

M by 0 0.0 1 0.0 0.00 

M by St by 0 1,302.8 2 651.4 4.01 (.05) 

error (w) 3,736.4 23 162.5 

Total 18,418.7 57 

*The numbers in parentheses indicate the level of 
statistical significance. 



74 

cc 
o 
cc 
cc 
LU 

lu o 
tao 

0C 66 
U 
QQ 

2 
ID . ' 

-4« 

KO 

STRUCTURE 
FIGURE 7. MEAN NUMBER of "ASSOCIATIVE" ERRORS for the THREE 
TYPES of STRINGS. 

The means are corrected for their covariation with number 
of omissions. The identification of the symbols is the same as 
in Figure 3. 
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number of phonetically similar (but incorrect) responses in the 

nonsense materials, e.g., "bims" instead of "pims" would often 

appear. 

The three-way interaction was also significant at the .05 

level. A comparison of means within each level of meaningfulness 

showed Condition III to have significantly more errors than Condi

tion II for.both orders of presentation. Condition I had more 

errors than Condition II in Order 1 while Condition I had more 

errors than Condition III in Order 2. These results obtained for 

both nonsense and meaningful items. 

The data were next scored for number of inversions. These 

errors involved inversion of word order within a string. Errors 

of this type were scored only when the correct items appeared in 

the string but were in improper order relative to one another. 

Since these scores would seem to depend upon omissions, an analysis 

°f covariance was performed using omissions as the covariate. The 

results of this analysis are presented in Table 6 and the corrected 

means are plotted in Figure 8. 

None of the main effects achieved statistical significance. 

The differences between individual means within each level of 

meaningfulness also did not reach the .05 level of significance. 

Except for the group which learned nonsense items first, however, 

the trend seems to be for greater order in responding (and thus 

fewer inversions) in Condition I and least in Condition III. 
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TABLE 6. Summary of the analysis of covariance for inversions.* 

Source 
Sum of 
Squares df 

Mean 
Square F 

Between Ss 6156.9 28 

Structure (St) 908.2 2 454.1 2.01 

Order (0) 11.7 1 11.7 0.05 

St by 0 48.3 2 24.2 0.11 

error (b) 5188.7 23 225.6 

Within Ss 2483.9 29 

Meaning-
fulness (M) 0.4 1 0.4 0.00 

M by St 289.2 2 144.6 1.61 

M by 0 3.3 1 3.3 0.04 

M by St by 0 90.2 2 45.1 0.49 

error (w) 2100.8 23 91.3 
• 

Total 8640.8 57 

*The numbers in parentheses indicate the level of 
statistical significance. 



77 

ZZ • 

«• • 

\ MjPJ 

VMi0, 

STRUCTURE 
m 

FIGURE 8. MEAN NUMBER of INVERSIONS for the THREE TYPES of STRINGS. 

The means are corrected far their covariation with number of 
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Figure 3. 
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TABLE 7. Summary of the analysis of variance for total 
strings correct.* 

Source 
Sum of 
Squares df 

Mean 
Square F 

Between Ss 986.5 29 

Structure (St) 53.5 2 26.8 0.86 

Order (0) 156.8 1 156.8 5.02 (.001) 

St by 0 25.4 2 12.7 0.41 

error (b) 750.8 24 31.2 

Within Ss 2254.5 30 

Meaning-
fulness (M) 1152.8 1 1152.8 25.79 (.001) 

M by St 3.0 2 1.5 0.03 

M by 0 0.2 1 0.2 0.00 

M by St by 0 23.3 2 11.6 0.26 

error (w) 1075.2 24 44.8 

Total 3241.0 59 

*The numbers In parentheses Indicate the level of 
statistical significance. 
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Figure 3. 
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Another type of scoring was for number of complete strings 

correct in the first ten trials. The results of the analysis of 

variance appear in Table 7 and the means are plotted in Figure 9. 

Meaningfulness and order of presentation were both significant. 

