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A SYNTACTICAL AFALYSIS OF SOME FIRST-GRADE READERS*:
 Elizabeth Macken Gemmon

. Stanford University. .
Stanford, California_9h505

CHAPTER I

'RATTONALE AND OVERVIEW

An dmportant problem at all 1avels of instruction is.tha apprapriate
matching of réading materiale to the reader, "Appropriste matching”'refers
to the reader’s ability_tg comprehend the materisls and to the effectiveness
of the meterisls in.furtharing some of the aims of the educational pracess-
the term "readiug materials” includes both materlals which teach chlldren
to read and materials which convey other information. Tn the paqt the
.appropriateneas of materials has Dbeen discusséd in relation to their
content, thelr format and organlzatlon, and the1r dlfflculty level as
expressed by their vocabulary load, their sentenee structure, and thelr
level of human interest. (Chall, 1958) In the revision of primary readers,
in particular, the.concern has been with finding the appropriate level of
difficul?y as measured by.the frequency of new.vocabulary.words and.the
number of repetitions of a new word. (Becker, 1956- Gates, 1950' Hockatf,
1958; Mahl, 1931; Spache, 1941) But for primar y readers two other
_conceptions of "appropristeness” are important: l) How does the sentence
structure fournd in the readers compare to the sentence structure of the
child’s speech? and 2) How does the.santence structure found in the
readers compare to that of correct adult speech which is one of the
aims of education? _ _ o

Evidence for the 1mportance of the flrst new conception of appropri-
ateness, the similarity of the readers to coral speech, canes from four studies:
Bormuth (1964), Ruddell {1964, 1965), and Strickland (1962)o Strickland

‘conducted an extensive analysis of the_patterus of sentence structure in the

*¥The work reported here haa been supported by'the Wational Science
Foundation (Grant G-18709), Office of Education Contract OEC-4-6-061493-2089
~and the Ravenswood Subcontract to Stanford under Offlce of Eﬁucatlon Grant
OEG 00k1.
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~oral language of children in the first six grades of elementary school, and
a partial analysis of the sentence structure of second- and sixth-grade
readers. The purpose of the reader'enalysis‘was to determine whether the -
common speech patierns of children appeared in the readers; no effort was
nade to determine and compare the freguency of the patterns. Strickland
found that many of the patterns most frequently used by children appeared
in the readers, but that the patterns appeared in & somewhat random manner
and that there appeared to be no scheme for development of control over
sentence structure which paralleled the generally accepbed scheme for the
development of control over vocabulary. Strickland also found direct
relationshipe between the develomment of a child's oral language ability and
.his.general reading ebility, as measured by & variety of tests. Ruddell
1965) studled the relatlonshlp of selected language variables to reading
| achlevement, and concluded that a chlld“s control over designatea aspects
of his morphologlcal and syntactical 1anguage is significantly related
to hie reading ability as measured'by paragraph meaning; sentence
meanlng, and vocabulary achievement scoreso The Strickland study
and the Ruddell (1965) study indicste & relation between stage of
_ oral language development and reading ability; in the following studies
' by Bormuth (1964) and Ruddell (1964), the relationships between
readlng achlevement and the 51m11ar1ty of reading msterial to the redader's
oral language were explored. Bormuth used Strickland’s findings to rate
'reading ?aseages according to their simiiarity to children’s speech. He
found, thatrthis index was related to comprehension difficulty at low levels
of reading achievement; that is, for children who have reading difficulties
an-increased eimilarity of the language in the reading msterlal to their
own langusge patterns increased comprehension. This relationship was not
.strong enough to be significant, bnt in establishing his similarity index
Bormuth used only the first level of Strickland®s analysis which ignored
many of the substructures of language, and in addition used her combined
oral speech data for first, third, and sixth graders while his subjects
were'fourth to eighth’graders, If the similarity index had been based on
more detaile of the lanéuage pattern and had been changed for each grade
level tc include the particular speech patterns of that level, the
-_relatlonshlp would probably have been stronger. BRuddell (1964) incorporated

these ideas. He constructed six reading passages using the language patterns
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which Strlckland found to occur in the oral language of fourth graders;
the patterns were used in the readlng passages 1n the same proportlonal
frequency in Whlch they occurred in the oral language. Three of the reading
passages 1ncluded only hlgh frequency patterns and three 1ncluded only low
. frequency patterns, His subJects were fourth graders from the 1dent1cal
.SchOOl from.whleh Strlckland obtained her oral language sample. Ruddell
found that comprehens1on scores on the ertten materlal des1gned Wlth hlgh
frequency patterns of oral language struoture and comprehens1on scores on
_ ertten materlal deslgned Wlth low frequency patterns of oral language
_structure Were slgnlflcantly dlfferent beyond the .Ol level in the
expected dlrectlon.l ‘ ’
_ These studles indicate a deflnlte relatlonshlp between readlng case
and the 51mllar1ty of ertten materlal to the reader“s spoken language,
and suggest the 1mportance of a further understandlng of this relatlonshlp
For chlldren who are hav1ng difficulties 1n learnlng to read, perhaps “the
best klnd of remedlal materlals would be those Whlch use only patterns
of sentence structure which the Chlld himself uses. Then only the act of
reading and not the structure and sound of the materlal Would e new to
the students. - 7' : : :d _ o
The second concept of "appropriateness“, the similarity of the readers
to correct adult speech, concerns additional geoals of the primary reading
program. Once the basic mechanics of reading have been established through
material incorporating only the child“s language patterns, sentence patterns
which are more complicated and more like those of adult speech could be
- dntroduced. ‘Expanding the sentence structures of the readers in some
systematic way would familiarize the child with:adult speech and presumably
develop his own oral language patterns.
Much further study is obviously required to -explore these ideas, but
cerbainly a first step is a complete analysis of the sentence patterns in
‘reading material presently being used. Strickland's analysis was partial
in that'she surveyed only parts of the readers and was interested only in
the presence or absence of sentence-types but not their frequencies of
occurrence. Ruddell's (1964) study indicates the need for. consideration
of type freguency in determining similarity. A concise and complete

representation of sentence patterns‘and their relative freguencies in grade




school readers 1s needed to begln further Work in comparlsons of oral H
_’language patterns, readlng materlal, and readlng ablllty - o
- - This suggests the llngulsts' approach to syntactlcal analyses e
’ through the constructlon of representatlve grammars. Several types of
grammars are poss1ble, for example, phrase structure grammars, categorlal
_ grammars,_and case grammars And within each of these, a great number of
fvers1ons could be wrltten. The problem.of flndlng the slmllarlty of the
isentence patterns 1n the readers to the sentence patterns of the chlld'
speech requlres not merely a grammar, but the best grammar in the sense
thet it most accurately represents the utterances in the corpus and the1r
frequencnes of occurrence, The problem.of evaluating several grammars '
wrltten for the same corpus has not been adequately solved Tradltlonal
_ crlterla for a good grammar are _ the grammar generates all of the ‘
-:grammatlcal sentences and none of the ungrammatlcal ones, the grammar 1s
in some sense 81mple, and the grammar 1s flnlte. (Chomsky, 1957) A
2grammar whlch satlsfles these crlterla but 1s clearly unsatlsfactory 1s
.the follow1ng ‘ )

Iet N be the number of utterances in the corpus, and
let 81, 85y w0y 8 be the utterances. ILet the ‘
. genergtive rules o¥ the .grammar be: . .

- B =va

_:.S —932..

8 - 8y .-'

A split-half analysis, in which the. rules which generate_perfectly;one_half

a;,of,the corpus {the even.numbered utterances, for example) are applied to

the other half, would cbviously show a poor fit. Quantitative methods for
revalvating grammars-are needed, not. only for the analysis.of.primary
creaders, :but for all applications of psychoiinguistics.. . - S
~This dissertation will make ccntributions teo both areas outlined.
rabove, It will furnish a thorough syntactical analysis for.some primary
readers, and it will ‘demonstrate.a quantitative method for evaluatihg“‘-

grammars written for a specific corpus. - (Suppes, 1970)
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The primary purpose of this study is to provide-a syntactical
analysis of two widely used first-grade readers, the Scott-Foresman seriesl
and the Ginn series.” A phrase-structure grammar will be written for the
entire corpus and a categorial’ grammar will be written for certain aspects
.of the corpus for purposes of comparison. The phrase-structure grammar is
the more natural in that it uses terminology and constructions familiar
from the study of Latin grammar; however, the categorial  grammar has the
" advantage of being more easily adapted to other corpuses.

The study will demonstrate a guantitative method of evaluating
grammars which provides a theoretical framework to account for the
utterances and their frequencies of occurrence. A preview of the method
“will be given here, and compiete details will be presented in the following
chapters. The first step in the analysis is to obtain an overview of the
syntactic. types which appear in the corpus. This is done by coding each
utterance as an ordered n-tuple consisting of thé part of speech of each
. word in the order of occurrence. The part of speech is determined according
+0 rules commonly used for English grammars; possible categories are: o
noun, transitive verb, intransitive verb, adverb, adjective,'etéa- The
sentence, "Come and see the new hat."”, would be coded as (IV+CHTV+T+A+N)
where "IV" stands for intransitive verb, "C" stands for conjunction,

"TW" stands for transitive verb, "T" stands for article, "A" stands for
adjective, and "N" stands for noun. The observed frequency of each
syntactical type is then determined. )

A grammar is writbten which generates these types, and the quantitative
‘evalustion of the grammar begins with the assignment.of parameters to sach
of the choice points. For an example of "choice point"” consider the
following rewrite rule of a generative grammar: S GrTvH(T) +H{ £ 424 )4, vhere
"G" stands for proper noun, and the other letters are as defined above.

The parentheses indicate that the contents may be deleted, and the brackets

lThese texts are listed in the references according to the authors:
Ousley and Russell (1957, 1961), Robinson, Monroe, and Artley (1962a, 1962b,
1962¢, 1962d), and Russell and Ousley (1957).. Throughout this paper these
texts will be referred to by their reading level and publisher; this is the
clearest and most widely used procedure.
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indicate that only one of the members may be used.-. The choices of this
rewrite rule are: +to include or delete the article, and to use zero, one,
or. two adjectives. . Tﬁese_are referred to as "choice points”, and each is
-assigned a parameter dencting the probabiliity of that choice.

The parameters. can then be used to state the theorstical probability
of any syntactical type derivable from the. grammar.. The probability of-
type (GHIVHT+AHN), as in "Tom hit the red ball.", is the probability of
choosing "T" times the probability of choosing "A" times the probability of
Selecting the particular rewrite rule given above if more than one is
allowed by the grammar. If optional transformations are Iincluded in the
grammar, parameters must be assigned to the coptions and must be
incorporated inte the theoretical probabilities. OQbligatory transformations
require no parameters.

Using -the theoretical probabilities and the observed type frequencies,
the paremeters can be estimated using the method of maximum-likelihood.

- This method is workable as long as the grammar is unambiguous; that is, as
long as each syntactical type can be generated in only one way. If more
than one derivation is possible for a syntactical type, the theoretical
probability of that type consists of a sum of products and the meximum-
likelihood calculations are extremely difficult.

Once thé parameters have been estimatéd, the estimated frequencies-
of each syntactical type can be calculated. Chi-sguare tests can then be
used to determine the goodness-of-fit of the model (the grammar) to- the .
obéerved frequencies of the syntactical types. _

Chapter IT will give the details of all steps in the analysis
preceeding the constructicn of the final grammars; Chapter IIT will
pfesent-the phrasewstructure grammars and their statistical analyses;
Chapter IV will present the categorial grammars and their analysés; and -

Chapter V- containg a summary and some concluding comments.




CHAPTER II

PRELIMINARY STEPS OF ANALYSIS

The corpus for this study is tﬁe Ginn first-grade reading series
fénd.the Scott-Foresman first-grade reading series. These texts are widely
used and appeared to be similar in terms of format, content, and sentence
structure. The hope was that the data from the two series would combine
to form large frequencies for all sentence types; although, as will be
gseen later, this did not .prove to be precisely the case. ZEach first

grade series is divided into a set of pre-primers, a set of primers, and

a set of first readers which are read by all students; all of these have
been included in the analysis. Optional texte such as the Scott-Foresman
Guess Who for slower learners were not analyzed.

The texts are divided into short stories consisting mainly of
conversations between persoﬁs or animals, so many sentences contain an’
identification of the speakérn Typical examples are: ""I like this
‘kitten," said Betty." and "Susan said, "Toy Mouse wants a ride."" Neither
the titles of the stories nor the speaker identifiers {Betty ‘said, he said,
etc.) were included in the analysis. The titles consisted mainly of short
noun phrases and were clearly not indicative of the grammar used for
sentences within the stories. Speaker identifiers, too, had a structure
of their own, and it seemed appropriate to consider them merely as labels.

"7 as the sentence for

"

To consider "Susan said, "Toy Mouse wants = ride.

analysis rather than simply "Toy Mouse wants a ride.” would distinguish

sentence types in a way which would not emphasize the most interesting

characteristics of the grammar. In that case, "Susan said, "Toy Mouse

" e

wants a ride.”"", '

Toy Mouse wants a ride," said Susan.”, and ""Toy Mouse,
y d .




"% yrould have to be considered as separate sentence

said Susan, "wants a ride.
types; while this is a meaningful distinetion; 1t was not considered
.essential for a first syntactical analysis. 7
Structures which were included in the analysis will from here on . be
called "utterances”. An ubterance is a string of words which begins with
.8 capital letter and ends with one of the following terminal punctuation
oW Hom g

marks: ".", , Y or a "," followed by a speaker identifier and a

T, {The symbol ¥." used to indicate abbreviations was not considered

terminal.) Speaker identifiers found at the beginning or the middle of an

utterance were ignored, and all punctuation was ignored except for the
purpose of distinguishing utterances. Thus, the sentence, ""I want it,”
said Bill; "but I can't eat it."" includes one utterance: "I want it but

. T can't eat it"; wheréas the sentences, ""I want it," said Bill. "“But

T can't eat it."" include two utterences: "I want it" and "But I can't

Ceat it®. ' ' '

All of the utterances in both first-grade reading series Wwere

ineluded in the analysis. The number of utterances in each Lext is shown

in Table 1.

- Insert Table 1 about here

The table indicates that the number of utterances in each diﬁision |
~were roughly the same for each series; although the number of utterances
in the Ginn series was consistently greater. _ _

The first step in the analysis was the coding of each utterance
according to type. BREach utterance was coded as an ordered n-tuple
consisting of the part of speech of each word in the order of .occurrence.
The part of speech was determined according to rulescommonly used for

'English grammars. Table 2 lists all parts of speech found in the corpus
along with the abbreviations used in coding (and throughcut this paper),
ﬁjﬁidal examples, and eXaﬁpleé-of,any'phrases of two or more words which

Were,cansidered:to be a unit and coded as only cone part.of speech.

TInsert Table 2 sbout here




Text

Ginn

Scott-Foresmen -

Totals

- TABLE 1.

Utterance Count

Pre-Primer = = Primer ' Reader
858 L 1343 1905
638 ~10ko - 1k50

196 2383 3375

TQtal_

L126

3128
T25h
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TABLE 2

Parts of Speééh'iﬁ Corpus

Ekamples of Types

Part of
Speech Abbreviation Example Containing more than 1 Word
adjective A pretty . .
adverb. ABV fast
article T the
COmmOn nourl N house ice cream -
conjunction c and
copulative
verb cv is
interjection I ch
interrogative
adjective TADJ which
interrogative
adverd IADV how
interrogetive
~ pronoun,
objective
case TP(2) whom
interrogative '
pronoun,
subjective
case TP(1) who
intransitive
verb Iv go
locative L here
modal M can
negation - not
number used
in counting NBR one
Preposition J into
pronoun,
objective
case P(2) him
pronoun,
subjective
case P(1) he
proper noun G Betty Mr. Green, Frisky Kitten
rejoinder R yes -all right, thank you
relative '
pronoun, :
objective case RP(2) whom
relative
pronoun, _
subjective case RP(1) who
salutation 3 hello Good day, Heppy birthday
sound. 2 ZOOM
subordinate
conjunction CON that
"to" used with
infinitives 0 to
transitive verb TV want : :
vocative K Betty Mr. Green, Frisky Kitten
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Clearly a given word could be assigned to different parts of speech
depending on its usage in a particular utterance. In "I saw the boy who
hit Mary.” "who" is a relative prdnoun,.Wheréas in "Who is he?" "who" is
an interrogative pronoun. . Similarly the coding of phrases such as "Frisky
Kitten" dependéd on usage; The phrase, "Frisky Kitteﬁ" was usually used
as the name of a cat iﬁ which case the phrase was cbded as a proper noun
(G, not G+G); however, in the sentence, "My peﬁ.is a frisky kitten."
"Frisky Kitten"” would be coded as an adjective followed by a common noun.

- Table 3 shows some coded types to illustrate the coding method.

Insert Table % aboui here

A word must be said about the classification of verbs. Verhs were
put intc one of three categories according to their position in the
utterance. Verbs which stood between two noun phrases were labeled
" transitive verbs; verbs which were preceded but not followed by a noun
phrase were labeled intransitive wverbs, and verbs which were preceded by a
noun phrasé agnd followed by an adjective phrase were labeled copulative
verbs. (Noung used as adverbs as in "He goes home." were classified as
such so that in this sentence "goes” is intransitive.) Under this
elassification "to be" verbs can be in any of the three classifications
depending on usage; the verb is transitive in "He is a very good boy.",
intransitive in "Sally is here with me.”, and copulative in “Your new dress
is very pretty.” If "to be" verbs had been placed in a category of théir
own as 1s often done, a fourth category would have been required for verbs
guch as "look" and "get” in "She looks beautiful." and "She is getting more
beautiful every day.” As will be seen, a problem of too many types and
swall frequencies within types was already present and to add a fourth
category for verbs would only increase this problem.