The latter is interesting in that it shows the nonsense-to-real 

word order of presentation to be superior to the real word-to-

nonsense order, i.e., if a subject received nonsense syllables 

first he did better (in terms of whole strings correct) on both 

nonsense syllables and on real words than if he had received mean

ingful words first. None of the comparisons between individual 

means were found to be statistically significant, however. 

An attempt was made to get some index of the "size" of the 

units which wei;e added to a subject's repertoire in the different 

conditions, it was expected that, if "chunking" occurs according 

to grammatical rules, the size of the added elements would be 

greater in Conditions I and II than in Condition III. For the 

first measure, the protocols of each subject were inspected trial 

by trial for the first ten trials. An "addition" was defined as 

any newly added element or sequence of elements which had not oc

curred on previous trials. If additions within a string were not 

sequentially contingent, they were counted as separate additions. 

The number of items — words or nonsense syllables — within each 

addition were also tabulated. Then a ratio was formed with the 

number of items added as the numerator and the number of additions 
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as the denominator. The result was a measure of the average size 

of added elements. 

The second measure was simply the percent of additions in 

which sequentially contingent items appeared. 

The scores on these two measures were skewed towards the low 

end so the subjects were assigned ranks and Kruskel-Wallis H-tests 

were applied comparing the different structure conditions. The mean 

ranks are plotted in Figure 10. No significant differences were 

found between groups on either measure. 

Serial position curves were assumed to reflect the manner in 

which subjects organized the total learning task. Figures 11 and 12 

show the percent of total errors plotted as a function of rank order 

of strings for real words and nonsense syllables respectively. The 

general form of all curves indicates that first and last strings 

were learned first with those strings in between being learned later. 

This effect is more apparent in real words than in nonsense sylla

bles. Condition II seems to have the greatest "bowing" of the 

curve. With nonsense syllables, Condition I describes a nearly 

linear function while this is true of Condition III in real words 

(although both conditions show a decrement in errors for the last 

string). 

Analyses of variance were computed (on the basis of raw 

scores) for real words and nonsense syllables separately (Tables 8 

and 9). In both cases the string by structure interaction proved 

significant, indicating differences in the form of the serial 



FIGURE 10. MEAN RANKS on the CHUNKING MEASURES for the THREE TYPES 
of STRINGS. 

The upper figure is for the average "size" of added segments 
• and the lower figure is for the percent of additions upon which 
sequentially contingent material appeared. The identification of 
the symbols is the same as in Figure 3. 



82 

z »4 s 

SS N 
cc 

z 
< 4 
tu 

X 

< 
cr 

2 • H 
< 
LJ 

z 

s 
\ 

_ M, 
N * 

M. 

STRUCTURE ° 

Ss 
S 
N 

M. 
X 
S- — — — — -• M. 

H J 1-

STRUCTURE 



83 

lo. 
(Jj 

RANK "ORDER OF STRING 

FIGURE 11. MEAN PERCENT of TOTAL ERRORS PLOTTED as a FUNCTION 
of RANK ORDER of STRING for REAL WORDS. 
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FIGURE 12. MEAN PERCENT of TOTAL ERRORS PLOTTED as a FUNCTION 
of RANK ORDER of STRING for NONSENSE SYLLABLES. 

The identification of the symbols is the same as in 
Figure 3. 
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TABLE 8. Summary of the analysis of variance for total errors 
for real words only.* 

Source 
Sum of 
Squares df 

Mean 
Square F 

Between Ss' 31,434.6 29 

Structure (St) 2,937.9 2 1468.9 1.38 

Order (0) 2,204.2 1 2204.2 1.98 

St by 0 801.7 2 400.8 0.38 

error b 25,490.8 24 1062.1 

Within Ss 33,683.6 120 

Strings (S) 17,992.9 4 • 4498.2 59.30 (.001) 

S by St 1,344.9 8 168.1 2.25 (.05) 

Linear 1,136.9 2 568.4 7.55 (.01) 

Quadratic 148.0 2 74.0 0.98 

Residual 60.0 4 15.0 0.20 

S by 0 270.4 4 67.6 0.90 

S by St by 0 913.8 8 114.2 1.52 

error w 7,217.8 96 75.2 
• 

*The numbers in parentheses indicate the level of 
statistical significance. 
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TABLE 9. Summary of the analysis of variance for total errors 
for nonsense syllables only.* 

Source 
Sum of 
Squares df 

Mean 
Square F 

Between Ss 53,947.9 29 

Structure (St) 5,127.4 2 2563.7 1.82 

Order (0) 14,940.1 1 14940.1 10.58 (.005) 

St by 0 601.7 2 300.8 0.21 

error b 33,880.4 24 1411.7 

Within Ss 45,794.4 120 

Strings (S) 15,440.6 4 3860.1 15.41 (.001) 

S by St 4,524.6 8 565.6 2.26 (.05) 

Linear 2,048.3 2 1024.2 4.09 (.025). 

Quadratic 1,023.9 2 511.9 2.04 

Residual 1,452.4 4 363.1 1.45 

S by 0 619.9 4 155.0 0.62 

S by St by 0 1,202.8 8 150.4 0.60 

error w 24,006.5 96 250.1 

Total 99,742.3 149 

*The numbers in parentheses Indicate the level of 
statistical significance. 
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position curve for the different conditions. The linear components 

of the interaction produced significant F ratios in both nonsense 

and meaningful materials. The quadratic components did not. In 

nonsense materials, comparisons of the linear components showed 

Condition I to be significantly different from Condition II and III. 

Comparison of the quadratic components of Conditions I and II pro

duced an F ratio significant at the .10 level. In meaningful mate

rials, the linear components of Condition II differed significantly 

from the linear components of Conditions I and II. 

Figures 13 and 14 show the percent of correct responses 

plotted as a function of position of item within a string. The 

curves represent averages for all of the strings within a series. 

In general, the curves show progressive decrements in the percent 

of cprrect items as one goes from left to right. There is some 

effect of "recency", i.e., last items are learned sooner than mid

dle items. Within nonsense materials, Condition I appears to have 

the greatest "bowing" of the curve while Condition II has the least. 

The "spike" at position 2 for Condition II is probably due to the 

attention-getting value of real words imbedded in nonsense syllables. 

It appeared only in nonsense materials and only in Order 1 (nonsense 

syllables learned first). In meaningful materials, Condition I 

shows the most "recency" and the least "primacy" effects. 

Tables 10 and 11 summarize the analyses of variance for per

cent of items correct for real words and nonsense syllables res

pectively. The only interaction with position that attained 



statistical significance was for the structural conditions in 

meaningful materials. The linear component of this interaction 

was significant. The quadratic component was not. Comparisons 

of groups revealed Condition I to differ from Conditions II and III. 
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TABLE 10. Summary of the analysis of variance for percent of 
Items correct at different string positions (meaningful Items 
only).* 

Source 
Sum of 
Squares df 

Mean 
Square F 

Between Ss 0.0 29 0.0 

Structure (St) 0.0 . 2 0.0 0.0 

Order (0) 0.0 1 0.0 0.0 

St by 0 0.0 2 0.0 0.0 

error b 0.0 2'4 0.0 0.0 

Within Ss 3,686.9 120 

Position (P) 1,486.6 4 371".6 20.8 (.001) 

P by St 373.6 8 46.7 2.63 (.05) 

Linear 246.8 2 123.4 6.95 (.005) 

Quadratic 16.5 2 8.2 0.46 

Residual 110.3 4 27.5 1.55 

P by 0 71.1 4 17.8 1.00 

P by St by 0 53.5 8 6.7 0.38 

error w 1,702.1 96 17.7 

Total 3,686.9 149 

*The numbers In parentheses Indicate the level of 
statistical significance. 
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TABLE 11. Summary of the analysis of variance for percent of 
items correct at different string positions (nonsense syllables 
only).* 

Source 
Sum of 
Squares df 

Mean 
Square F 

Between Ss 0.0 29 0.0 

Structure (St) 0.0 2 0.0 0.0 

Order (0) 0.0 1 " 0.0 0.0 

St by 0 0.0 2 0.0 0.0 

error b 0.0 24 0.0 

Within Ss 14,864.0 120 

Position (P) 2,499.9 4 625.0 6.25 (.001) 

P by St 1,309.2 8 163.7 1.64 

P by 0 489.8 4 122.4 1.22 

P by St by 0 938.4 8 117.3 1.17 

error w 9,626.7 96 100.2 

Total 14,864.0 149 

*The numbers in parentheses indicate the level of 
statistical significance. 