The utterances were then sorted according to type. . This original
classification scheme produced a very large nunmber of types with relatively

small frequencies of occurrence as is illustrated in Tables 4 and 5.

Insert Tables 4 and 5 about here
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TARLE 3%

Frequently Occurring Utterance Types

Ooded Type Examples
(TV+IsK) Come here, Betty.
(P(1)}+TVHT+A+N ) T like the little chairs.
(1V+3+B(2)) ook at him,
( TV+CHTV+G) Come and see Susam.
(P(1)+M+IV) I can paint.
() Bettyl
- (G+CV+A) - ~Jane is pretty.
(2) . Bow-wow.
(T+K) Oh, Dick!

(1+P(1)+IV) - Here I come.



13

TABLE L

Statlstics for Utterance Types under Original Classification

Text; _

;. Ginn. Pre-Primer

Scott~Foresman
Pre~Primer

Pre-Primers Combined
Ginn Pfimer
Scott-fﬁfesman Primer
‘PrimerékCOmbined
Ginn Ré;der
Scott-Féresman Reager

Readers Combined

Total Number

% of Types with

% of Types with
Frequency > 1

. ofnypes o

250

277
b5k
664
666
1185
1099
" 1096

2015

Frequency > 5

w10

8.3
10.1
5;0
3.3
1.6
3.3
1.6
2.9

h5.2
8.9
39.9
N
9
ol
’ésia
15.8

1.3
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TAB]'_E 5.

Distribution of Utterance Types under -Origi'nai Classification

"~ Wumber of Types with Stated Frequency Rarige

- Frequency Pre-Primers Combined Primers Combined  Readers Combined
151-140 1 0 g
illleO o 0 - ”'“'“o:-.'
101-110 0 o | g
L§1—1oo ‘Q 0 .:"' ' tﬁ1
;81f90 L /‘. ) .-,,.,_1;0  ,v,
“él;fo _'b'i | | . , . _“.ﬂ.“iahﬁu?:i

:§i§60 . : . T dm,
yi-so 1 0 1
'.31-40 - - 0 2 1
21-30 6 | 7 n
11-20 ‘_ 16 20 15

1-10 hag . 1155 ‘ 1992
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Table & shows that contrary to expectation the Ginn and Scott-Foresman
series do not in general contain the same utterance types. The Ginn reader,
for exampie, contains 1099 utterance types and the Scott-Foresman reader
contains 1096 types; thus if the reazders had no types. in common, the
readers combined would contain 2195 types. In fact, the readers combined
contain 2015 types indiecating that only 180 or about 16% of. the utterance
types in each reader are common to both readers. Further study indicates
that the types common te bbth readers are theee with the greatest
frequencieé in the individual readers, and that the types witn smail
.frequencies in one reader do not usuaily find a match 1n the other resder.
' It is 1nterest1ng to note that the number of utterance types in each
section of each series 1s nearly the same; the number of types in the two
'pre ~primers differs by 27 and the number of tyrpes 1n the primers and
' readere differs by 2 and 3 reepectively In each case the Scott Foresman
series contains the greater number of utterances types which was unexpected
because the Ginn series contains the greater number of utteranceso
(Table l) '
~ To construct a grammar for the corpus and apply the chi—square

statistic as 1nd1cated in Chapter I (tnis use of the chi~sguare will be
presented in detail in Chapter III), a smaller number of utterance types
is de81rable and greater frequencies within types is required. Elimination
of all types with frequency less than or egqual to five, for example, was
not feasible at this point because only a small percent of the corpus
would then be described by the grammar (55. 5% of the pre- primere ccmbined,
53 5% of the primers combined, and 24 5% of the readers combined) - In
order to obtain a smaller number of types and greater frequencies w1th1n
types,. a method for meaningfully collapsing the types was developed, This
involved the combining of certain groups.of letters (parts of speech)
into one category whenever they occurred. One grammar would then be
written to represent each set of rules for combination, and another grammar
would be written for the utterance types containing the collapsed
categories.

| The first attempt involved the use of noun phrases and verb_phrases,
Pronouns and strings of articles, adjectives, and nouns were.replaced by

- "NP" for "noun phrase”, and strings of modals, negatives, and verbs were
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-..replaced by "VP" for "verb phrase." For example the sentences, "Betty does

not want the pretty red ball,” of type (GHMt-+TV+T+A+A+N) and "That puppy
likes me." of type (AtN+IV+P(2)) would both be of type (NPHVPNP) under
noun-phrase and verb-phrase collapsing. As Table:6 shows, this made a
‘substantial reduction in the number of types, but a large number_of types

with low frequencies remained.

Insert Table 6 about here

The frnal collapsing inVolves the use of a. category called "verbal
mogifiers" (VM) as well as noun phrases and verb phraeee In the ﬁerbal
'modlfler category are strlnge of adverbs, prep051tlonal phrases, locatlves,
::and noun phrases used as adverbs. The utterances, "He runs fast.”
‘(P(l)+IV+ADV), "He runs very fast;” (P{l)+IV+ADV+ABV); and fHe runs to the
house.” (P(L)+IV+J+T+N), would all be of type (NP+VP+VM) under the final
eol:l,apsing° Complete details of the nouﬁephrase, verb-phrase, and verbal-
modifier classification systems will be given.in.Chﬁater TII when the
phrase-structure grammars are.presentedn

As Table 6 shoys, this Tinal collapsing greatly reduced the number
of types compared to the first two classification system,s° Whlle the
percent of types Wlth_frequenc1ee greater than flve_remalns low, the '

. Percent of the corpus which can now be accounted for by types with
frequenc1es gregter than five has substantlally increased. Eighty—four
percent of the corpus can now be descrlbed by types with frequency greater
_than flve

Tables 7 and 8 show further detalls of the number and frequenc1es
of types which have been formed u51ng the nounuphrase, verb- phrase, and

verbal-modlfler categorleeﬂ

Insert Tables 7 and. 8 about here

Table 7 indicates that in general the trends apparent under the
original classification system {Table 4) have continued. Each section of
the Scott-Foresman series contains a greater nurber of types but a smaller
percent of types with freguency greater than five (and greater than 1)
than the eorreeponding Ginn section. This implies that the Scott-Foresman
books contain a greater variety of sentence types than the Ginn books ‘

and in this sense are more difficult. - The total number of types'for the




Section
of
Corpusg -
Pre-Primers
. Combined

Primers
Combined

‘Readers
Combined

TABIE 6

Comparison of Collapses

Noun Phrase and Verb Phrase

Original Collapsing Final
% of Types % of Typés % of-Types % of Types o % of Types. % of Types
No. of - with with No. of with with No.of . ~with . - with
- Types Freg. >5 Freg., > 1 Types Freg. =5 Freg., > 1 Types -  Freq. > 5 - Freg. > 1
b5l 10.1 39.9 218 21.1 52.8 153 oo . 57.5
1185 4.6 26.3 528 15.5 h2.2 sk 173 k6.2
2015 2.9 - 21.3 9% 9.8 32.0. 689 . 11.6 35.3

'_l
!
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TABLE 7

Statistics for Utterance Types under
Final Classification '

Total Number

% of Types with
Frequency > 5

% of Types with
Frequency > 1

Text - . of Types
Ginn Pre-Primer 90

Scott~Foresman

Pre-Primer : 116
Pre~Primers Combined | 153
Gimn Primer : | 204
Scott~-Foresman Primer 262
Primérs Combined -3k
Gim Reader - 325
Scott;Foresman )

. Reader B
Readers Combined ' 689

A1l Combined 882

30.0

164
-: 2&}2
23.5
- 12.6 ”
17;5'y
14.8
9.2

11.6

a7

56:7

5L.3
7.5
k9.0
40.5
h6.2
ky.3

28.2

35.3

hz.o'
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-TABLE 8

Distribution of Utterance Types under Final Classification

‘Pre-Primers Primers Readers A1l

Frequency Combined - Combined Combined Combined
621~630 0 0 0 1
5617570 0 0 -0 1

- 341-350 | 0 | 0 0 1
311-320 0 0 1 0
301-310 0 o _ 0 1
251-260 0 0 1 0
2h1-250 0 o) 0 1
251-240 : 0 1 0 0
211-220 0 0 0 1
191-200 0 0 0 0
161-190 0 0 1 0
171-180 0 1 0 1
161-170 0 0 0 o
151-160 0 0 0 1
141-150 i 0 0 1
131-140 1 0 0 o
121-130 0 0 1 o
111-120 0 0 0 0
101-110 0 o 0 o

91-100 1 1 1 2
81-90. 2 0 1 1
71-80 o 2 1 1
61-70 0 1 3 )
51-60 1 1 3 1
41-50 2 3 2 3
31-40 2 7 8 10
21-20 6 5 3 16
11-20 9 . 20 19 .29
1-10 126 320 Bl 800
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combined sections still indicates a large mumber of types present in
only one reader, but the percent of common types is now much greater than
in the previous classification systems. Again, 1t 1s generally the small

frequency types which are present in only one series.



CHAPTER TII

PHRASE~STRUCTURE GRAMMARS

In this chapter the phrase-structure grammars and thelr corresponding
statistical analyses will be presented. Basically, a phrase«structure
grammar is concerned with the division of sentences 1nt0 their constltuent
parts-—lnto phrases, subphrases, and flnally 1nto word categorles. _It _
con51sts of & set of rewrite rules from which, ideally, all of the grammatlcal
types and none of the ungrammatical types can be generated.

For this corpus sepaféte grammayrs have beeﬂ written for the noun
phrases, the verb phrases, and the verbal modifiers, and these specific
grammars have been utilized in the gremmar for the -complete utterances. -

The grammar for uiterances will generate such types as (NP+VP+NP), but '
will not generate such types as (T+HAHN+TVHA+AN). To generate a form of

the latier type, first the utterance grammar, and then the noun-phrase,
verb-phrase, and verbal-modifier grammars must be used. The reason for.

the construction of several smaller gramﬁars.instead of one large grammar
concerns the large number of sentence types and the extremely low frequencies

of occurrence within each type which one lerge grarmar would have to

. generate. This has been more fully explained in the second chapter.

The grammar for complete utterances has been: written as thfee
separate grammars, a grammér for statements with wverbs, a grammar for
. statements without verbs, and a grammar for interrogatives. . Originally s
fourth grammayr was planned-=-one for compound sentences; however, this type
- of utterance comprised only 1.1% of the corpus, and the type frequencies
‘were too low for statistical analysis. No grammar was written, but further

details of the compound utterances will be given later in this chapter.

21




22

A total of six grammars, then, have been constructed for the corpus;
the number of phrases involved of each of these and for the compound

utterances has been summarized in Table 9.

Insert Table 9 about here

The noun-phrase grammar will be presented first and will be used to
illustrate a phrase-~structure grammar as well as to demonstrate the details
of the statistical anailysis including the assignment of parameters, the
determination of the theoreticgl probabilities, the maximum-likelihood
function, and the calculation of the chi—square:values, This form of
analysis was followed for all grammars, and will not again be reported in
such detail. '

Noun—Phrase Grammar

The rewrite rules of the noun-phrase grammar are ShOWn in Table 10.
The complete noun—phrase grammar includes some transformatlons, but these

‘ w1ll be explained later.

?Insert Table 10 about here

The symbols used in Table 10 (and throughout this paper) have the
meanings commenly assigned to them by linguists:
' ' = rewrite as
{? ¢ choose at most one from within
( ): may delete contents
The meanings of the abbreviations may be found in Table 2.{Chapter II)
Table 11 shows the parameters which have been assigned to the choice
points of the grammar:. Throughout this paper variables which must sum to
one have the same name and. different subscripts. Thus in the noun-phrase
grammar, A1+A2+A5+ = 1, Bll+Bl2 = 1, and B21+B22+323 = 1. Capital. letters
will be used for parameters because many of the tables are in computer

output off of Model-33 teletypes which do not have the more traditional
small Greek letters.

Insert Table 11 about here

The parameters incidaﬁed:in Table 11l represent the following

 probabilities:




TABLE 9

Number of Phrases of Utterances to be Generated -
by each Grammar for each Section of the Corpus

' Statements Statements

Noun  Verb-  Verbal with  without | Compound
Text o . Phrases Phrases Modifiers Verbs Verbs Interrogatives Statements
.Gﬂumyhmmr 780 8oh - 30L 691 148 19 -0
Scott-Foresman - PR | - =
Pre-Primer 685 657 . 36 L8 113 L0 1
Pre-Primers Combined 1465 1551 . 620 1175 261 | 59 1
Gipn Primer 1687 1301 647 985 250 102 Y
Scott-Foresman Primer 1516 1186 06 762 186 6l 28
Primers Combined 5205 2577 1353 - ' ;747 . b6 : 166 Bl
Ginn Reader | ;5125 2020 s 1568 256 - 85 li8
Scott-Foresman Reader — 2724 1837 1320 1150 196 - 69 '.35-
Readers Combined 5847 5857 2746 2718 - 52 152 53

A1l Combined - . 10515 7985 . 719 5640 1149 | 377 &8

¢z
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TABLE 10

: Rewrite Rules of the Noun—Phrase Grémmar

NP - P
NP -G

W (1) + (A4

NP s A+A+A+N

TABLE 11

Rewrite Rules and Parameters
of the Noun-Phrase Grammar -

"Rewrite Rules : Parameters
‘ Within-
Rule~Choice  Rule-Choice
Probabilities  Probabilities’

NP>P B A

1
' NP — G . A2_7 7 | B2{”
| ) ot
NP - (T) + (§.4 1) + A S - =2
At+A 3 Bl 4

N
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-Al: Prohability of choosing the first noun-phrase rule
AE: Probability of choosing the second noun-phrase rule
A5: P;obability Qf chooging therthiyarnqunfghrase rule
Ah: Probability of choosing the fourth noun-vhrase rule

Bl,: Probability of choosing Tty

Ble:” Probability of deleting "T"

B2l: . Probability of choosing "A"

B2,: Probability of choosing "A+A"

B25: ,Prqbapility of deleting either choice

Note thét'while'nine parameters have been indicaited for this model,
only six of the'parameters are Iree to vary; the remaining three will be
determined becauge- of the three sets of parameters Whichxmust sum tc one.

- The theoretical probabilities of each string derivable from the grammar
can now he determined according to the generation rules, the usage of the
generatlon_rules is best illustrsted by a phrase-marker. For example,

consider the string, (T+AHN),

'Phrase—Marker Choice Probabilities
NP A o
A+
THAN Bll’ BEl

The theoretical probability of any grammatical type is the product
of the choice prebabilities; in this case the theoretical probability is:

1) Aj-BL B2,

Note that for this grammar énd all other grammars, the generation ends

with a non-terminal vocabulary of words describing parts of speech rather

then a terminal voecabulary of words such as: "the", Toirl", "pretty”, etc.
In this way the theoretical probabilities of all strings derivable

from the grammar can be determined. These are presented in Table 12.

Insert Table 12 about here

As Table 12 shows, nine types of noun phrases are derivable from the
model and six free parameters are used in the theoretical probabilities.
Thus the original model allows two degrees of freedom. . The number of
degrees of freedom for this grammar and for the following grammars is

sometimes decreased because of low predicted frequencies; whenever the
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TABLE 12

”Types Derivable from the Noun-Phrase Grammar
: and their Theoretical Probabilities

Type o " Theoretica1 Erbbabi;ity
? o A
“« L Ay
n Ay e BL, B2
AN Ay« Bl, © B2y
ARAHN A, + BL, - B2,
T+ A5 '.-‘_-'Blgl_ . 1.325' -
THAHV Ag + BL) - B2, |
PHATAHT Ay Bl B2

| 17 e
AHA+AR o o




27

predicted frequency of a type was less than five, the observed and
predicted fregquencles of that type were combined with those of the
following types until the total predicted frequency was greater than five.
- One degree of freedom was lost each time one cell was combined with another.
- This will be illustrated when the statistics for the noun-phrase grammar
are presented.

The parameters were estimated according to the method of maximum-
likelihood. This method is easily appiicablé as long as the grammar is
unambiguous; that is, as long as each syntactical type can be generated
in only one way. This can be geen to be the case for the noun-phrase
greammar and for all the remaining grammars with the exception of one
utterance type in the grammar for interrogatives. When more than one
derivation for a given syntactic type is possible, the maximum-likelihcod
method is still workable, but the calculations are much more difficult.

. The theoretical probability for a type with more than one derivation
wnsists of a sum of terms similar to the probabllity given on line 1,
and this greatly increases the complexity of the likelihoed function.

The likelihood function congists of a product of ‘N terms where N is
the number of different grammatical types derivable from the grammar.

For the noun phrase grammar N is nine. Each term 1s the theoretical

probability of one of the syntactical types raised to the power which is

the number of occurrences of that type. For the noun phrases the likelihood
- function is:

: f ° ° ° o o o ] f . o e o f e
2} (a)F (Ae)fG _(A5 Bl, B25)fii (A3_Bl B2, ) A+N (A5 BL, B2, ) A+A+N

2
(A,-B1 B2 )TN (A_-BL -B2 Yreasw (A -BL B2, Yipearss -
3771773 37171 3771 2
(4,) rarasy
" where "f" stands for observed frequency and the type is indicated as a
subseript. Note that in the caze of a grammar which generates an infinite
number of types, the likelihood function is truneated in ﬁerms of freguencies.
The likelihood function does not reflect any decision about the existence
of a fixed finite number of syntactical types in the corpus; it is only a
decision relative to freguencies in the corpus.
The maximum=-likelihood estimates were then substituted into the

theoretical probabilities to obtain numerical theoretical probabilities,
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and the products of these with the total number of phrases give the

theoretical frequenciles. Chi~square values were then computed to determine

“the goodness-of-Tit of the predicted frequencies to the observed frequencies.
To complete the noun-phrase grammar some obligatory transformations

Wwere necessary.  sSuch transformatioﬁs are applied after all applicable

generation rules have been used and are used to handle cases in which

under certalin conditlons exceptions from the generative rules always occur.