DISCUSSION 

The implication from the Marks and Miller (1964) experiment 

was that syntactic structure facilitates learning in some manner 

beyond merely providing serial order in behavior. Using free recall 

after whole presentation, they found "anomalous sentences" (strings 

with correct syntax but semantically improbable) to be learned 

faster than word lists (achieved by scrambling the word order in 

the anomalous sentences). Since free recall renders irrelevant the 

serial order of responding, any facilitation that occurs must be 

due to processes other than what might be called "response inte

gration." Marks and Miller suggested that this facilitation may 

be a result of some sort of "chunking" according to grammatical 

rules. 

Suprisingly, the results of the present experiment do not 

support the hypothesis of a facilitating effect on verbal learning, 

beyond providing order in responding, simply as a result of syntac

tic structure. Condition I (the series with the same structure for 

all strings) did not have significantly fewer errors than Condition 

III (random arrangement of items within strings) for any of the major 

measures, i.e., total errors, omissions, bound-morpheme errors, 

between-string substitutions and associative errors. In fact, 

Condition I generally produced more errors than Condition III — 

significantly so in a few cases. 

93 
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The comparison of Conditions I and III provide a kind of 

replication of part of the Marks and Miller experiment. There are 

certain differences, however. Marks and Miller generated anomalous 

sentences by selecting the first word from a normal sentence of the 

same grammatical structure, the second word from a second normal 

sentence and so on. The resulting strings preserved the syntactic 

structure of the normal sentences but did not "make sense" as a 

whole. Inspection of these sets of strings suggested that the series 

may have somehow retained a kind of semantic content which subjects 

could pick up during the course of learning the strings. Consequent

ly » in the present experiment the strings of Condition I were gen

erated by selecting words from both sets of materials used in the 

Marks and Miller experiment in order to make one set of strings to 

be learned. If syntactic structure alone was the critical variable, 

this change should not have introduced any difference in outcome. 

The fact that the paired nonsense syllable conditions, supposedly 

having no semantic content whatsoever, gave results similar to 

that obtained with real words also augurs against the hypothesis of 

facilitation due to syntactic structure. 

One change that may well have produced the differences in 

results was in the mode of presentation. Marks and Miller pre

sented their strings orally while in the present experiment the 

strings were presented visually. It may be that visual presentation 

allows a subject to "scan" the materials and organize them in a 

more coherent fashion than when they are presented orally. With 
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oral presentation, the subject Is more bound to sequential pro

cessing of Information as It 1s presented, while with visual pre

sentation, the subject has more control over which items enter 

immediate memory. Some evidence for .this appears in the way sub

jects described how they went about their task in Condition III. 

With real words several subjects said they tried to make sentences 

out of the strings or would try to make phrases out of parts of 

the material. One of the subjects, after having emitted a syn

tactically acceptable series of words (although not the syntactic 

structure of Condition I) said, "Gee, that kind of makes sense." 

If a sufficient number of subjects employ this kind of in

formation processing strategy, serious problems are posed for 

research designs, such as this one, which use visual presentation 

of verbal material. For then the subjects would have greater con

trol over the structural organization of the items than would the 

experimenter and any real effects of the structural variables being 

studied might be greatly attenuated. (On the other hand, the very 

existence of such a phenomenon is interesting in itself for it 

points out the selective nature of verbal learning and the salience 

of our grammatical skills when it comes to organizing such a task. 

If a subject chooses to put items to be learned into some kind of 

grammatical order, this structuring process must be of some value 

to him in terms of making the task easier, reducing confusion, 

, or the like.) 



The studies of Forster (1965) and Epstein (1961, 1962, 

1963) do not seem to have been plagued by this problem. The 

latter researcher probably eliminated subjects' use of such a 

strategy by emphasizing (in the instructions) the order in which 

items were to be learned. Forster used longer strings than those 

used in the present experiment and ones which were constructed 

differently, so it is possible that restructuring was hampered. 

The extent to which subjects in the present experiment 

reorganized their material is difficult to guage. Eight out of 

the ten subjects in Condition III reported some kind of restruc

turing: they tried to make sentences out of the items (although 

they were seldom successful), or saw them as "headlines", or tried 

to group words into phrases. Yet the other subjects, as well as 

some of this group of eight, often learned the items in a sys

tematic but non-syntactic manner. That is, they would learn the 

items from left to right, from right to left, or in some other 

order. Also, it is hard to believe that subjects could see un

structured nonsense syllables as sentences or phrases (especially 

when they were presented before real words, i.e., Order 1). One 

possibility is that they first "translated" the nonsense items into 

real words and then imposed some kind of syntactic structure upon 

these resulting items. Almost all of the subjects reported that 

they tried to associate nonsense items to real words but data is 

lacking with respect to what they did after that. 
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The results support neither the proposition that there is 

facilitation of performance due to a biased method of searching 

memory nor facilitation due to "chunking" on the basis of gram

matical rules. The former notion would have been supported by find

ing both structural conditions superior to the unstructured condi

tion and by finding greater order in recall in the structured con

ditions. Although there seemed to be a trend toward greater order 

in recall (and thus fewer inversions) in the structured conditions 

(especially Condition I), it was not statistically significant. It 

is possible, of course, that syntactic cues are used in recall but 

that they do not produce a facilitating effect. 

Both measures of "chunking" gave non-significant results. 

Even Condition II, which was superior to the other conditions on 

a number of measures, did not differ from the unstructured condi

tion. Naturally, this leads one to question whether "chunking" is 

significantly related to grammatical structure at all. 

It is possible that what is referred to by the term "chunk

ing" is not simply a method of grouping items together and cannot be 

measured by the more or less direct technique used in this experiment, 

i.e., by scoring the number of sequentially contingent additions or 

the percent of additions when sequentially contingent items appear. 

This scoring method assumes that all information, syntactic as well 

as semantic, is stored together in memory as a unit. Thus, for 

example, it would seem reasonable that an adjective-noun combination 
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such as "red apple" would constitute a "chunk" and be added to 

memory as one unit or symbol. 

However, certain responses given by subjects in structural 

conditions suggest that something else may be taking place. For 

example, some subjects would respond in the following manner: "Tavs 

of, uh, hmm, (pause) kes, er, ah, (pause)." That is, they seemed to 

know the structure of the whole string and that some item went into 

the spots where they paused, but they could not find the items in 

memory. The "chunk" of information that was stored might be some 

kind of syntactic representation which would not evidence itself in 

behavior without the storage of additional information. Savin and 

Perchnock (1965) have suggested something similar: that various 

grammatical features of English sentences are encoded in immediate 

memory apart from the rest of the sentence. Mehler and Miller (1964) 

have interpreted the results of an experiment on retroactive inter

ference in sentences as support for the hypothesis that semantic con

tent and syntactic form pose more or less distinct tasks for the 

learner. Richard W. Coan (1966) has recently suggested a similarity 

between the memorization of syntactically structured strings of ver

bal material and the memorization of something like a piano composi

tion. He observes that one is likely to be simultaneously aware of 

several different levels of organization, ranging from individual 

notes to gross structural features of the total composition. The 

total pattern may be grasped fairly rapidly, but progress in 
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reproduction may be more directly dependent upon the acquisition 

of more elementary components. 

If this line of reasoning is close to the actual state of 

affairs, one might expect scoring for the number of complete strings 

correct to show structured strings superior to unstructured strings. 

The Marks and Miller (1964) experiment found this to be the case; 

the present experiment did not. This discrepency might be accounted 

for by the frequent use of a "phrase strategy" in Condition III in 

the present experiment. 

The only variable that achieved significance for number of 

complete strings correct as the dependent variable was order: the 

nonsense syllable-to-real word order was superior to the real word-

to-nonsense syllable order. One might speculate that this is a 

result of the nonsense syllables with grammatical endings drawing 

attention to the syntactic nature of the material. 