. For the noun-phrase grammar the cobligatory transformations are:

a) If "N" is "something”, A+N — N+A.

b} If "A" ig "what” or "all", THAHN -» AHTHN.

c) If ”Al” is "what" or "all", THA +AHN — A +T+A 4T,

Transformation (a) is necessary to transform a phrase like

red
“something” (A+N) into "something red"” (N+A); transformations (b) and (c)
change phrases. like "the all children” (T+A+N) and "a what big ball"
(T+A+A+N) to "all the children™ (A+T4N) and "what a big ball® (A+DT+AHY).

To generate a string given by a transformation, the string to which
the transformation is applied is derived according tc the generative rules.
- Then, if the terminal wvocabulary selected for the non-terminal string
satisfies the assumptlons of the transformation, tThe transformation is
automatically applied.  This means that for purposes of analysis,
- instances of strings which are generated by obligatory transformations
are counted as occurrences of the corresponding strings before the
transformation. Thus the observed frequency of the grammatical type (A+N)
i3 the sum of - the frequencieé of type (A+N) and tyﬁe (+A) where "N” was
~chosen to be "something.” Obligatory transformations do not effect the
number of parameters or the theoretical probabilities.

Optional transformations are also possible, and these do effect
the number of parameters and +the theoretical probabilities. The possible
- need for opticonal transformations is apparent in grammars for complete
‘sentences; for example, one might want to change "I am coming.” to "I come.”
some of the time, but not alwayz. This choice could be made available by
‘an optional transformation.  Optional transformations require a parameter
for each option, and these parameters become terms in the products

representing the theoretical probabilities. = The parameter estimation and
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the remaining statistical analyses are the same whether or not optional
transformations are used. Optionail transformaiions were nct necessary
for the noun-phrase grammar or for any of the phrase-structure grammars.
The categorilal grammar fbr noun phrases, glven in the fourth chapter,
does use an optional transformationi‘

| For the nounuphrase grammaf.the analysis desgcribed above was rTun on
the individual séctions of the-corpﬁs—-the'Ginn pre-primer, the Scott-
- Foresman pre-primer, the pre-primers combined, the Ginn primer, the Scott-
Foresman primer, the primérs'combined, the Ginn (first) reader, the Scott- i
Foreéman'reader, and the readers combined--as well as on the entire COTPUS »
This was true of the other grammars whenever the type frequencies were .
sufficiently large. Tables 13-16 summarize the results of the nouﬁ%
phrase analysis. Table 13 shows the percent of each section of thé
corpus accounted for by the grammer (that is, the percent of utterances
in the corpus whoge syntactical types are derivable from the grammar);
Table 14 gives the maximum-likelihceod estimates; Table 15 provides a
comparison of the toial chi-squares for each section; and Table 16 ‘shows
for each section the cbserved and theoretical frequencies and corresponding
chi-square contributions of each type; A11 computations for Tables 14-16
and other tables of a similar nature were carried out with five decimal
digits; the resu;ting values were rounded bff at the time of output ©o

those shown in the tables.

Insert Tables 13-16 about here

The second page of Table 16, the page for the Scott-Foresman pre-primer,
illustrates all of the notation used in this table and in the corresponding
tables for the remaining grammars. The source designated "Expected Freq.
Tess Than 5.0" is the total from categories which have been combined becsuse
of low expected frequencies; it occurs whenever the expected freguency has
accumulated to 5.0. For the Secott-Foresman pre-primer, the observed and
expected values of this source are the sums of the corresponding values
‘of types (A+A+N) and (T+A+A+N); the chi-square is obtained from the. total
values. Here two categories were combined into one, and so one degree
of freedom was lost at this point. A secohd degree of freedom was }ost

because for the last type, (A+A+A+N), the expected frequency was again less




"Ginn

Pre-Primer Pre«Primer =~ Combined

Percent of each Section of the Corpus Accounted for by the Noun-Phrase Grammar

S-F

Pre-Primers Ginn

Primer Primer Combined Reader Reader Combined Combined

TABLE 13

Primers

Ginn

8-F

~ Readers

Al

99.0

- Parameter

'....I

BL

n

B2

o

B22

B2

98.1

98.6

98.6

S-F
97.8 98.2
TABLE 14

98.7

97.3

98.0

98.2

Maximum-1ikelihood Estimates for each Section of the Corpus for the Noun-Phrase Grammar

S-r

A11

Ginn S-F Pre-Primers Ginn Primers = Ginn  S-F  Readers
Pre-Primer Pre-Primer _Combined  Primer Primer (ombined Reader Reader Combined Combired
.2979 6309 .u529 4369 5290 4803 .3710 L3761 3733 171
.3290 1964 2673 719 .18k 1608 L1535 1218 L1389 L1635
3718 f1-726 2791 . 3810 | . 3205 . 3525 LE7T 0 4960 4808 | L3y
L0013 .0000 . 0007 .0102 ',.Qoéo . 006k .00T8 .0060  .0070 .0059
6272 LTh .5831 5820 L5453 .5663 L61h2 .u651' L5421 | .5522"
5728 .5259 4169 4180 LshT 33T L3BS8 L5369 AST9C o LMATT
.2265 +3276 +2556 3502 3058 3697 3338 L3939 m56é5 35h3
L0871 L0776 .08l 1561 1495 L1533 L1312 L0973 1150 1221
686k .5948 6600 1937 f A5LTLTT0 L5350 ;5087‘7 .5225 5237

\N
&)



31

TABLE 15

Comparison of Total Chi-Squares for Noun-Phrase Grammar

Text
Ginn Pre~Primer

Scott~-Foresman
Pre-Primer

Pre-Primers Combined
Ginn Primer

Scott-Foresman Primer

© Primers Combined

Ginn Reader

'_Scott—Foresman Reader

Readers Combined

All Combined

No. of Fhrases
Accounted For

772

672
by
- 166k
1482
3146
3081
2651
5132

10322

 Total Degrees

Chi-Bguare of ¥reedom
.5 1
2.3 0]
1.3 1
52.2 o
42.6 1
95.3 - 2
81.5 2
1775 2
2h7.6 2
2

316.8




Observed and Expected Frequencies, Chi-Square Contributions, and Total
. Chi-Squares for each Section of the Corpus for Noun-Phrase Grammar

OBSERV,

230
254

76 .

23
8
121
42
17

1

772

50

TABTE 16

'GINN PRE-PRIMER

EXPECT. CHI#**2 SOURCE
230,0 .0 P
254,0 0 G
7534 Ql N
24,2 o1 AN
9.3 o2 A+ASN
123,6 ol TN
40,8 0 T+A+N
15,7 ol THAHAEN
1,0 A+AtA+N
1.0 RESIDUAL
772,0 5 TOTAL

DEGREES OF FREEDOM

SCOTT-FORESMAN PRE-PRIMER

OBSERV,

424
132
33
24
4
36
14
5

9
0

672

EXPECT, CHI%x2
424,0 -0
132.0 -0
36,3 o3

20,0 « 8
4,7
32,7 03
18,0 e
4,3
9,0 .0
o0
o0
672.0 203
0

SOURCE

P

G

W

A+ N
A+A+N
T+
T+A+N
T+A+A+N

EXPECTED FREQ. LESS THAN 5,0

A+A+A+N

RESIDUAL
TOTAL

DEGREES OF FREEDOM



TABLE 16 (continued)

OBSERV.

654
386
109
47
12
157

56

22
1

1
- 1444

OBSERV,

721
286
86
123
56
227
99
a3
17

0
1664

33

EXPECT. CHI**2
654,0 .0
' 386.0 .0
110.9 .0
42 .9 |
14,2 . )
155 .1 «0
60.1 3
19,8 2
1.0
}.0
1444,0 | .
H
GINN PRIMER
EXPECT. CHI%x*2
727.0 .0
286,0 «0
130,8 15,4
92.8 9.8
4] .4 5.2
182.,2 11,0
129.2 Tol
57.6 3.7
17.0 «0
0
1664,0 52,2
2

. PRE-PRIMERS CCMBINED

SOURCE

P

G

N

A+ N
A+A+N
T+N
T+A+N
T+A+A+N
A+A+A+N

RESIDUAL

TOTAL -
DEGREES OF FREEDOM

SOURCE

P .
G
N

A+N
A+A+N
T+N
T+A+N
T+A+A+N
A+A+A+N

RESTDUAL
TOTAL
DEGREES OF FREEDOM
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TABIE 16 (continued)

SCOTT-FORESMAN FRIMER

OBSERV. EXPECT. CHI%**2 SOURCE

784  784.0

220 220,0
63 98,2
110 85,5
43 . 32,3
153 ~117,.8
8. 102.5
3 3.0

1482 1482.0

PRIMERS COMBINED

-.O
o0
!

1

ST XC N Y- %

BN AN Yo WL RN Y

42,6

P

-6

N

-A+N

A+A+N
T+N
T+A+N
T+A+A+N
A+A+A+N

RESIDUAL
TOTAL
DEGREES OF FREEDOM

OBSERV. EXPECT. CHI%x%2 SOURCE

1511 1511,0

508 506,0
145 229.4
233 - 177.8
99 . 13,7
380 ... 299,6
177 232.2
71 96.3

¢ .0

3186 3146.0

 ;07

.0

s & & o &

Or—Or ~im N

95,3

P

G

N y
A+N .
A+A+N
T+N.
T+A+N
T+A+A+N
A+A+A+N

RESIDUAL
TOTAL
DEGREES OF FREEDOM
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TABLE 16 (continued)

GINN READER
OBSERV. EXPECT, CHI%%2 SOURCE
1143 1143.0 0 P
A73  413.0 0 G

215 1 297.5 22,9 N
238 185,6 - 14,8 A+N

103 72.9 12,4 A+A+N
556  473,5 = 14,4 T+N
243 295.4 . 9,3 T+A+N
86 116,01 7,8 T+A+A+N
24 . 24,0 0 A+A+A+N
0 .0 RESIDUAL

3081 3081,0 81.5 TOTAL
2  DEGREES OF FREEDOM

SCOTT-FORESMAN READER
OBSERV, EXPECT, CHI**2 SOURCE

997 $%7.0 0 P

323 323,0 - 0 G

239 359,.2 40,2 N

370 278,.1 30.4 A+N
97 68,7 - 11,8 A+A+N
430 309.8 46,6 T+N
148 239.9 35.2 T+A+N

31 - 59,3 13.5 T+A+A+N
16 16,0 0  A+A+AHN
0 -0 RESIDUAL

2651 2651.0 177.5 TOTAL
| 2  DEGREES OF FREEDOM
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TABLE 16 (continued)

READERS COMBINED

OBSERV. EXPECT. CHI#%*2 SOURCE

2140
796
454
608
200
986
391
17
AD

0'
5732

OBSERV,

4305
- 1688
712
888
311
1523
624
210
€1

10322

P

G

N

A+N
A+A+N
T+N
T+A4+N
T+A+A+N
A+A+A+N

RESIDUAL
TOTAL

DEGREES OF FREEDOM

P

G

N R

A+N
A+A+N
T+N
T+A+N
T+A+A+N
A+A+A+N

RESIDUAL

2140,0 . .0
. 6%9.4 64,0
. 457,5 49.5
145 ,2 20.7
780.6 54,0
. 541,5 41,9
C171.8 11,5
40.0 .0
.0
5732.0 247.6
2
ATI, COMBINED
EXPECT. CHI**2 SOURCE
4305.0 .0 |
1688,0 .0
1000, 7 83,3
671.0 65,8
233,3 25,9
1234,3 67.5
835,0 53,3
287,17 21,0
61,0 .0
- .l
10322 516,.8

2

TOTAL

DEGREES OF FREEDOM
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“than five. The line labeled "Residual” contains types such as (A+A+AHY)
. whose individual predicted frequencies were less than 5 and whose total
predicted frequency was less than 5; that is, the residual contains all
types whose predicted frequencies were less than.5 and :which fell below the
last "Expected Freg. Less Than 5.0" line. The residual also contains
round-off errors (causing some negative values) and the values (observed
frequency, predicted frequency, and chi-square cdntribution) for unlisted
types. Unlisted types are those generated by the grammar but not included
- separately in the source column. The phrase-structure grammars genérate a
finite number of types and these are all listed so there will never he
unlisted types; the verb-phrase categorial grammar, however, generates
an infinite number of types and the values of those with. non-zero
probabilities will be included in the residual. When the expected fregquency
~.of the residual is greater than 5 (possible because of unlisted types),
the chi-square is evaluated and one degree of freedom is added; otherwise
1t is rot. Due to the two degrees of freedom lost through collapsing,
the noun-phrase grammar for the Scott-Foresman pre-primer has zero degrees
" of freedom. The chi-square for this part of the corpus must.be studied
for descriptive purposes only and must not be used to determine significance
. levels.

Az Table 135 indicates, the noun-phrase grammar accounts for a very
high percent {99.2%) of the noun phrases in the entire corpus, and for a
nearly equilvalent percent of each section of the corpus. It does not
generate any types which do not appear in the corpus; in fact, all derivable
" types occur at least 60 times in the corpus as a whole..  Thus according
to the criteria of generating all types appearing in the corpus, and only
those, this grammar is very good. .

The chi-square tables {Tables 15 and 16) indicate the "goodness”
of the grammar with regard to type frequency. In discussions of the chi-
square values the term "comparative chi-square value" will be used to -
indicate that any differences in degrees of freedom have been considered
and the effects incorporated into the comparisons. When differences in
‘degrees of freedom made compariscns difficult, an F-test of signifiéance
was used. For the noun-phrase grammar the comparative chi-square values

increase significantly form the pre-primers to the primers and from the
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primers to the readers, indicating that with regard to frequency the grammar
1s much more representative of the pre-primers than the primers and readers.
. Por the pre-primers and primers the cqmparative chi-squares for the Ginn and
Scott-Foresman books are roughly eguivalent, but for the readers the Scott-
- Foresman chi-square is considerably greater. With respect to type frequency,
the grammar 1s a much better representation of the Ginn reader than the
- Scott-Foresman reader.

With the exception of the pre-primers the comparati#e chi-square
" yvalues are higher for the combined volumes than for -either volume separately,
and the comparative chi-gsquare for the total corpus is the largest of all.
This trend indicates the difference in noun-phrase type-frequency patterns
for the two reading series and for the different sections within each -
- geries. The difference is apparent -in the observed frequencies, and is
most obvious in the readers. The Scott-Foresman reader, for -example, has
more phrases of type (N) than of any ‘other type containing ”N",_While-in
the Ginn reader phrases of types (A+N), (T#N), and (T+AHN) all have greater
frequencies'than phrases of type (N).

- Table 16 gives further details regarding the chi-square values. The

- first, second, and last noun phrase types, (P), (@), and (A+A+AH),
contributed nothing to the chi-sguare value because the thecretical probabilities
“'of each of these types consisted of only one parameter. TFor the pre-primers
—and the pre-primers combined the comparative chi-square values are consistently
low. For the remaining sections consistently high contributers to the
‘fotal chi-squere are the (N), (A+N); and (T+N) types, with predictions
for type (N) being consistently high and predictions for types (A+N) and
(T+X) being consistently low. For the readers individually and combined
the predictions for the (T+AtN) types are high yielding additionally large
chi—square'contributions. The table also shows that the great difference
‘in total chi-square hetween the Ginn and Scott-Foresman readers 1ls caused
by higher contributions for all types in the Scott-Foresman book rather
than one extremely large contribution from one or a few types.

Figure 1 shows the fit of “the noun-phrase grammar to the entire corpus.
"The observed frequencies were arranged in rank order and plotted accordingly;
the predicted frequencies were plotted at the rank of their corresponding

ohserved value.

Insert Figure i1 about here
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The figure shows an extremely good fit. With the exception of type
'(A+N), the predicted rank order is the same as the observed, and the two
curves are nearly ildentical. . .However in view of the large number of parameters

which have been used and the small number of degrees of freedom, it is not

" purprising that some sort of fit has been obtained. Tt is hoped that in a

later stage of investigation the numbér of parameters chn-be reduced.

Verb-Phrase Grammar

The verb-phrase grammar including the rewrite rules and four

obligatory transformations is presented in Table 17.

Insert Table 17 about here

The parameter notation used for the noun-phrase grammar-has been
continued for the verb-vhrase grammﬁr and will be used throughout this
chapter. The Ai parameters always denote a rule~choice probability, and
the Bji parameters denote probabilities of choices within a given rule. In
g. column of Bji paramgters-the first member indicates the probabllity of
the first (the top) choice within the parentheses, the sedond member the
second choice, and so on, and the last member of the column indicetes the
probability of choosing nothing from that set of parentheses. Inxthe vérb-
rhrase gremmar, Bl, is the probability of choosing‘"ME",-BEl is the
3 1s the probability of deleting both

possibilities. Note that the same parameters were assigned to corresponding

probability of choosing "M5+-", and Bl

choices for each verb type. There was no & priori reason to think that
modals or negatives would occur a greatef.proportion of the time with
transitive verbs than with intransitive or copulative verbs. Nine types
are derivable from the verbrphrase grammar and four free parameters are
used; whenever no collapsing of categofies {explained in the noun-phrase
section) is required, the model has three degrees of freedom.

The verb phrase gfammar employs subscripts to denote verb form. When
a modal 1s used, the verb must be in the infinitive form, and this.is-
denoted by the obligatory assignment of the subseript, 3, to the modal
and to the verb once a modal has been chosen. If no modsel has been chosen,
the subscript, 52(indicating infinitive form), may not be assigned to the
verb, but the verb may be either singular (1=1) or plural (i=2). In the

utterance grammars subscripts will be assigned to the subjective noun
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TABLE 17

'The Verb~Phrase Grammar

Rewrite Rules : o Parameters
' Rulé«~Choice - ° . Within-Rule-Cholce
Probabilities . Probabilities
| My < BLy
VP M- v, A S Bl,
| - - . B
. , 3
-+ . .
VP - s v, _ A, | Bl,
) Bl
M5 _ Bll
2N | VU § UV A Bl,
3 + ' ' BL,

i =1 => singular verb form

1 =2 =>plural verb form

>

i = 3 => infinitive verb form <=> M, occurs

Obligatory transformations:

v, IV3+ing

- -
1. If M5 is a form of "to be", TV3 - TV5+ing'
CV5 CV3+ing

“2a. If IV3 is a form of "to be" or "to do" and M5 is a form of "to be"
or "to.do", M +-+IV_ — IV +~, i¥55.
40T, Mgt=tT¥y = TV, +
2b. If'IVi is "will", "ecan", "may", "must", "shall", or "could",
Mh-+IV, - IV, +-, i#3.
3. If TV, is a form of "to be" and M3 is a form of "to be" or "to do",
NI}"“—""II";T3 _)_Tvi+-’ 1#53. . .

L, If CV3 is a form of "to be" and M5
. - . 7.3 L
MgbetCV; - OV, +-, i£37,

is a form of "to be" or "to do",
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phrases and to the verbs so that subjects and predicates will be forced
to'agree in number and perscn. However no parameters will be assighed to
the choice of subscripts; that is, types with singular subjects and
predicates will not be distinguished from the corresponding types with
~plural subjects and predicatés.' In a complete grammar this distinction
‘might be made, but the problem of many types with low frequencies precluded
doing so’' at this stage. _

Because forms of the verb "to be' are available choices for "M5"’
transformation 1 is reguired to change phrases like "is go" and "are come"
to "is going" and “"are coming”. Transformations 2 - 4 were necessary to
change phrases like "am not being” and "do not be" into "am not” and
"do not". While English usage does permit the untransformed forms (as in

" and "Do not be that way."), the untransformed

"She is not being very nice.
forms were not used in this corpus. Transformation 2a, involving
intransitive verbs, changes phrases'like "does not do" into "does not",
g0 utterances like "She does not.” are derivable from the utterance grammar;
however, transformation 3, invelving transitive verbs, does not allow this
transformation, and so utterances like "He does not do his homework.”
are also derivable from the utterance grammar. ' .

No work with verb tense has been done in this anslysis. For the
most part in this corpus past and future teﬁses are formed through the use
of the auxiliaries "did" and "will". Some use of "ed" endings is made, but
a refinement of the analysis to include tense characteristics at this
point would only serve to confuse the presentation and statistical analysis
of the more important structural characteristics.

Tables 18 through 21 present the statistical analysis of the verb-
phrase grammar. On the tables éubscripts are éhown in parentheses. It
shouid be noted that instanceé of modal plus verb combinations in which
the modal and. verb were necessarily separated (as in interrogatives such as
"May she come out with us?") were included in the frequency counts of the
respective modal plus verb types. Some contractions such as "can't" and
"don't" were used; these were considered to be transformations of the
terminal vocabulary and as such were not distinguished from the corresponding

“uncontracted forms. Similarly, in the grammars for complete utterances, the
subject-verb contractions such as "I'11" and the verb-cbject contractions

such as "Met's" were treated as the uncontracted forms.

‘Insert Tsbles 18-21 about here




TABLE 18
Percent of each Section of the Corpus Accounted for by the Verb-Phrase Grammar - |

Ginn S-F Pre-Primers Ginn S-F Primers Ginn 8-F Readers =~ All

Pre~Primer Pre-Primer Combined Primer Primer Combined Reader Reader Combined Combined
,,,,,,,, 100 100 106 100 99.7 99.8 99.6 99.7 9.7 99.8
TABLE 19
Maximum-likelihood Estimates for each Section of the Corpus for the Verb-FPhrase Graymér -
Ginn - 8-F Pre-Primers Gimn . S-F . Primers. Ginn  S-F :Reaﬁeis : Ail -
Parameter  Pre-Primer Pre-Primer _Combined Primer ‘Primer  Combined Reader Reader“'Combinedu,Combined
A .5671 ' .5662 5667 L0968 L4560 4780 .53%383%  .kB20 ;51iu L5113l
A, 4228 Ryt Johg 4508 L5102 4780 L4289 .h8hk2 4553 g L4567
A . .o101 . 0061 . 008k .0525  .03%8 O0h39 L0328 .0338 .0333 ; .0319
Bl, -0805 -1557 1115 1503 .1286 (1403 .1605  .112k L1376 ¢ .133h
Bl, .0190 0654 .0387 060k 0956 .0766 L0711 L0617~ .0666 - .0Gkh

Bl .50k 7808 L8498 .7B9k L7758 .783L .768k  .8250  .7958 . .8022
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TABLE 20

Comparison of Total Chil-8quares for the Verb-Phrase Grammar

No; of Phrases

Degrees

Text g Accounted FQr
Ginn Pre~Primer 89&

Scott-Foresman

Pre-Primer ' 365?
Pre—Primgrs Combined _ . _fl551
qiﬁn Primer | 1391
Scott-Foresman Primer 1182
Primers Combined. 2573
Ginn Reader 2012
Scott—beesman Reader | '1852
Readers Combined | _ 58ﬁ4

A1l Combined 7968

Total Chi-Square

4.9

b4
33.5
34.9
36.9
69.1
72.9
12.9
57.3
159.1

of Freedom

2

ASY

= W

+ + \H W
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TABLE 21
Observed and Exﬁected Frequéncies, Chi-Square Contributions, and Total
Chi-Squares for each Section of the Corpus for the Verb-Phrase Grammar
GINN PRE-PRIMER

0BSERV. EXPECT. CHI**2 SOURCE

456,5

34 40,8 lel M-IV
1§ 9.6 2 M-+1V
336 340,4 el TV
38 30,4 1.9 MTV
4 7.2 1.4 M=+TV
7 Ba! 2 CV
] o7 - MCV
2 02. M+-+CU
2 oS RESIDUAL
> 894 854,0 4,9 TOTAL.

DEGREES OF FREEDOM

SCOTT-FORESMAN PRE-PRIMER . -

OBSERV. EXPECT, CHI*%2 SOURCE

325  290.5 4.1 1V
30, 57.2 12,9 M1V
17 24,3 2.2 We+IV
187  219.4 4.8 TV
68 43,2 14,2 MTV
26 18,4 3.1 Me=tTV
1 3.1 oV
3 .6 M+-CV
0 o3 M+=+CV
4 4.0 RESIDUAL
657  €57.0 41,4 TOTAL

DEGREES OF FREEDOM



TABLE 21 (continued)

L6

. PRE-PRIMERS COMBINED

OBSERV,

787
64
28

523

106
30

8

5 .

1551

OBSERV,

579

75

3T,
455
131
Y

64

6

6 .

1391

3
5

3

EXPECT, CHI**2 SOURCE

747,0

98,0
34,0

~ 560,0

73.5
25.5
1'1.0
145
)

1.9
1551.0

»

2.

1

2
14,

Iv
M-IV

 MbetIV

TV

. MTV

M -+TV
cv

. MCV

33,5

GINN PRIMER

EXPECT.

545, 4
103,8
A1.7
492,9
94,2
37.9
57.6
11,0
4.4

4.4
1391.0

CHI*%2

Gt 0N
. o & * & 0 @

\n .
L ]

34,%

M =+CV

‘RESIDUAL

TOTAL

DEGREES OF FREEDOM

SOURCE

IV

M-IV

ME-+1V

v
M-TV

M =t TV
cv
MECVY
M- ~+CV

RESIDUAL
TOTAL

DEGREES OF FREEDOM




TABLE 21 (continued)

v

SCOTT-FORESMAN (FRIMER

OBSERV. EXPECT. CHI*%2 SOURCE

DEGREES OF FREEDOM

459 418,2 4,0 1V
53 69.3 3.8 MHIV
27 51,5 11,7 Me=-+1V
428 A67.8 3.4 TV -
97 77.5 4.9 MTV
78 57,6 7.2 M=+TV
30 31,0 0 CV |
2 5,1 1.9 MCV
8 3.8 Mt =tCV
8 3.8 RESIDUAL
1182 -~ 1182,0  36.9 TOTAL
3
PRIMERS COMBINED
OBSERV. EXPECT. CHI*x*2 SOURCE
1038 963.3 5,8 1V
128 172.6 11,5 M+IV
64 94,2 9,7 Mr~+1V
883 963.3 6.7 TV
228 172.6 17.8 MeTV
119 94,2 6.5 M+=+TV
Q4 88;5 ) 03 cvV
5 15.9 7.4 MCV
14 8.7 3.3 Mr=4CV
0 -0 RESIDUAL
2573 2573.0 6€9.1 TOTAL
o \

DEGREES OF FREEDOM




TABLE 21 (continued)

OBSERV,

901
i21
61
585
199
79
&0
2
3

2012

OBSERV.

755
85
43

716

109
.62
42

12
8

8

1832

b8

"GINN READER

EXPECT. CHIX*2 SOURCE

832,2
77.0
663,1

- 138.5%
61,3
50,7
-10.6
4,7

2012.0

EXPECT.

729,.2
99.3
. 54.5
732.5
98.7
54,7
51.2

7.0

3.8

3.8
1832,0

Iv
IV

CMEe+IV

™
TV
M o+TV

.CV

MCV
M =+CV

RESIDUAL
TOTAL

DEGREES OF FREEDOM

SCOTT-FOREEMAN READER

CHI**2 SOURCE

.9
2,1

. 2.4
.4
.9

L s
LI
h -0

12,9

Iv
M1V
M=-+1V
™
MTV
M =+TV
cv-
M-CV
M =+CV

RESIDUAL
TOTAL

DEGREES OF FREEDOM




TABLE 21 (continued)

0BSERV,

1656
206

. 104
1301
308
ta]
102
15

1t

3844

0BSERV,

3481
398
196
2707
642
290
204
23
27

7968

49

READERS CCOMBINED

EXPECT. CHI%%*2 SOURCE

1564,5 5,4 IV
- 270,.6 15,4 M+IV
!30.9 5.5 M+-+IV
1392.6 6.0 TV
240.8 18,7 MTV
116.5 5,1 MeetTV
101.9 .0 CV
17.6 .4 MeCV
8.5 07 M'P--!-CU
-0 RESIDUAL
3844.0 57,3 TOTAL
4 DEGREES OF FREEDOM
ALL COMBINED
EXPECT, CHI*%2 SOURCE
3269,0 13,7 1V
543,6 39,0 M1V
- 262,.4 16,8 M+=+]V
2919,.3 15,4 TV .
485,5 50,5 M-IV
234,.3 13,2 Mbe+TV
203.8 .0 CcV
33,9 3.5 MCV
16.4 6.9 M+=+CV
-1 RESIDUAL
7968.0 159,! TOTAL
4

DEGREES OF FREEDOM
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Table 18 ghows that like the noun-phrase grammar, the vefb—phrase
grammar accounts for a very high percent of the verb phrases in the corpus.
The only cases not included were those in which the modal and verb were
separated by an adverb or adjective as in "He was slowly going to Tom."
All types derivable from the grammar appear in the corpus.

Unllke the chi-squares for the noun=-phrase grammar, the comparative
chi—Sqﬁares for the verb-phfase grammar show no significant increase from
the pre-primers to the readers (Table 20); in fact the comparative chi-square
for the readers combined is less, though not significantly less, than that
for the primers combined. In addition the Scott-Foresman pre-primer has
z relatively high comparative chi-sguare and the Scott-Foresman reader a
relafively low comparative chi~-square. Teble 21 indicates the reascn for
this. . In the assigmment of parameters, the assumption was made that the
proportion of modal pius verb and modal plus negative plus verb types
was eguivalent for =211 three kinds of verbs, and this assumption was more
nearly fulfilled by the observed frequencles of the Scott-Foresman reader
than by those of the Scott-Foresman pre-primer. In fact, as Table 21
indicates, most of the relatively high contributions to the chi-sguare
values were the result of this assumption. In all but one instance (the
Ginn premprimer) the observed proportions of modal plus verb types and
modal plus negative plus verb types are greater for transitive than for
intransitive verbs. | |

In general the verb—?hrase grammar provides a better fit than the
nourn-phrase grammar; with thefexception ofithe pre-primers the total
chi-squares are lower and the degrees of freedom are greateru However,
these differences are significant at the .05 level only for the Scott-

Foresman reader and the readers combined. In both grammars the power of
the chi-square tests 1s very large because'of the ektremely large number of
observations. The chance of being right in rejecting the nuil hypothesis

is very high.
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Figure 2 corresponds fo Figure 1 for noun phrases and, like Figure 1,
indicates an extremely good ity again, however, the numbef of degrees of
freedom is small, and some gort of fit would be expectedflJIt shonld be-
noted that Figures 1 and 2 represent the fit for the entife corpus whlch
had equivalent or larger comparative chi-sguares than'the individual |
sections. Thus similar figures for individual sectiqns of the corpus would
show fits which were as good or better than those indicated by Figures 1
and 2.

Ingsert Figure 2 about here

Grammar for_Verbal Modifiers

The grammar for verbal modifiers is presented in Table 22, fTﬁentyh~
nine syntactic types are derivable freom the grammaf and twenty free parameters
are used;. when no coliapsing due to low predicted: frequencies is needed, the

model has eight degrees of freedom. No transformations were required.

Insert Table 22 about here

Tsble 25 shows that an extremely high percent of the verbal modifiers
in each section of the corpus is derivable from the grammar, and the
observed frequencies (Table 24) show that all derivable types are .found at

least once in the corpus.

Insert Tables 23 gnd 24 sbout here

Many types in the individual sections of the corpus had Zero or very
low frequencies, and so the: chi—square values for these sections were not
meaningfni, _When tne theoretical probability of a type should be zero,
any dnenof the parameteré“in'fhe product'can bé zérofnnd‘nne remaining
barameters can be given the values which give the best it to the observed
frequencies of other types. In the individual éections there were enough
types of zerc freguency to enable'the grammar to give a perfect or nearly
perfect fit. . The pfbblem is further indicated by the fact that for
individual sections so much collapsing due to low predicted frequencies
would have been necessary that all individual sections of the corpus with
the exception of the Scott-Foresman reader and the readers combined would
have had negative degrees of freedom. The statistical analysis was completed

only for the entlre corpus and is presented in Tables 25 and 26.

Insert Tebles 25 and 26 zbout here
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TABIE 22

' The Grammar for Verbal Modifiers .

Rewrite Rules. o ‘JPafémétérsf?.
Rule-Choice. © ° Within-Rule-Choice
Probebilities °~ = __Probabilities.
B2
1
P B2
J+NP 2
VM - (Adv) + J + NP + Adv Al Bl 1325
o . PR my
B2
>
By
Adv L 2
_ ' Adv+Adv | _ 7 B35
VM — Adv + | { AGv+J+NP A a5
_ 2 B2y,
: C+AdV I o
- -].356
.Bh‘l
Adv 2
VM - Lo+ (’ JHNP 2) As B,
V™ - 8 + (J+NP) _ Ay B
B,
B6,
VM-I + (1) A _'
. A B,
WM-—-J+L A6
: 3
NP , , . B2
JHNP e
+ . .
VM — NP AdV AT ,325
CHNP , B2
‘ B2




- TABLE 23

 Percent of each Section of fhe:Corpus Abcountéd for by the Grammar For Verbal Modifiers

Ginn S-F Primers Ginn  S8-F Readers S A1l

Ginn S-F PreaPrimers ]
Pre-Primey Pre-Primer Combined Primer Primer Combined Reader Reader Combined Combined
100 98.4 99.2

99.2  98.9 - 99.0 98.8  97.1 98.0 “98.5

74



TABLE 24

Observed Frequencies of Verbal-Modifier Types in each Section of the Corpus .