The failure of Condition III to produce significantly more 

bound-morpheme errors than Condition I in either real words or non

sense syllables does not support the notion that grammatical struc

ture has a facilitating effect by reducing the number of alternative 

endings which the items could possibly take. It also does not sup

port Forster's idea that only stems need be learned, the tags being 

supplied by the (known) grammatical structure. The findings are 

also contrary to those of Marks and Miller (1964), although they did 

not correct their scores for the correlation of bound-morpheme 

errors with number of omissions. Here, again, one is faced with 



100 

the possibility that subjects in Condition III restructured the 

items into sentences or phrases and thereby eliminated any dif

ferences . 

The superiority of Condition II over Condition I for 

between-string substitutions was expected from the notion that 

syntactic representations at the sentence level could be differ

entiated from each other in the memory structure for the former 

condition but not for the latter. During recall, the subject in 

Condition II would, presumably, "choose" a syntactic representation 

at this level and use it as a cue to find the stored lexical items 

in memory. Finding the items would be easier in Condition II than 

in Condition I since the cue information would have to be decoded 

through fewer "tests". 

While this hypothesis is still tenable, certain other con

siderations make one wonder if the results are really due to such 

hypothesized processes. When the graphs for omissions and for the 

other variables (corrected for their correlation with omissions) are 

compared, it appears that the different conditions effect all the 

measures in much the same way. That is, Condition II is generally 

lower in number of errors than Conditions I and III, which are al

most the same. One is lead to suspect that some unitary character

istic of the Condition II strings is producing the differences. One 

characteristic which Condition II strings have, and the others do 

not, is the existence of function words, i.e., "of", "and", "have". 

(Because of the nature of English grammar, the function word 
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variable is partly confounded with the syntactic structure variable.) 

These words are felt by linguists to carry less information than con

tent words such as nouns and verbs. This seems reasonable in the 

sense that they can be described largely in terms of their grammati

cal characteristics. One could argue, then, that these words require 

the storage of less information, are learned faster and reduce the 

magnitude of the task, allowing more time to be allocated to the 

storage of information about the other items. 

The lower information value of function words can, at most, 

be only part of the story, however. By the above analysis, nonsense 

syllable-function word pairs should contain less information than 

nonsense syllable-content word pairs and thus be easier to learn. 

But Glanzer (1962) found just the opposite to be true. Only when 

the function words in his experiment were placed between two non

sense syllables and compared with the content words in the same kind 

of triplet context were they learned more rapidly. It may be that 

the grammatical representation for a given number of items is more 

parsimonious if the items contain function words than if they do not. 

That is, more of the capacity of immediate memory may be occupied by 

grammatical features in cases where the items do not contain function 

words. The function words might be "redundant" when given an abstract 

syntactic representation. Savin and Perchnock (1965) have found that 

sentences with certain transformational features require a larger 

part of immediate memory than do otherwise identical sentences lack

ing these features. (The memory capacity required by each sentence 
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was measured by seeing how much additional material could be remem

bered with it.) Something similar may take place when function 

words are used. 

Looking at the serial position curves for the series of 

strings as a whole, it appears that all groups used anchor-point 

strategies, learning the first and last strings first and gradually 

filling in the remainder. This seems to be less true of Condition I 

in nonsense materials and Condition 111 in real words. The curve 

for Condition III in real words is mostly indicative of progressive 

acquisition with some "recency" effect for the last string. The 

curve for Condition I in nonsense syllables is mostly indicative of 

equal amounts of learning for each string. Most subjects reported 

that they tried to learn the first and last strings first. The six 

subjects who did not were equally divided among the three conditions. 

Thus, the differences'in trends are probably not so much a result 

of different strategies as of different acquisition rates. For ex

ample, Condition II has the greatest "bowing" in both sense and non

sense and also the fewest errors. If items are acquired sooner, the 

errors for the first and last strings are reduced to zero sooner and 

the greatest percentage of errors is left for the middle strings. 