Ginn _ 8-F Pre-Primers Ginn 8-F Primers Ginn 8-F Readers All
Me Pre-Primer Pre-Primer Combined Primer Primer Cowmbined Reader Reader Combined Combined
J+HP 87 109 196 222 219 b1 500 ho3 923 1560
J+HNP+NP o 4] 0 0 0 0 2 6 8 8
JHNP+JHNP 0 0 0 10 10 20 60 26 96 116
JHNP+ADV 0 1 1 14 6 20 26 19 hs 66
JHNP+C4+NP 2 4 6 2 8 10 13 L 17 33
ADV 61 76 137 208 225 433 6o = 381 841 111
ADV+ADV 1 2 3 18 12 30 57 67 ish 157
ADVHADVHATV 0 0 0] 0 0 0 4 5 9 .9
ADVHADV+IHNE 0 0 0 3 o - -3 7 3 10 13
ADV+C+ADY 7 2 9 6 1. T 16 22 38 “ 5k
ADV+, 0 0 0 -1 4 5. b N 8 - 13
L. 139 67 206 78 Yili 155 8o by 2L L85
I+J+NP 0 3 3 6 3 9 1 5 6 18
8 0 0 0 0 27 27 9 20 29 56
S+JHNP 0 0 0 L 3 7 3 0 3 . 1o
T 2 33 35 25 46 71 25 L7 72 178
I+I 0 T 7 3 18 .21 o1t 21 ho
J+L 5 6 11 11 20 31 3 17 - 20 62
NP o} 0 0 0 P 2 17 50 - 67 69
NP+ADV 0 o} 0 0 o} 0 0 7 7 7
NP+J+NP 0 o} 0 0 1 1 0 7 7 8
NP+C+NP 0 0 0 0 0 0 0 2 2 2
NP+NP 0 0 0 0 0 0 0 i i 1
ADV+JI+NP 0 1 1 26 13 39 105 78 183 003
ADV+JHNP+NP 0 0 0 0 0 0 0 1 1 1
ADV+J+NP+JI+NP 0 0 0 0 o] 0 5. 6 11 11
ADV+JHP+ADV 0 0 0 0 1 1 5 3 8 9
ADV+T+NP+CHNP 0 0 0 0 1 1 5 3 8 9
THADV 0 0 0 5 1 6 1 1 2 8

54
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TABLE 25

Maximun-1likelihood Estimetes for the Entire Corpus
for the Grammer for Verbal Modifiers '

~Parameter Value
ALLY  LA3R2
Al2 ) 2566
AL3 ) 100
ALA) 0142
AlS] N4%9
AR 0133
A[TY N1gT
RI{11Y 1243
R[22 .2757
B2I11 «N0A47
R2(2} .N636
R2(3] .03%6
B2L4) - ,0207
B2{ 5} LRT24
B3 .0947
B3(2) L0054
B3[31 ,007%
B3[4) .03256
B3({5) .007%
“R3t 8} .3515
BA[1) 0157
R4{2) 0352
B4[3) .949 |
BRST1) L1515
B5L2) +R4%5
RS[11 . .,2159

B&[2) .7341
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TABLE 26
Observed and Expected Frequencies,

_ Chi-square Contributions, and Total Chi-square for
“the Entire Corpus for the Grammer for Verbal Modifiers:

ORSERV. EXPECT. ' CHI*%2  SOURCE

15680 1555, 4 o0 J+NP
. g 2.4 0  JNP+NP
i18 113,4 ol J+NP+J+NP
88 62,9 ol  JHNPADY
33 327.0 o4  JENPLO+NP
1411 1411,0 «0 ANV
157 157.0 +0  AD\HADY
9 . 9,0 o0 - ADVADANDY
t3 13,0 o0 ADVHADVS NP
54 54,0 D ADWC+ANY
13 13,0 . ADEL
. 485 ag5 0. . L L
I 12,0 .0 L+ J+NP
568 0 58,0 - NS
10 10,0 «0 S+J+NP
178 178.0 0 I
49 T A9,0 +0 I+1
62 62,0 0 JHL
£9 75,9 «&§ NP :
T 3.4 NP+ADVY
2 5.5 [l NP+J+NP
2 I .9 NP+C+NP
9 542 2.9 EXPECTED FREQ, LESS THAN 5,0
| Py : NP4- 4P
223 220,17 o0 ADWJ+NP
| 1.2 AD + NP+NP
11 18,1 {46 ADH H NP+J+NP
9 9.8 ol ADWHJ+NPH+ADY
9 5.2 2.7 AUU+J+NP+C+VP
] 2,0 N L+ADY -
2 1.6 - RESINDINAL
46848 46468 ,0 9.6 TOTAL

5  DEGREES NF FREEDOM
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The total chi-square shown in Table 26 is extremely low and indicates
the best fit of the three grammars presented so far. Figure 3 gives a
Turther indication of the‘quality of this fi%; the observed and predicted

lines are nearly identical shoewing that the fit is close to perfect.

Ingert Figure 3 about here

» Grammar for Statements Without Verbs

The grammer for statements without verbs was written for such
utterances as: "Oh, my.", "Hello, Dick!", and "What a pretty dress!”
It is shown in Table 27. '

Insert Table 27 about here

Twenty-two syntactic types are derivable from the grammar and 17
parameters are used; four degrees of freédom are available whenever no
collapsing dve to low predicted frequencies is necéessary. The ‘same
. yarameter, Bll’ was assigned to the choice of the vocative whether it
~occurred after a verbal modifier, an adjective, or a rejoinder; there was
no a priori reason to think that the proportion of utterances such as
"Over here, 8ally." to "Over here.” would be different than the proportion
of utterances such as "Yes, Saliy.” to "Yes.” Similarly, the same
parameters, B5l and 352, were assigned to the first and second repetition
of a sound as to the first and second repetition of a number or the
‘uttering of a second and third number in a series.

The observed frequencies of the syntactic types for each section of
the corpus are shown in Table 28, and the percent of utterances in each
section of the corpus which were accounted for by the grammar is shown in
Table 29. Again a very high percent of the stetements without verbs can be

generated by the gremmar, and all derivable expressions occur in the corpus.

Tnsert Tables 28 and 29 about here

The problem of many zero or low freguency types discussed in
connection with the verbal-modifier grammar reoccurred for this grammar.
Only the corpus as a whole could meaningfully be analyzed by maximum-likelihood

estimates and chi-squares. This analysis is given in Tables 30 and 3l1.

Ingert Tables 30 and 31 about here
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TABLE 27

The Grammar for Statements without Verbs

" Rewrite Rulés Parameters . .
‘ Rule-Choice Within~Rule<Choice .
Probabilities Probabilities
5 K | | A
| Bl,
S - WH+(K) Co A2 Bl
3
Bll
2
Bll
8 - R+(K) A, Bl
.2
) B2y
_ C+P )
S - NP+ (Sl ™ 3 A5 B22
: B2
3
.2 .
. B
%
. 351
S -» NER+ GNBR+NBR% A, B B3,
B
23
A !
) 1
S - VM+ & e Ay o
2
S - R+{%] : A B5l
1 R 9 BS
2
© 8 NP . Ay
5 - I+R A

11




TABLE 28

Observed Frequencies of Types of Statements without Verbs in each Section of the Corpus

Ginn S-r Pre-Primers Ginn S-F Primers Ginn S-F Readers All
Type Pre-Primer Pre-Primer Combined Primer Primer Combined Reader Reader Combined Combined
K 101 30 131 88 15 103 5k 15 69 303
VM+K 9 38 L7 5 k3 48 5 29 34 129
VM+K+VM 1 1 2 0 1 1 2 0 2 5
w 2 8 10 15 40 55 26 45 71 136
NP+VM 0 0 0 1 b 5 2 12 LT 19
NP 25 5 30 31 14 45 33 27 50 125
~+NP 0 L 4 7 2 9 . 0 8] 0 13
A 0 0 0 4o 0 Lo 7 17 ol 134
Z+7, 0 0 0 22 0 2] 18 9 27 49
ZZh7, 0 0 0 13 0 13 1 1 2 15
A b 0 4 3 0 3 Y 0 L 11
A+K 1 0 1 3 0 3 2 1 3 7
VM+A o} 0 0 0 2 2 0- 7 T ‘g
NBR 0 o -0 0 T T 0 o 0. . T
NBR+NER Q- 0. el o 6 6 0 0 0 6
. NBR+NBR+NBR 0 I 4o 0 o 0 1 o - 1 g

NP+CH+NP 0 3 3 0 0 0 3 0 3 6
R 0 0 0 L 7 11 7 9 16 27
R+R 0 3 3 SRR SR 3 1 4 18
I+R 0 1 1 0 6 6 0 3 3 10
R+K 0 7 i 7 11 18 8 15 23 48
R+VM 0 0 0 3 e 5 0 0 0 5

19




TABLE 29

Percent of each Section of the Corpus Accounted for

by the Grammar for Statements without Verbs

Gimn . B-F Pre-Primers Ginmn S-F Primers Ginn S-F Readers A1l
Pre-Primer Pre-Primer Combined Primer Primer Combined Reader Reader Combined Combined
9.6 92.0

9.6 98 .4 839.8 gl .7 96.1 92.4 9L.5 gk .6

c9
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TABLE 30

" Maximum-likelihood Estimates’ for the Enmtire Corpus

© for the Grammar for Statements without Verbs

Parameter- o .- Value
ALl 2787
AL3) . L0166
AL4) - - ,06S0
ATS) - .1380
AT6) - - .1B22
AL7Y L0166 -
Atg1  .0129
A[S1. L0212
A[10]  .0120
ALITY .0052
BIf1) - .5140
BI{2) 4860
B211) . .0400
B2[2) L1267
B2(31 . .8333
BR(I]  .2546
B3[2)  .0926 .

83131 .6528 .
BA[1)  .6429
BAI21  .35T1
B5(! ] . 7826

B5I21 2174
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TABIE 31
Observed and Expected Frequencies,. Chi-squere Contributions,

and Tota.l Chi-square for the Entire Corpus for the Grammar
for Statements without Verbs

O0BSERV, EXPECT. CHIx*2 SOURCE-

303 303.0 W0 K
129 136.2 .4 VMK
-5 5,0 1,0 VMEK+VM
136 128,8 = .4 VM~ :
19 i19.0 .0 NP+VM.
125 125.0 .0 NP
13 13,0 .0 =-+NP
134 129,22 7
15 18.3 = .6 74747
7 S5.3 «9  A+K
9 9,0 .0 Vma
7 1108 .Eog NBR .
6 4,6 NBR+NBR
5 1.7 NBR+NBR+ NBR
1 6.3 3,6 EXPECTED FREQ, LESS THAN 5,0
6 €.0 .0 NP+C+NP
27 - 36,5 243 R
18 18,0 o0 R+R
10 10,0 ~ +0 I+R
48 38,5 2.3 R+K_
5 5.0 o0 R+VM
0 -0 RESIDUAL

1087 1087,0 13.0 TOTAL
3 DEGREES OF FREEDOM
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The analysis shows that the grammar for statements without verbs
provides a very good fit, comparable to that of the verbal modifier grammar.

- Figure 4. provides further indication of this fit.

Insert Figure 4 sbout here

The observed frequencies given in Table 28 show some interesting
differences in the two reading series. The Scott-Foresman series
introduces number words and counting in the pre—primerfand continues usage
of this vocabulary in the primer; the Ginn series does not introduce
number words either as adjectives or for use in counting until the reader.
The Ginn series makes mich more use of sounds, for example "Zoom, zoom."
and "Mew, mew.", than the Scott-Foresman series. The Ginn series also

makes more use of noun phrases standing alone.

© Grammary for Interrogatives

The grammar for interrogatives is presented in Table 32.. The grammar
includes eight rewrite rules and:a transformation with Sevefal.parts.- The
grammar generates 22 syntactic types and uses 15:parameters;:thus, if no
collapsing were neeessary, the model would haveﬁ6 degrees of freedom. Note
that parsmeters B2, and B22 were used for a choice of ng" or'”VM" whether
the choice occurred at the end of an interrogetive which was an inversion

of a statement or an interrogative which used an interrogative pronoun.

Insert Table 32 about here

© Bubscripts are used to insure that the noun in the subJjective pesition
and the verb agree in number and person, a third subscript is attached
to each noun-phrase entry to indicate the required case (subgectlve
or obJectlve) of the noun. _Of course,-the person and caselsubscrlpts
effect a change in terminal vocsbulary only in case the noun phrase is
a pronoun. Number and perscn subscripts have been attached to the noun
phrases in the obgectmve p051t10ns even though there is no verb with
which they must agree. This was to avoid confusion . in subscript order,
and to correspond to the notation in the final grammar for statements with
verbs. In that grammar such subscripts are necessary in the transformations.
In the tables showing the statistical analysis of this grammar, only the

case subscripts have been indicated; these are necessary to clarify the
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303

150

- “QObsarvad
125 - ‘ o :
' ——— Pradicted
100
™
13
@
] ,
-
< s
. 50 }—
25
o L | - |
o 5 0 15 - 20 25
. Rank Order '

Fig. 4. Comparison of observed and predicted. freguencies
for statements without verbs (entire corpus).
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TABLE 32
The Grammar for Interrogatives
' Paremeters
Rewrite Rules ‘ ) o o
: . Rule-Choice Within-Rule-Choice
Inversions of Statements: - Probgbilities - Probabilities - -
/{ 3 ?\ /{m\ | - By
Q.-aMi,j+NPi’j’1+ {LVP P j ( ey A Bl, B2,
k &2/
: BL B2, .
3 3-
WP, 1 .
X k, /.2 : . B3;
M, .+WP, . . +VP_+04VP_+ 252 A 1
R MRy 5,1V ES O { VM j R B3,
Q- Mi,j+NPi,j,l+VP3+NPk,E P NPm,n,1+VEh,n A3
Q- Mi,j+NPi,j,l+VP3+A+K _ ALL.
- Use of Interrogative Prondun, Adverb, or Adjective:
. Bhl
QIR 4 4 H VR HOHVP )4 Ag B,
B2
(x 1321
TR 5,27, P, 2,1 Ag 2
’ B
3
{NPR Z 2} | !
: Hat] ) )
Q= IADV+M1,3+ 13,1 +VP +Um A'T 3352
B
’3
Q -~ IADJ+NPk’ E,B*Mi,jm?i,j,lw% o _AB

An NPi,j,k: = 1,2 = number

1,2,3 = person

P AN
il

= 1,2 = case

in VP, .,: i = number
d=1,2,3 = person

VT3=> infinitive form (verbs lacking infinitive form may not be used)

Obligetory Trensformations: -
is a form of "to be" or "to do", and VP, iz "be", then:

=N _ , s
' 3 )

a. Mi,jm?i,j, +VP +( 2, 2)-r- ([VM’ -av:pi '+NPi,j l+( Y l)+( )

b M P 5,11V Fy +NP e, 2,2 "m0, 1m0 VFy 5 5 1 e 21 n 1 n

c. M :,.j+N?:|., 3, l+VP3+A+K - V'P1,3+NP1,J,1+A+

d. IP,HM, ,+NP, . .+VP +({K })—> TP, +VP, NP, , +({ Kg
27,3 71,3, T3V 17,3, 5,17

e. TADV4M, ;j P +VP +( 2)+(VM) —)IADV+VP J,l+(NPk,Z,l)+(VM)

f. TADJ+NP L VP - TADJ+NP, 4VP, NP

X, 4,27 iJ i,3,1 kool 771,57 155,1
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type involved, but the other subscripts should be apparent as they are
gpecifically dictated by the grammar.

The_transformations were necessary for sentences involving the verb
"to be". They change such sentences as "Is that be (being) the book I
wanted ' and "Why are you be (being) the one in the corner?” %o "Is that
the book I wanted? and "Why are you the one in the corner ™

Note that transformation (a) makes it'possible to derive interrogatives

involving the verb "to be" with no modal in two ways. Such statements (for

example, "Is she here?") can be derived from the first rewrite rule eilther

by choosing "Mi j" to be "is" and deleting the first set of choices, or by
2 . : - o
choosing “Mi j" to be "ig" and "VPB” to be "be" in which case the
: , _

'transformation would producé the desired form. For purvoses of analysis

it was assumed that the direct route would be taken.  This seemed a.logical

assumption since the transformation is mainly a safety device in case "to be”
verbs are accidently chosen for both the modal and the main verb.

Like the previous tﬁo grammars, a large number of zero and low
freguencies for the individual secticns made separate analyses mearingless.
Table 33 shows the observed frequencies fof the individual sections, Table
34 shows the percent of each section of the corpus accounted for by the
gramuar, and Tables 35 and 36 show the chi-squafe analysis for the corpus

. as a whole.

Insert Tables 33-36 about here ; |

- This grammar accounbted for a smaller péTCent-of the interrogatives

in the corpus than the previcus grammars did for their respective parts of

the corpus. The interrogatives were fewer in number and much more

irregular than the other types which have been -analyzed.. The'inﬁerrogative

grammar generates one type, (Mi,j+NPi,j,l+K>’ which is not in the corpus.

An example of a sentence of this type is "May I, Mother?" which is hot an
“unusual EngliSh sentence. This type is derivable from the first rewrite rule
" from which "May I7?* and May I go, Mother?" caﬁ also be derived; .Interrogatives

of these latter types are found in the corpus, and so the type '

(Mi,j+NPi,j’l+K) seemed to be within the framework of the_impiieé grammar-

To have constructed the grammar so that that type was not derivable.would

have required a much more complicated grammar and more psrameters.



TABLE 33

Observed Frequencies of Interrogative Types in each Section of the Corpus

Gimm S-F Pre-Primers Ginn S-F Primers Ginn S5-F Readers All
Type Pre~-Primer Pre-Primer Combined Primer Primer Combined Reader Reader Combined Combined

M+NP(1) .0 1 1 1 0 1 0 1 1 3
M+NP(1)+VP 1 1 2 1 i 2 0 3 3 7
M+NP(1)+VP+NP(2) 1 9 10 8 8 16 12 L 16 L2
MHP(1)+K 0 ¢ ) 0 0 ) 0 0 0 )
M+NP( 1) +VPHK 1 0 1 1 0 1 0 0 o} 2
M+NP( 1) +VP+NP( 2 ) 4K 2 0 2 1 1 2 3 1 i 8
M+NP(1)+VM 5 2 ¥ 5 1 6 2 1 3 16
M+NP(1)+VP+VM 1 3 h 8 5 13 8 3 il 28
MHNP(1)+VP+NP(2) +VM 5 1 6 7 6 13 in 2 6 25
M+NP( 1) +VP+O+VP+NP(2) 0 ) 0 2 1 3 0 Q 0 3
MHNP{ 1) +VPHO+VP+VM 0 0 0 L 1 5 1 1 2 7
M+NP{1)+VP+NP(2)+P(1)+VE © 1 1 7 1 8 3 0 3 12
MHNP(1)+VP+AHK 0 0 0 i 0 1 2 0 2 3
IP(1)+VP+VM 0 o} 0 3 0 3 3 3 6 . 9
TP(1)}+VP+O+VE+VM 0 2 2 0 0 0 1 0 1 3
TR(2)+M+NP(1)+VP 3 7 10 17 5 22 13 7 20 52
IP(2)+M+P(1)+VP+K 0 1 1 0 1 1 1 1 2 I
IP(2)+MNP{ 1) +VP+VM 0 2 2 3 3 6 2 2 h 12
TADVHMHIP( 1)+VP 0 0 0 8 6 1k 5 5 10 2k
TADVHMHNP( 1) +VE+NP(2) 0 0 o 2 1 3 0 3 3 6
TADVHMHNE( 1) +VP+VM o] 0 0 1 2 % 3 4 T 10
TADVARP(2) +M4NP( 1) +VP 0 0 0 3 1 4 1 0 1 5

69




Ginn S-F

TABTE 34

Percentitof each Section of the Corpus 1céounted
for by the Grammar for Interrogatives

Pre-Primers Ginn S-F Primers Ginn S-F Readers

All
Pre-Primer Pre-Primer Combined Primer Primer Combined Reader Reader Combined Combined

100 75.0

85.1  81.h 68.8 76.5  77.1 . 59.h  69.1

Th.5

oL
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TABLE 35

Maximum~likelihood Estimates for the Entire Corpus
for the Grammar for Inberrogatives

Parameter Value
Al!} +AG62
Af2 1 03568
Al3 0427
Al 4] _ L0107
ALS ] .0427
AL S , « 2420
Al7] . . 1423
Al 8) - J0178
Bill1} . «2824
BI{2} «5725
BI[3] .1450
B2l1] 0704
B2[2] <4070
B2[3] «5226
B31) .3000
B3[2} . T000
Bafl} 2500
B4121] - 1500
BS{11  .1500
B5[21) «2500

BS(3) « 6000
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TABIE 36

Observed ‘and Expected Frequencies, Chi-square

Contributions, and Total Chi-square for the Entire Corpus

for the Grammar for Interrogatives

OBSERV. EXPECT., CHI#*2 SOURCE

R —
N o WO WM

’"‘N""\.ﬂ
VWORLNN

o

281

9.9 | 4,8 MNP(D)

7.9 M:NP(1)+VP

C«2 MNP UL)4+VPHNP(2)
MNP (1) 4K
MNP (1) 4 VP+X

o4 MNP 1)+ VP+NP (2)4K

o8 MENPCII4+VM

.l

0

N

MNP (1)+VP+VN

N v

M NP (1) +VP+NP (2)+ VM

M+ RP (1 )+VP+04+VP+NP (2)
5 EXPECTED FREQ, LESS THAN 5,0
«0 MNP (1)+VP+0+VP+VM

3

2

3

8

3

7

1

5

0

9

0 .
0 o0 MENPUI)+VP+NP (2)+NP(1)+VP
0 M+ NP (1) +VP+A+K
0
v
0
5
B
7
0
0
0
0
g
0

<0 IPC1)4+VP+VUM
IP (1)+VP+0+VP+ VM

-0 EXPECTED FREQ, LESS THAN 5,0

(£}

7.6 IP(2Y+M-NP(1)+VP
' IPC(23+M-NP (1)4+VP+K
8.9 IPC2)4+M-NP(I)+VPH+UM
+0 IADV4ME-NP(1)+VP
0 ITADVHMRP (I Y4+VP+RP(2)
o0 IADVHM+NP (1)+VP+VM
o0 TADJHNP(Z23+M:NP(1)+VP

RESIDUAL
52,3 TOTAL

NN
F VOO S~ bR [, AOWNDg o O NIV -0 W

[

2 DEGREES OF FREEDOM
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Regarding the inclusion of uncbserved types, it should be noted that
in =& probabilistic grammar the eriterion.of & grammar not generating
utterances not found in the corpus is not as important as the criterion
that thelprobabilities.of such utterances be low. If the theoretical grammar
includes but is not identical to the grammar (the actual grammatical types)
of the corpus, a good probabilistic fit could be obtained, and there is
no real need, once a probabilistic viewpoint is adopted for the two grammars
to be identical. TFor the interrogative grammar the probability of the
unobserved type is .005 which is sufficlently low.

The total chi-square shown in Table 36 indicates that this gremmsr
is not as good as the verbal-modifier grammar or the statements-without-verbs
grammar, but is better than the noun-phrase grammar which had a larger
comparative chi-square and the same number of degrees of freédomn It is
not significantly different from the verb-phrase grammsr. Figure 5, however,
shows that in terms of rank order the fit of this grammar is not as good

as any of the previous grammars.

Insert Figure 5 about here

Compound Statements

A compound statement was defined to be any pair of stafements
derivable from the grammar for statements with verbs (next section) and
connected by one of the words: "ana", "but”, or "so". ("Or" was not
used as a conjunctioh in this corpus.) This definition includes such
statements as "Jane ran home, but Spot did not go with her.”, and "I want
to stay here, and maybe I can.” Imperatives such as "Run and help Mother.”
were considered simple statements with compound predicates; these are
derivable from the grammar for statements with verbs and -as such -are.not
compound statements. Under the stated definition, the statement "Run and
help Mother and take Spot with you." would have to be considered a compound
gtatement, but such combinations did not occur.

The entire corpus conbtained only 86 compound statements, a total of
lml% of the utterances. - The syntactic types ranged in frequency from one
to eight, the average being about four.. The types vere so dissimilar that
any grammar would have been little more than a list of observed types;

in addition, the low freguencies would have made any statistical analysis,




60

- 50

Frequency

40

Th

- Observed-

— — -— — Predicted

Rank Order

Fig. 5. Comparison of observed and predicted freguencies
for interrogatives (entire corpus).
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including one for the corpus as a whole, invalid. A grammar consisting

of the statement with verb grammar with the option to connect any two
generated types by "and";‘”buﬁ", or "so" would have generated far more types
. then were contained in the corpus; while the probabilities of the

_observed types would have.beenvlow, the probabilities of the observed types
would also have been low.(due to the low observed frequenc&es), and the
regsult would be a wvery poor fit. Thus, it was dec1ded that no grammar

would be written for compound statements.

Grammar fpr.Statements with Verbs

As would be expected'this grammar is'ﬁhe'mosﬁ cdmplicated; it
generates 131 utterance types and uses 43 parameters. This would ailow 87
degrees of freedom if no collapsing due to low predicted freguencies were
necessary. The grammar is presented in Table 37; it contains 24 rewrité

:rules and five obligatory transformations.

Insert Table 37 about here

The rewrlte rules for the statement grammar have been divided into

three categorles for reading convenience: l);statements with simple subjects
| and predlcates and w1thout embedding, 2) statemenis with compound subjects

or compound predicates and without embedding, and 3) statements with embedding.
The rules fof embedding generate three basic utterance types: embedded
statements without adverbial or subordinate connectives such as "I can

help mother do this.” (rules 14-16), statements with infinitive phrases

such as "I can help mother to do this." (rules 17-22), and statements with
subordinate conjunctions suck as "He did not Xnow that Sally was ready."

and "Tom did no%t know how to-dance.” (rules 23 and 24).

--Bubscripts have been used as they were in the grammar for 1nterrogat1ves
to insure that.subJectlve nouns and verbs agree in number and person, and to
indicate the case of nouns. . For this grammarx number and person subscripts
attached to noun phrases in the objective case were needed for transformation
L as well as to avoid confusion of subscript meaning.

Any choices which involved the same subphrases and occurred in
relatively the same position in different rewrite rules were assigned the

same parameters. For exemple, whenever the choice "(VM)" occurred after
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TABLE 37

The Grammar'for Statements with Verbs 

Rewrite Rules o o " Parameters
' ' " Rule-Choice  Within-Rule-Choice
Probabilities . Probabilities

Statements with single subject, single
predicate, and no embedding:

-’;"c ] K J 1
S =l +NP1,;§,1+_VP1,‘;+N1_’1<,4:,2+([VMS A B, Bie
Bl, B
7R 331
S_——)f%C \ NPy o VR, +(VM)+(K) A B3, B4 B
v 2d3 & 2 B3; Bhy B5,
B3),
§ - (VM) + VB, 4B, , .+ [ . .
A 1,2 %, z,2% (v - 3 e B-22
' 3
8 - (Mo+ve, +WM)+(K) . _ A, B By By
e B, Bi, 35,
S > NP, . .+VP, _+VMHNP, . -
- 1:_331 '133 _ ,k:-_gaa . _ A5
S - NPi-’j,l+VMl-VPi’j+VM : A6 |
Ty . +VP, | o | | o
5 _>C mm?lsjsl‘ _ 1,4 . s : o A7 '.Bel
' K o , BO. ...
. . - R -
S - N‘Pi’j’l+VP1,J+(VM)+A+ ([VM]) - | | L | 5oy '322
S VP, VMK S o 3




.

TABIE 37 (continued)

IT.

10.-

11.
12.

13.

ITI.

b,

15.

16.

17.

18.

19.
20.

2l.

22,

Statements with compound subjects-or

. compound predicates:

. fex ) :
8 - VP1’2+C+VP1 +(NE ', 7 2)+t{VME/ _ | 8
S . . VP, HCHVP, (NP +{VM
—)NPlaJ:l 1,4 1,Jd ( k,f,E) ( ) ?
A
SR (VM)+NPi’j’l+C+NPk’ ; 1¥VP, L+(NP 2)+(VM) 10
: A
8 - (VM)+(NTP1 4, l)+VP J+NP 2, 2+C1+1\]P n, 2+(VM) A
~where .j = 2 1f NP, . is deleted :
' i,3,1

Statements with embedding:

S - (VM)+(NP. R )+VP j o +VP +(VM) ‘ : : 'Als
’
where J 2 1f NP, is deleted s SR o
: 1:«3:1 _ _
+ L+
8- (NP )+VP 1,5 k 4,2 VP3+N’P n,2 () A
where J = 2 if NP, | is deleted
- Do 1,351 o
| RP 0+VP
ksé:az -+ VP +(i 3t A
8 - (NP, 1,4,1 )+VP1,J+ {Npk s +NF h1 m,ntl v - J) T17
1L
“wWhere j = 2 if’ NP i3 i is deleted
’ .
S > (VMR | #VE, 4O4VRL+(NB, 4 2)+(VM) N T:

- R -
S NP, . .4VP, .4NP, , 40 s L A
- i,d,1 1aj+ 1,4,2 .+VP3+({NP %} +{VM) . 19 _

m,n, 2

5 - NPi’ 5,1 +C+NPk 4,1 +VP £+O+VP3+VM ‘ | lA2O
S NP, L VP, VMO Ay
) - QJ ’l 3:] VM +VP3 . . . ) . . 7

S - NP, + | A22
5N 51 VE;  tOFVEHNE, g VP o

S - NPi’j’l+VPi’J+A+O+V%+(VM) et

B6

B8 BB

9 B

& &
o e

B2
BTy 321
BT, '1322
3
BT, B4
Bl, By
BTy B4y
Bl, By
B, By
By By
‘3-81__ Bty
B8, By,
B8, B4
1382 Bhg
B11
1
B10O
B10 222
' 3
B7, Bh
BT, B4,
B12
BlQl Bhy
2
Bl2, By
By
BY
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- TABLE 37 (continued)

23, S = NP, , [+VP, +CON+O+VP : . A

i,d,1 1,3 3 _ 03
Bl3l
2k, 8 - NP +VP, | +(NP )+(vm)+cém+mp . AL BTy ;Bul Bl13,
AREEE P FENRE PE M SR m,n,1 Aoy, B, By s
o 5
m,n
VP +VM
m,n ‘
in NP, . . =1 = 1,2 = number
id,k
j =1,2,3 = person
k =1,2 = case

in VP, = i

. = 1,2 = mumber
i,J . ‘

i
j =1,2,3 = person

VP3 => infinitive form {verbs lacking 1nf1n1t1ve form
may not be used) :
Obligatory transformations:

1. If "VM" is en adverbisalphrase of location or direction (for example: here,
up, away, then up, off to the store), or if "VM" is one of these descrlptlons

. "hippity-hop", "faster and faster", "swish", "swish, swish", "hop, hop",
"splash, splash", "left foot first", "right foot first", and if "VP ."
is a form of "to be" or one of these verbs of locomotion: - 1>d

"walk", "jump", "go", "run", "come", "roll", "buzz", and if NP, 5.1 £ P, then
) — 2d>s

C(C)4VMANP, . 4VP, .+e.s. o (C4VMAVP, 4NP. . 4.0.
1,3,1 - 71,] i, Ti,4,1

2. If "WM" is "so" and "VPi j" is a form of "to be" or "to do", or is: can",

2
"eould", "mey", "will", "shall", or "must", then

VMNP, . .+VP. . — VM4VP, ,+NP

i,j,1 ""i,J i,3 i,j,i
3. If "VPi’j" is a form of "to be", then
...+VP +NP %, 4,2 +f"' ...+VP .+1\?Pk Z’ T
L, 1If "NP, .. is "what + NP“ then
1,3,1 . ] T _
P U 1,3, 1 i,4,1 1 HYP e, 4, pFees _’"'+NPk,£,2+NPi,j,1+VPi,j+‘"

5. If "VP j" is a form of: "to wish", "tp think", "to say", "to gueés", or
' "to know then

...+NP. . VP, NP, AVP. teue = uok i ANE, . VP, e
1,5,17VF, 5By g o VEgeee = NPi,a, VB 5, 4,1 P,
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the main verb (rules 2, &, 11, 12, 13, 14, 15, 17, 18, 22, .and eis), the

 parameters Bh (probabllity of acceptlng) and Bh (provablllty of deletlng)

. Wwere a581gned, whenever the choice "( VM)" occurred before the main verb
L(rules 3, 4, 12,13, 14, and 17), the parameters B6 (probablllty of
,_accept;ng) and B62 (provability of deletlng) were a§51gned Parameter -
notation in Table 37 is the same as has been used previously; if two or,
more sets of parameters which,sumsto‘one.are necegsary for the éame rulé,
the first vertical column of within-choice paraméters contains probabilities
~ for the. first (left-most) set of choices in the rule, .the-second column
contains probabilities for the second set of choices, etc.

In certain instances inversions of the form specified by the rules
regularly occurred. -For example "Here comes Sally." was used instead of
"Here Sally comes."; and "Away ran Dick." was used instead of "Away Dick
ran." The first transformation specifies exactly when these inversicns
occur; the adverbial phrase is usually one.of location or direction
{"here", "up", "off to the store"), ‘the verb is a form.of "to be" or a .

" verb of locomotion ("run", "come"), and’ the noun phrase is. something other
- than a pronoun. The structure "Here he comes.' 1s always used rather than
‘"Here comes he." The second transformation handles a second type of

" into "So can I."

"~ inversion; it changes expressions like "So I can.
The third transformation changes the noun in the. objective case .
following a form of "to be" into the subjective case; for example, it would
change "That is him." into "That is he.” - The fourth transformation would
- ¢hange an utterance like "That is what.a pretty dress.” into "What a pretty
‘dress that is." Note that a noun phrase of the form "whai + NP" was
derivable from the noun-phrase grammar by deriving (T+A+9;°+N), chooging
the first "a" to be "what", and applying an obligatory transformation. = The
last’ transformation changes the verb of an embedded utterance following
a verb of thought or observation from the infinitive form to a form which
agrees in number and person with the subject of the embedded :clause. For
example, it would change "I think he want to come." imto "I think he wants

to come."
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The statistics for this grammar are présentéd in Tables %8 througﬁ

k2, The recurring probleﬁ of zerc and low frequency typés made a chi-square
analysis for the Ginn Pre-primer and the:Séott—ForeSman pre-priméf invalid,

but &1l other sections of the corpus including the pre-primetrs combined were
analyzed., The observed ffequencies for the Ginn and-Scott—Forésman pre-primers

are given in Table 38.

Insert Tables 38-42 about here

The grammar accounts for 85.5% of all statements with verbs in the

corpus as & whole. In each of the three major sections {the pre-primers,

the primers, and the readers) a greater precent of the Ginn utterances
| than the Scott-Foresman utterances were derivable from the grammar. The
Scott~-Foresman books contain a greater varilety of utterance types and
display more irregularity of syntactic pattern than the Ginn books.

- . This gremmar generated some types which did not appear in the corpus

as can be seen from the observed frequencies for the entire corpus in Table
. 42. However the probabilities of such types are low (the largest is .003)

and, as has been explained previously, from a probabllistic viewpoint this

is completely acceptable.

The degrees of freedom available for each sectlon of the corpus were

sufficiently different to require F-tests for purposes of comperison.
‘These tests showed no significant difference in fit among sections with

. the exception of the pre-primers combined which had a& significantly poorer

fit. The pre=-primers combined had a large number of zerc or low freguency
types and very few degrees of freedom. There is no significant difference
betweeh the fit of the grammar to the Ginn series and the fit to the
Seott-Foresman. series, so the greater syntactic variety in the Scott-Foresman
gérles implied by the comparstive percents derivable from the grammar is due
“mainly to low frequency types not accounted for by the grammar.

The similarity of high fregquency syntactic patterns in the two.
series is indicated in Table 43 which shows the ten highest frequency -

“types of each section of each series.