The main within-string strategies reported by subjects fell 

into three groups: progressive-acquisition, anchor-point and whole 

string at a time. By far the most frequently used strategy was 

progressive-acquisition, i.e., proceeding progressively from left 

to right. Eighteen of the subjects reported they used this 
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technique and they were quite evenly divided among the groups. 

This number was probably reduced in Condition III, however, for 

subjects often also reported switching words around to make phrases. 

Eight subjects reported that they tried to learn the whole string 

at once (although they usually didn't succeed); four of these sub

jects were in Condition I. Only two subjects used an anchor-point 

strategy within strings. (One subject used a "reverse anchor-point 

strategy", i.e., he chose the middle word to learn first and pro

ceeded in both directions from there.) 

; 

The serial position curves for within strings are thus com

posites of several different modes of organizing the learning task. 

They seem to be influenced for the most part by progressive-acquisi

tion although there are "end spurts" for most conditions. The 

retrospective accounts and the end spurts give further support to 

the hypothesis that subjects scan the whole string when it is pre

sented visually. Some subjects explicitly denied this, however. 

They said they tried to "ignore" all items except the ones they were 

trying to learn on that trial in order to reduce confusion. (A 

similar phenomenon occurred for between strings with one subject: 

he actually looked away from the memory drum when the strings he was 

not trying to learn appeared.) 

While the results do not support most of the ideas elaborated 

earlier in this paper, they do point up the importance of considering 

the subject's strategies in dealing with the task presented to him. 

Indeed, the strategies adopted by subjects in the "unstructured" 
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condition appear to have eliminated the' lack of syntactic structure 

in their materials and to have attenuated any differentiation that 

may exist, on the basis of error scores, between this condition and 

Condition I. 

Although the evaluation of the other hypotheses concerned 

with the structured versus unstructured conditions are severely 

restricted by this development, one might make some tentative 

inferences. "Chunking", for example, does not seem to refer to 

the storage of heterogeneous "bundles" of information in memory 

just because the components are related grammatically. In the 

present experiment this occurred infrequently; most "additions" 

were of individual words. It may be that subjects separate, in 

some manner, the semantic from the grammatical aspects of the 

task and that "chunking" occurs with respect to the latter by vir

tue of its hierarchical nature. The superiority of Condition II 

could then be explained by assuming function words to be "redun

dant" in a context where an abstract syntactic representation can 

be given to the data. 

It might be mentioned, at this point, that the model does 

imply some kind of separation of semantic and syntactic components 

in the processing of verbal information. If syntactic "cues" are 

to be generated in recall, some provision must be made for a system 

which will allow a person to "choose" the proper syntactic represen

tation and thereby generate the cues. At the outset of the study 
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this point was quite obscure — It was just assumed that subjects 

would "know" the proper syntactic representation. 



SUMMARY 

Man's ability to understand and produce "novel but appro

priate" utterances is of tremendous importance to psychologists. 

Yet, only recently has the nature of the underlying psychological 

processes become an area of empirical investigation. In the 

present experiment one aspect of the language user's productive 

capacity, his grammatical skill, was explored by studying the 

effect of syntactic structure on verbal memorization. 

Verbal memorization was viewed as a complex information 

processing task in which a subject 1) adopts "strategies" or rules 

of procedure which organize the manner in which he goes about his 

task; 2) codes the input into a form appropriate to the central 

processes by generating a matching internal representation; 3) 

stores these internal representations in memory in an organized 

fashion according to discrimination "tests"; 4) generates "cues" 

and decodes them through the discrimination tests to retrieve or 

"find" stored information. It was expected that syntactic struc

ture would effect the memorization process in two principle ways: 

first, it would provide a basis for grouping items into "chunks" 

larger than individual words; second, it would provide otherwise 

non-available cues during recall which could be used to find stored 

information, i.e., it would provide an organized method to "search" 
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memory. It was not clear from either the model or previous research 

what effect syntactic structure might have on the strategies subjects 

would employ. 