Insert Table 43 about here
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TABLE 38

- Observed Frequencies of Types of Statements with Verbs
in Sections not Included in the Anelysis

TYPE _ GTAN S =F
" DR E-PRIMFR - PRE-PRIMER
AP L] Y+ P+ Y2 (2) 75 &9
NP1+ UPHNP(2)+H 3 !
AP (] )+ UP+ P (2)+ VY .20 24
COCE P (L) YPHNP(2) n
C+ NP (1 )+ P+ NPL{2)+¥ 0 0
C CHAP (1 X+ VPHNP(2)+ UM n z
CUME AP+ VPHNP(2) 0 9)
UM NP L)Y+ YPH NP (2)+K 0 n
UMK NP (1) + VP+ NP (2 )+ UM n 0
VP (1 )+ VP 14 20
NP (L D)+ VP+ UM Y. CAL
NP (1 )+ VUP+K 1 n
NP (1)+ P+ VMK 2 0
"R+ P 1)+ VP 0 0
R+ P (1 )+ VP+VUN B ¢ N
R+ NP (1 )+ UP+K 0 0
"R+ NP (1)+ VP+ VWK 0 n
C+ VW (1)+ P 0 0
- C+ NP (14 VP+ U 0 3
C+ NP (1 )+ VP#K 0 )
G+ NP (1) + VP UMK L0 0
UM NP1+ VP Al 21
UM NPC L)+ VP+ UM BRI I
CUMEAPC L)+ YP+K 4 |
UM R (1) + VP+ UMK S 0 cen
VP+ 4P (2) B C 62 18
YPLNP{2)+¥ _— ' o 0
YR NP(2)+ Y 12 2
CYME UP+ NP (D) N | 0
T UM UPE NP (2 )+ K 0 n
CUME YRR NR(234YM - o 0 A b
a - S A 12
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TARIE 38 (continued)

o T C Ginn S-F
-Type 3 - . - . Pre-Primer Pra-Primer

yBEYyM 24 5%
YR+ UM X 59 35
UM+ P+ UMK ‘ 0 -
CYPHK 8321
CUMEVPHK 0 0
Vit VP 0 1
UM VP+ UM , 0 2
NP (1 )4+ P+ YME NP (2) a 0 0
NP (1) + UM YP+ up 0 0
S CHUMENPCLI+VP N | 0
. YP4C+YP 24 \
YP+C+YP+ NP (2) A2 A
JP4C+ UP+ UM 5. o
YP4C+ UPH X 5 0

| UD4C4+ UP+ NP (2)+ UM t 2
UPHCH YRE NP (2)+K 2 0
ND (] )+ YP+C+ YP n 2

L NP+ PHCHRYPE P (2) 1 -0
CUP (1 )+ YP+CH+ UPH UM 0 0
NP LY YPHCH YPH+ NP (2 )4+ M 0 0
NP (1)+C+ NP (1 )+ VP 4 1
NP (1 )+C+ NP (1 )+ VP+NP(2) S0 3

CNPCL )G+ NP (1)+ VPHAP(2) + VY 0 0
NP (1 )+C+ AP (1 )+ VP+ UM -1 |
UMENPC1)+C+NPC L)+ YP 1 0
CYMEAPC L) +C+NPC L)+ UPHYP(2) 0 n
CUMENPC1)+CH NPC 1D+ VPH NP (2)+ U 0 G
UM NP (1) +C+ NP C 1)+ UP+ VM 0 0
VP+ NP (2)+C+ NP (2) : 11 2
 YP+NP(2)+C+NP(2)+ UM 0 0
-~ NP (1)+VP+NP(2)+C+NP(2) -3 5
TP (L) VPHNP(2)+C+HNP(2)+UN 0 0
VIH VP4 NP (2)+C+ NP (2) 0 0
UME UP+ NP (2)+C+ NP (2 )+ VN 0 0
UM P ( 1)+ UP+ NP (2)+C+ NP (2) 0 0
VM AP ( 1)+ VP+ AP (2)+C+ NP (2)+ U 0 0
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TABIE 38 (continued)

Ginn | g-F

-. Tjrpe. ' ) Pre-Primer Pre-Primer
NP (1 )+ VP44, s 9
NP (1 )+ P+ UM A 0 o
NP1+ YPHA+K - 1 0.
NP+ P+ UM ALK N 0
NP ] )+ YP+A+ YN n - 0
AP L] Y4 YRS TME A U 0 0
YR MR A4 K n . N
YP (1 )+ UP+A+0+ VP n n
NP (1 )+ YPHAH0LUBEUY 0 0
YR+ NP(2)+YP | s B
UP+ NP(2) + UP+ UM a o
NP (1 )+ UP+NO(2)+ P 0 1
NP (1 )+ UP+ NP(2) + VP+ Vi B !
UM UPH YR (2)+ VP 0 0
Vb P+ NP (2 )+ UP+ U ) 0
UME AP (1) + VPH AP (2 )+ VP 0 0
UM YPU 1)+ VPH NP (2 )+ UP+ UM 0 0
YP+ YP (2)+ VP+ NP (2) A 4
UP+NP(2)+ UP+ NP (2)+ UM 0 0
NP (1 )+ P+ WP (2) + P+ YP (2) ! 0
NP (1 )4+ VP+ 4P (2) + YP+ WP (2 )+ UM n 0
PR NP2+ YO(])+UP P 5
CYPE NP2 Y+ NP (1) 4 P+ UM 1 1
YR YP(2) 4 NP ( 1 )+ P+ Ok UP 0 0
NP (1 )+ VP+ NP (2)+ NP ( 1)+ VP g 5
NP (1 )+ UP+ NP (2)+ NP (] )+ UP+ M 0 .
NP (1 34 UP+ NP(2) + NP ( 1)+ YOk 4 P a n
UP4+RP (2)+AP( 1)+ VP 0 0
VPHR P (2)+ NP 1)+ VP4 UM 0 o
 UPHRP(2)+ YPC 1)+ VYP+O+WP 0 a
NP C1)+ VP+RP(2)+NPCI)+VP 0 o
NP (] )+ VP+RP(2)+ NP ( | )+ VP+ UM 0 0
NP (1 )+ VP+RP(2)+NP( | )+ UP+ 0+ VP 0 0
NP (] )+ VP+0+ VP io 8
NP (1 )+ UP+0+VUP+NP(2) 9 3
0 1

NP (124 VP+0+VP+NP (2)+ VM
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. TABIE 38 (contined)

Ginn 5-F
- Type Pre-Primer Pre-Primer

NP (1 )4+ UP+0+ UP+ UM BT 7

UM+ NPC 1)+ YP+ 0+ VP 0 1
VMNP 1)+ VP+ O+ VP+NP(2)Y 0 0.

UM+ NP 1)+ UP+ O+ P+ NP(2) + UM 0 0

" UM NP (1) + VP OF VP U 0 0

AP+ VP+AP(2)+0+ VP o !

NP 1)+ VP+AP(2) 40+ YP+ NP (2) 0 5
NP 1)+ UP+ VP (2)+0+ VR4 NP (2 )+ VP 0 0
NP 1)+ VP+NP(2)+0+VP+ UM : 0 5
NP (1)+UP+NP(2)+0+VP+NP (2)+VM O 0
NP (1 34 UP+ NP (2)+0+VP+ NP (2)+ UP+ UM 0 0
CNPC1)+C+ NP (] )+ VP+HO+VPHYM 0 0
NP (1 )+ VP+ UM O VP 0 0
NP (] )4 YP+ 04+ UPH NP (2)4+ VP 0 0
NP (1 )+ VPHC ONSO+ VP 0 0

NP (14 VP+CONENP( 1) 0 )
NP (1)+ UP+CON+NP (1) +VP 0 0
NP (] )4 VP+C ON+NP (1) + V™4 UM 0 0
AP (1 )+ VP+ NP (2)+C 0N+ IPC 1) 0 0
NP (L )+ VP NP(2)+CON+NPC 1) +UP 0 0

CNPCI34+VPHNP(2)+CONFNPCII+VP+UM O 0
NP (1 )+ VP+ UMECO N+ NP (1) 0 0

NP C1)+ UP+UMECO M NP (1 )+ VP 0 0

NP C1)+ UP+VM-CO N+ NP (1 )+ UP+ VI 0 o

NPC1)+ UPHNP(2)+UMCONMNP (L) O
CNPC1)+VPHNP(2)+VMCOMNPCII+VP O
NP 1)+ VPHNP(2)+VMECO NS NP (1 )+ VP+YM 0

D20 O




TABLE 39

Percent of each Section of the Corpuéf—\écoﬁn‘ted R
for by the Grammar for Statements with Verbs

Ginn~ - S-F - Pre-Primers Ginn . S-F  Primers = Ginn  S-F  Readers = All
Pre~-Primer Pre-Primer Combined Primer Primer Combined Reader BReader <Combined Combined
9%5.9 87. . o2 9.6. 83.5  87.5  88.5 72.6° B81.8  85.5

58
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TABLE Lo

Maximum-Likelihood Estimate's for Sections éf fhe Corpus
Included in the Analysis for the Grammar for Statements

with Verbs . ‘

Pre-Primers Ginn S-F Primers Ginn S-E; -Readers C A1l
Parameter Combined Primer Primer Combined Reader Reader Combined Combined
Af1] .1875 2735  .2579 2670 L2913 .2778 0862 .2582
‘alz] 1884 272k 253 2611 L3562 L3L02 ..3389 .2808
A[31 .1082 L0251 L0425 Q347 L0216 .02k0  .0225 -O45k
AlL] L2743 1637 L1541 L1597 L1110 L0802 L0995 <.157h
Afs] 0000 L0000 L0000 0000 L0029 .0108 L0059 0027
A[6] .0000 0011 .0016 .0013 .0022  .002L .0023 .0015
AlT] .0009 .00I1  .0000 .0007 L0043 .op12 .0032 - .0019
Al8] .0821 L0191 .0157 L0177 L0151 .0072  .0122 L0205k
A[9] .0028 - L0135  .0126 L0151 L0115 013 .0122 L0104
4[10] .0103 L0213 .033%0 .0262 L0231 L0395 L0293 .02k
Al11] L0196 0045 L0lk2 L0085 L0130  .0108 0122 L0127
Al12] 0084 L0382 .0314 L0360 L0260 L0251 .0257 - .0251
A[13] »0000 L0000 .0000 - 0000 .0029  .00l2 .0023 . 10010
Af14]) L0000 0 ,0123 L0031 0085 L0036 .o02h . 00752 0041
af15] 0280 0314 0236 L0281 L0187 L0311 . .0234 .0259
A[16] .0084 L0078  .0lk2  .0105 L0115 L0251 - L0167 . .0129
Al17] .0196 L0314 .0285  .0301  .0130 .0108 0122 | L0195
A[18] L0504 0617 .0865 0720 04335 0826 L0581 . .0608
A[19] 0112 0135 L0067 L0190 L0079  .0216 0131 0145
Af20] » 0000 L0000 .0D00 0000 L0000 0060 L0023 .0010 . -

- A[21] 0000 L0000 L0000 0000 L0036 L0000 0023 L0010
alz2] .0000 .003L  .o0h7 . 0039 .0022  .0000 001k L0019
A[23] .0000 .0000 0000 0000 0036  .0000 .0023 <0010 ¢

Al24] 0000 L0000 0047 0020 ,0115  .0168 0135 -~ .0068 -
El[1} LOhhB 01235 .0hp7 L0245 L0668 1078 .0818 . .0570
BL[2] 0000 L0533 L1159 L0784 L4360 01595 - Lok - L1020
B1[3] . 9552 .93hk BLis 8971 789  .7328 - L7689 . .8410
Be[1] 0815 0280  .0588 . OkO5 0285 L0681 L0429 0521
B2[2] L1739 L2609 3620 3020 L3788 LhoSO .3883 3098
22(3) 45 T2 L5792 L6575 5927 L5269 L5680 0 .6381
B3[1] - 0000 0000  .OSTT . 0226 L0061 .O34T .0159 - .0155
B3[2] -0k 0905 L0321 L0677 L0931 .cha5 - L0757 -06k3
B3[31] 507 3621 L3590 L3600 L3T0R L4363 L3031 .3892
B3[4] 5545 SBT3 L5513 5489 5304 LWB65 . .515% ~5310
1) 5000 5736 6336 L5986 L6887 6503 6739 6126
Bfe] .5000 L2 L3664 L4011 L3113 .3hg7 | L3261 LZ87h
B5[1] L3891 L1825  .1968 .1882 1142 0828 .1037 1964
B5[2] 6109 8175 .Bo3l .8118 8858 .oit2 . .8963% .80%6
B6[1) 0114 L0612 Jlk22 087k 1219 2277 . L1654 0922
B6[2] .9886 9389  .8578  .9026  .BY81 .77re3  .B3U6 .5078
B7[1] H6T9 L4078 L4330 k200 L0569 L3835 L3957 Aep11
B7[2] 5321 5922 L5670 5800 L5931 L6165 - .6O0M3 5789
B8[2] 3333 5373 L4706 5085 Bh10  LTOTT 6713 5351
B2l 6667 627 Wg2gh WB9I15 LBER0 .23 L3RBT -h6k9
B[ 1] .0000 L0000  .3000 1091 -333%  .1905 . .2807 .1818
B[ 2} 1.0000 L0000 .TOOO 8909 LB66T L8095 27193 .8182
B1o[1] 0000 2185 L1113 L1739 Jree2 bl 6296 2660
mole] 1.0000 .T857  .8889 8263, 2778 5556 .370L T340
BL1[1] .0000 071 L0556 0652 i1y L1 .1111 .0638
B11{2] L1429 L1786 L1111 .1522 L1667 .3333 .2e02 1702
B11] 5] B571 7500 8333 L7826 .7222  .5556 6657 7660
B12[1] 4167 L5000  .4118 L4483 .1818  .333% 2759 371k
Bl2[2] 0000 L0000 .0C00 .0000 .000GC  .0000 .0000 <0000
B12[3] .5833 L5000 L5882 5517 8182 L6667 7okl 6286
B13[1] .0000 L0000 6667 6667 375 L2857 3667 .3939
B13[2] - 0000 .0000 .3333  .3333  .0625 .3571  .2000 .2121

B13[31 . 0000 L0000 L0000 0000 L5000 L3571 L4333 3939
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TABLE 41

Comparison of Total Chi-Squares
for the Grammar for Statements with Verhbs

Text
Pre-Primers Combined

Ginn Primer

Scott-Foresman Primer .

Primers Combined -
Ginn Reader

~ Scott-Foresman Reader
Readers Combined

A11 Combined

No. of ‘Statiements  Total
_Accounted For Chi-Bquare

.1072 36017

892 249.6

636 254 .2

1528 478.3

1387 106.3

835 206.0

0202 729.2

LB822 1644.0

Degrees

of Freedom

2
8
7
26
25
15
hd
61
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TABLE L2

Observed and Expected Frequencies, Chi-Square Cowbinsgtions, and Total
Chi-Squares for each Section of the Corpus Included in the Analysis
- of the Grammar for Statements with Verbs

PRE-PRIMERS CCOMBINED

OBSERV, EXPECT. CHI#%2 SOURCE

- 144 142 .4 o0 HP{1I+VPHNP(2)
& 16.2 9.2 HPUII+VP+NP (234K
44 33.4 3.4 HP(II-VYPLNP(Z2I+VM
8 6.7 o CHHP(DLVPHEP (D)
0 - 8 CHNP{IY4VPHNPR (2)4K
3 | CHNP (1 Y+ YPHNP (2)4+VH
0 .0 Vi NP C1 Y+ VP+NP (2)
0 o0 VM 8P (1 )+ VP+NP (2)+K
4] 20 U HP DY+ YPHEP (2 4+VH
54 34,2 o0 WPUI)HVYP
75 34,2 48,6 HPCI}4VP+VM
i 21,8 9.8 RP{ISVYPHK
2 21.8 18,0 BPOII+VPHVMEK
0 00 R+OPC1I4VP
0] o0 R+ HP (1 )+ VP+VH
0 «0 R+BP (2 Y-VP4K
0 «0 R+NPCL Y+ VPHUMEK
-0 09 C+HPC(II4+VP
3 9 ' C+HP 1)+ VUP+VUN
4] 8 C+RP Y+ VPHK
0 8 C+NP 1) AP UMK
& 5.3 o1 EXPECTED FREQ, LESS THAN 5.0
82 26,6 47,2 VUM-NPCiY<-VUP
20 26,6 1.6 VM-NP{I)+VPHUM
5 16,9 8.4 VAP (1)4+VP4K
0 16,9 (6,9 VUMERP(I)4+VP+YMEK
78 85,0 &  VPHHEP(2)
23 9.7 18,3 VP+AP(2)4K
15 19.9 1.2 VP+HNP(2)4+VHM
0 1.0 UM UPSHHE (2)
0 S | , Vit VP NP (254K
¢ 22 Vi VP+ NP (234 UM
24 28,8 47,3 P
2 88.8 «9 VP+VH
94 56,5 24,8 VPHVMEK
i i U VP4 UMK
90 56,5 19.8 VP+K
0 o1 YR VPHK
i i.0 Y- VP
2 1.0 Ui UP4- UM
0 0 NP (14 YPEUME NP (2)
0 20 P 1YV VP4 UN
| I .0 C+ VMNP CI ) +VP

5 5.7 o! EXPECTED FREQ. LESS THAN 5.0
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- PABLE 42 (continued)

25 34,7 2.7 VP+C+VP
46 30.5 7.8 VPH+C+VP+RP(2)
7 8,1 <2  VP4C+VP+VH
5 4,0 , VP4+C+ VPHK
3 7.2 2.4 VP+C+VPHNP (2)4+VN
2 3.5 VP+C+ VP+NP (2)4K
7 T.4 .0 EXPECTED FREQ, LESS THAN 5.0
2 N NP (1)+VP+C+ VP
1 % NP € 1)+ YP+C+VP+NP (2)
) .8 VP (134 VP+C+VP+ UM
0 o7 NP (1 )4+ VP4+C+ YPHNP (2)+VM
5 2.9 NP (1)+C+NP (1)+VP
8 5.9 .8 EXPECTED FREQ, LESS THAN 5.0
3 2.9 NP {I)+C+NP C1)+VPH+NP (D)
0 2, : NP (1 )+C+NP 1) +VUP+NP (2)+UM
-3 5.1° .9 EXPECTED FREQ. LESS,THAN 5.0
2 2.9 NP (1)4+C+ NP (1)+VP+UM
1 .0 CUME NP C1)+CHNPC1)+VP
0 .0 VM NP €1 ) +C+NP (1) +VP4NP (2)
0 .0 VM- NP () 40+ NP LY 4+VUPHNP (2)4 UM
0 .0 UM+ NP C1)4+C+NP (1) +VP4+ VM
'3 6.9 5.3 VP+NP(2)+C+NP(2)
0 6.9 6.9 VP+NP(2)+C+ NP (2)+VNM
8 3.5 NP C§ )+ VP+NP (2)+C+NP (2)
11 6.5 3.2 EXPECTED FREQ, LESS THaN 5.0
0 3.5 NP (1)+VP+NP (2)+C+NP (2)+ VM
0 ol UM+ VP+NP (2)4C4+NP(2)
0 | UM+ VP4HP (2)4C4+NP (2)4+VM-
0 .0 VMNP (1) +VP+NP (2)+C+NP (2)
0 .0 VMNP C L)+ VP+RP (2)4C+NP (2)+ UM
8 6.7 3  NPC1)+VP4+A
0 .0 NP C1)+VP+YM-A
1 .8 ' NP C1)+VUP+A+K.
0 .0 NP )4+ VP+ VM A4K
0 1.6 NP (1)+VP4+A+ UM
1 6.0 4,2 EXPECTED FREQ. LESS THAN 5.0
0 .0 NP ( 1)+ VP4 Vi-A+ UM
0 .0 VP+ VM- A+K
0 .0 NP (1)+VP+A+0+ VP
0 .0 NP (1 )+ VP+A+ 0+ VP4 VN
17 9.9 5.1  VP+NP(2)+VP
{10 9.9 40 WPENP(2)4+VP+ VUM
1 4,9 NP (1)+VP+NP (2)4VP