Thirty college students were randomly assigned to one of 

three experimental conditions: one In which all of the strings of 

Items to be memorized had Identical syntactic structure, one In 

which each string had a different syntactic structure, and one in 

which items were randomly arranged within each string. Subjects 

learned both nonsense syllables and real words, the order of pre

sentation being counterbalanced for each condition. In the struc

tured real word conditions, the strings were semantically anomalous, 

i.e., they did not "make sense" as a whole. 

It was expected that, if "chunking" occurs simply as a 

result of syntactic structure, three measures would yield higher 

values for the structured conditions: the average "size" of the 

segments added to a subject's response repertoire, the percentage 

of additions containing sequentially contingent items, and the 

number of strings completely correct. With respect to the notion 

that syntactic cues aid in the retrieval of stored information, it 

was expected that the number of omissions, bound-morpheme errors, 

between-string substitutions, and inversions of word order would 

be greater in the unstructured condition. Strings having dif

ferent syntactic structures were expected to produce fewer between-

string substitutions than strings having identical syntactic struc

tures because discrimination between strings could take place at 
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a higher representational level. Between-string and within-string 

strategies were examined using serial position curves and interview 

material. 

The results revealed no significant between group differences 

for any of the "chunking" measures and only a few significant differ

ences on the basis of error scores. Most of the latter differences 

were due to the superior performance of those subjects learning 

strings with different syntactic structures. 

The lack of differences between the vinstructured condition 

and the structured condition having identical structures for all 

strings appeared to be the result of the within-string strategies 

employed by subjects in the former group: most of them restructured 

the items into phrases, "headlines", or the like. It was pointed 

out that the possibility for scanning and reorganization in visually 

presented material severely restricts the usefulness of this mode 

of presentation in the study of syntax. 

While the results were in line with the proposition regard

ing the memorization of strings having different syntactic structures, 

an alternative explanation was proposed. It was suggested that sub

jects somehow separate the semantic from the syntactic components of 

the task and that, in strings which include function words, an in

ternal representation of the syntax of the strings would render the 

function words redundant. The magnitude of the task would thereby 

be reduced and performance would be enhanced. 



APPENDIX 

The following sets of materials were used in the experiment. 

Subjects learned both real words and nonsense syllables in each 

condition. 

Real Words 

Condition I 

REALISTIC CIGARETTES SAVE VALUED SNOW 

EXPENSIVE STORMS DETER RELIABLE ACCIDENTS 

CAREFUL FLOODS EMIT USELESS PARTIES 

MELTING FLASHES WAKE FATAL ODORS 

NOISY APPRAISALS CHOOSE PRUDISH BATTLES 

Condition II 

CIGARETTES AND SNOW SAVED REALISTICALLY 

STORMS HAVE DETERED RELIABLE ACCIDENTS 

CAREFUL FLOODS USELESSLY EMIT PARTIES 

MELTING FLASHES WAKE FATAL ODORS 

BATTLES OF APPRAISALS CHOOSE PRUDISHLY 

Condition III 

SNOW CIGARETTES SAVE REALISTIC VALUED 

DETER STORMS RELIABLE EXPENSIVE ACCIDENTS 
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CAREFUL PARTIES FLOODS USELESS EMIT 

ODORS FLASHES MELTING FATAL WAKE 

APPRAISALS PRUDISH CHOOSE BATTLES NOISY 

Nonsense Syllables 

Condition I 

VOXIC BEMS PAB TAZZED JIBS 

DESSIVE PIMS NAD KOVABLE HUKS 

NEMFUL CUNS FET MUCKLESS BACS 

SEFFIN6 JOHS ZER LUZZAL CEDS 

TAVY LIRS KES WUMISH POGS 

Condition II 

BEMS AND JIBS PABED VOXICALLY 

PIMS HAVE NADED KOVABLE HUKS 

NEMFUL CUNS MUCKLY FET BACS 

SEFFING JOHS ZER LUZZAL CEDS 

TAVS OF LIRS KES WUMLY 

Condition III 

JIBS BEMS PAB VOXIC TAZZED 

NAD PIMS KOVABLE DESSIVE HUKS 

NEMFUL BACS CUNS MUCKLESS FET 

CEDS JOHS SEFFING LUZZAL ZER 

LIRS WUMISH KES POGS TAVY 
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