TABLE 42 (continued)

2

o0 ONO0OO0O0O

COO000D © WOoOWm b NOOO=W=an COODOOOmO G NHOW

4,9

0
.
(]

n e
¢ o 0 0 e

....
BV T - B\

* @

OO000DODO0 O OOWVWM B OO wmm—

4,8

5.3

.8

10.7

[ ]
MO RMN

* & @

o2

2.7

S0

NP (1) +VP+NP (2) +VP+VYM
EXPECTED FREQ. LESS THAN 5.0

VM- VPP (2)+VP

VPl VP NP (2) +VP+VM

VM- NP (1 )4+ VP+NP (2)+VP
VBH- NP (1 )+VP+NP (2) +VP+ UM
VP+NP (2)+VP+NP (2) '

-VPH NP (2)4+VP+NP (2)4+VUM

EXPECTED FREQ, LESS THAN 5.0

NP (E)4+VP+NP (2)+VP+NP (2)

HP (1)4+VP+NP (2)+VP4NP (2)+VN
VP+NP(2)+NP(1)+VP
VP+NP(2)+HP (1 )+VP+UM

EXPECTED FREQ., LESS THAN 5.0

VP4 NP (2)+NP (1) +VP+04+ VP

NP (1)+VP+NP (2)+HP (1) +VP

NP (1) 4 VP4+NP (2) +NP (1 )+ VP+VM
NP (1)+VP+NP (2) +NP (1) +VP4+0+VP

CVP+RP (2)+WNP (1) +VP

VP+RP (2)+NP (1)4+VP+VM

VP+RP (2)+NP (1) +VP+0+ VP

NP 1)+ VP+RP(2)4+NP(1)+VP

NP (1)+VP+RP (23 +NP (1) +VP+ VM
NP 1)+ VP+RP (2)+NP (1 )+ VP+0+VP

NP (1)+VP+0+VP

NP (1)+VP+04+VP+NP (2)

NP (1) +VP+0+UPHNP (2)4 VM
NP (1 )+ VP+0+VP+VH

- VMERP (1) 4+VP+0+VP

VE NP (1 )4+ VP+0+VP+NP (2)

UM+ NP (1 )4+ VP4+0+VP+NP (2)4+VUM
VM NP (1 )4+ VP4+0+VP4+VM -

NP (1)4VP+RP (2)+0+VP

EXPECTED FREQ. LESS THAN 5.0

NP C1)+VP4+NP (2)4+04+VP+NP (2)

NP (1)+VP+NP (2)4+0+VP+NP(2)4+VP
NP (134 VP+NP (2)4+04+VP+ UM

EXPECTED FREQ, LESS THAW 5,0

NP (1)+VP+NP (2)+04+VP+NP (2)4+ VM

NP (1 )4 VP+NP (2)+0+VP+RP (2)+VP+ UM
RP(1)4C+NP (1 )4+ VP+0+VP+ VM

NP C1)+ VP+ Ve O+ VP .
NPC1)+VP+0+VPHNP (2)+VP




TABLE 42 (continued)

QOO0 O0OO000O0L00O0O

1072

2,50

1072.0

o1

NP (1)+VP+CON+O+VP -

NP (1)+VP+CON+NP (1)

NP (1)4+VP4+CON+NP (1)4VP

NP (1)+VP+CONSNP (1 )4+ VP+UM .
NP (1)+VP+NP(2)+CON+NP (1)

- NPC(1)+VP+NP(2)4CON+NP (1) +VP

NP (1)+VP+NP(2)+CON+NP (1)+VP+VM -
NP (1)+VP+VMH-CON+NP (1) - 3
NP (1)4+VP+UMCON+NP (1)4+VP

NP 1)+ VP+VMECON+NP €1 )-+VP+ WM

364,7

o NPC1 )4+ VP+NP (2)+UM+CON+NP (1)
NP CE)4+VPHNP (2)+WMHCON+NP (1) +VP

NP (1)+VP+NP (2)+VM-CON+NP (1)+VP+VM

RESIDUAL
TOTAL

DEGREES OF FREEDOM
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TABLE 42 (continued)

GINN PRIMER

'OBSERV. EXPECT, CHI**2 SOURCE

161 162.2 o0 NP (D)4 VP+NP(2)

5 . 6.4 e 3  NP(1)+VP+NP (2)4K
62 59,5 ol NP(1)+VP+NP(2)4+VUNM
-2 2.1 - CHNP(1)+VP+NP(2)
0 S R - CHENPC1)+VP+NP(2)+X
1 8 C+NP{1)4+VP+NP(2)4+VN
13 9.2 1.5  VMENP(D)+VPHNP(2)
0 A VMNP (1 )4+ VP+NP (2)4K
0 3.4 VM- NP (1 )+ VP+RP (2)4+ VM
3 6.8 2.1 EXPECTED FREQ., LESS THAN 5,0
25 46,4 9,8 WNP(1)+VP.
106 62.4 30,5 NP(1)+VP+VUM
! 10.4 ~ 8.4 NPC(1)+VP+X
1 13.9 12,0 NP(D)+VP+VM+K
0 o0 R+NP(1)+VP
-0 o0 R+NP(1)+VP+UM
0 o0 R+NP (1 )4+ VP+K
0 .0 R+NP (1) +VP+UMKX
1 Te7 1.4 C+NP(1)+VP
10 10.3 «0 C+NP(1)+VP+UM
4] 1.7 C+NP(1)+VP+K
1 2,3 C+ NP (1)+VP+ViMH-X
58 30.7 24,3 VMHENP(1)+VP
26 4‘ .3 5.6 UH"‘NP(!)"‘VP"‘W
4 6,8 1.2 VMNP (1)4+VP4K
-0 9.2 9.2 VMNP U1)+VPHVMEX
18 17.4 «0  VP+RP(2)
! o7 VP4 NP (2)4K
5 .4 «3  VPHNP(2)4+VUM
0 1.1 W VP+NP (2)
2 5.8 2,5 EXPECTED FREQ., LESS THAN 5,0
1 +0 VM VPSP (2) 4K
1 o4 VM- VP+NP(2)+VM
13 47,.8 25.5 W
61 64,3 «2 VP+UM
32 14,3 21.7 VP+VMeX
1 ) Vil VP4 VM- X
28 10,7 28,2 VUPHK
3 .7 UM VP4K
| 3.1 V- VP
7 5.2 6§ EXPECTED FREQ, LESS THAN 5,0
7 4,2 Vi VP+ VM
0 0 NP (134 VP+ VM- NP (2)




TABLE 42 (continued)

—
L]
(=]

0

o
\n

145

—
—
L ]

5.3

-

8.4

—h
[\ N 2 ~d
.

A
[ ]

*

MOOOH W N
.
Y ONWeas W WwN O

N

1

*
—

N O

1.6

L]
~ &N o N - w
.
N

3.9

——n NI
O
[ ]
-

T.3 «0
6.1 t.4

5,0 .2

o
ONON 00 O OOOoOWO—OOO0ONWY
—
L}

24,9 .3

93

NP C1 )+ Vit VP+VN |
EXPECTED FREQ. LESS THAN 5.0
C+ V- NP (1) 4 VP

VP+C+ VP
VP+C+VP+NRP(2)

EXPECTED FREQ. LESS THAN 5,0

VP+C+VP+ UM

VP+C+ VP+K

VP+C+ VP+NP (2) 4 VM
VP4+C4 VP+ NP (234K
NP C1)+VPHCHVP

EXPECTED. FREQ, LESS THAN 5,0

NP 1)+ VP+C+ VP+NP (2)
VP (1 Y+VP+C+VP+ UM

EXPECTED FREQ, LESS THAN 5,0

NP (1)+VP+C+VP+NP(2)4VM
NPU1)4+CH+NP (1) +VP

EXPECTED FREQ. LESS THAN 5.0

NP C1)4+C+NP (1 )+VP+NP(2)
NP C(1)4C+NP (1)+VP+NP(2)+VM

EXPECTED FREQ. LESS THAN 5,0

RP (1 )+C4+NP (1) 4+VP+VM

VMNP CE)4+C+NP(1)+VP

VM- NP (1)4C+NP (1)4+VP+NP (2)
VMNP C1)4+CH+ NP (1) +VP+NP (2)+VM

"UMERP (1) +CHREP (1) +VP+VUM

VP+NP (2)+C+HP (2)
VP+ NP (2)4C+NP (2)+VM
NP {1+ VPH+NP (2)+C+NP (2)

NP 13+ VP+RP(2)+C4+NP(2)+ VM

UMt VP4 NP (2)+C+NP (2)
VMt VP4 NP (2)4C+RP (2)4+ W

EXPECTED FREQ, LESS THAN 5,0

UM+ NP (1) +VP+NP (2)+C+RP (2)
VM- NP (1) +VP+NP (2)+C+NP (2)+WM

NP (1) 4+VP+A
NP (1 )+ VP+ViH-A
NP (1)+VP+A+K

NP (1) 4P+ WH+-A+K
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. TABLE 42 (continued)

.4

0

.2

tel

3.4

(VRS I K7 B
°
b 03OY

o2

O

BPC1)4+VP+A+VM
BP (1) 4+VYP+VMEA+VN
P+ VM- A+K

NP (1)+VP+A+0+VP

EXPECTED FREQ. LESS THAN 5.0
NP C1) 4 VP+A+0+UP+VM

 VP+HPC2)4VP

VP+NP (2)+VP+ VM
NPC1)+VP+RP(2)+VP :
NP CLY4+VP+NP(2)4+VP4+VUM
VM- VPHRP (2)+ VP

Ut VP4-NP (2) +VP+ UM

Vit 8P (1 )+ UP4-NP (234 VP

VB NP (1 )+ VP+NP (2) 4 VP4 VM

VP+NP (23 4+VP+NP (2)
VP+BP (2)+VP+NP (23 +VM

NP C1)+VPHNP (2)4 UP+NP (2)

EXPECTED FREQ, LESS THAW 5,0

NP (1) +UP+NP (2)+VP+ NP (2)+VI"I
VP+NP (2)+NP (1)04VP ‘
VP+HRP (2)+HP (1 )+VP+UM

VP+ NP (2)+NP (1) +VP+0+VP
BPCLY+YPHNP (2)4BP (1)+VP
NP 1)+ VP+NP (2)+AP (1)4+VP+UM

EXPECTED FREQ, LESS THAN 5.0

NP3+ YPHNP (2)+NP (1 )4+ VP+0+VP
VPL+RP(2I4+BP(IX+VP

VP+RP €2)+RP (1) +VP+UM

VP+RP (2)4+HP ({1 )+ VP+04+ VP
NPCLI+VPE+RP (2)+HP (1)+VP

EXPECTED FREQ. LESS THAN 5.0

NP (1)+VP+RP (23 +NP (1 )+VP+ VM

NP C1Y+VPHRP (2)4-NP (1 )4+ UP+0+VP
NP €1)+VP+0+VP

NP (134 VP+0+VP+ NP (2)

NP C1)4+VP4+0+VP+NP (2)4UN

NP ¢ 1)+ VP+0+ VP+ UM

VMt NP (1 )+VP+06+ VP

VMNP (1 )4+ VP+0+VP+ NP (2)
VIH- NP (1) UP+0+ VP+NP (2) +VM
VNP (1) +VP4-0+VP+VUH

NP (1)+VP+RNP(2)4+0+VP

EXPECTED FREQ, LESS THAN 5,0
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TABLE 42 (continued)

6 2,6  NPC1)+VPHNP (2)+0+VP+NP(2)

0 0 NPC1)+VP+NP (2)+04+VP+NP (2)+VP

1 3.4 NP C1 )+ VP+NP (2)4+0+VP+UM

7 6,0 +2 EXPECTED FREQ., LESS THAN 5.0

0 3.4 NP (1 )+ VPH+HP(2)404+VP+NP (2)+ UM

0 «0 c NP(I)+VP+NP(2)+0+VP+NP(2)+VF+VM
0 o0 NP(1)4+C+NP(1)+VP+0+VP+UM

v} 0 - NP C1)4+VP+VMEO+VP

3 3.0 NPC1 )4+ VP+O+VP+NP(2)4+ VP

3 6.4 1.8 EXPECTED FREQ. LESS THAN 5.0.

0 .0 NP (1 )4 VP+CON+O+VP

0 .0 NPCL)+VP+CON+NP (1)

0 0 - NP1 )4+ VP+CON+NP (1 )4+VP

0 0 NP 1)+ VP+CONSNP (1 )4+ VP+ M

0 0 ' NPCEY+VP+NP (2)+CON+NP (1)

0 ) NPC1Y+VP+NP(2)4+CON+NP(1)+VP

0 0 NP (1) +VP+NP (2)+CON+NP (1 )+VP+ VM
-0 0 NP (1)+VP+UMLCON+NP (1) -
.0 0 - NPC1)+VP+ V4 CON+NP (1 )4 VP

0 0 NP (1)+VP+VMECON+NP (1 )+ VP+VUM

0 .0 NP (1)+VP+NP(2)+UM+CON+NP (1)

0 .0 NP C1)+VP+NP (2)+UMiCON+NP (1 )+ VP
[ 0 NP (1) +VP+RP (2)+VM4+-C ON+NP (1 )+ VP+ WM

0 -0 RESIDUAL

892  892.0 .249,6 TOTAL
8  DEGREES OF FREEDOM



TABLE 42 {continued)
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SCOTT-FORESMAN PRIMER =

EXPECY.

T9e%
8.1
50,0
4.1
A
2.5

7.0

5.0

oy
o 0 © @
NNLLLBO

—
L
F )

WP
2

24,7
42.8
10,5

CHiex2 - SOURCE

i
+5
»0

NP LI+ VPENP (2}

WP I+VPHRP (2) 4K

P C 1)+ VP+HP (2)4+VM
C+NP € 1)+ VP4 NP (2)

CH NP (1 )4 VP4RP (2) 4K
C+RP (1)4VP+NP (2) + VM

EXPECTED FREG. LESS THAN 5.0

Vi 8P €1 )+ VP4 NP (2)
VIR NP (1 )4 VP4 HP (2) 4K

V- BP (1)) HVPHHP (2)4VN

BPCIY+VP

WP (DHY+ VPR
BRI YUK

WP C13+VP+ VMK
R+NP(154+VP

" R#BP (1)+VP+VM

EXPECTED FREG. LESS THAN 5.0

R+HP (1 )+ UPHK

R+ P (8 )+ VP VK
C+HNP(1)4VP
C+HP 1)+ VP+ VM

EXPECTED FREQ. LESS THAN 5.0

C+HP (1) +VP+i
CHAP (1 ) VP+ VK
Ve 3P (1 4 VF
Vit 8P (1 )+ VP4 VM
VB NP (1) +VPeN

EXPECTED FREQ. LESS THaN 5,0

UM BP (1) 4+ VPV K
YPHEP(2)

VP+RP (234K

VP4HNP (234 VM

Ve UP4+RP (2)

Yt VP4 NP (234K
Vi UP4+-BP (2) + VM

EXPECTED FREQ, LESS TiaAN 5,0
VP

YP+ W
UP+ VMK



TABLE 42 (continued)

Vi VP4 UK
o0 UP+K

Vil VPHK

V- VP

EXPECTED PREQ. LESS THAN 5.0

oo -
a 8 5 &
) e o)

A

-~ 743 B e 3y e
®
e 2]
R
°
(o]

2.4 VMRYP+V
NP1 3+VP+ UM BP(2)
NP 1)+ VM VP4V
CCEVR-BPC1)+VP

e @

WPHCEYP.
UP40+ UP+ NP ¢2)

2.1 EXPECTED FREQ. LESS THAW 5,0

e @

e
B Wl OO

@

o o D

P O4 UP- YN

WP+Cs UPSHK
YPLOLH YPS NP (234 UM
YReCo YPHRR (234K
BRI+ VPHE+YP

e o

-
L

LNOOM L NO O=O0OWwW

[
®

1

3]
\n
@

- 6.4 EXPECTED FREQ. LESS THAN 5.0

NP (1 )+ VP4CH+VPHNP (2)
VP (1 )+ VP04 YP+- VM
BP0+ UPHCHVPHRP (2)+VN

.9 EXPECTED FREQ. LESS THAN 5.0

HP (1) 4CHRPC1)+VP
NP C1)HCH0P C1 )+ UPHRP (2)

3,2 EXPECTED FREQ, LESS THAN 5.0
HP C134CHBP (1 )+ VYPHLBP (2)4+VM

o9 HNP{134C+-BPCE)4+-VP2UM
Wi BP (D +CHEP (1) +VP

N o DN
e o °

P &
®

@

AbWw N NO & Orin

]

5,35 EXPECTED FREQ, LESS THAN 5.0

CURE P C(O4C+IP QL) +VPHRP(2)
Vﬁ#ﬁ?fi3+E¢ﬁ?(i)+UP+NP(2)+VM
V- BP (1 )4 CH+RP (1) +VP+ VN

VPP (2)4+C+NP(2) '
VP+BP (21404 8P (2) 4V

3 EXPECTED FREQ. LESS THAN 5.0

-\%Pﬁﬂ)#@?+%?f2)¢@+ﬁ?(2)
P (1)4 VP+RP(2)4C+HP (23 4VH
YMe YPH-AP (2)3+C+ WP (2)

- VR VPP (24 CH+RP (234 VM
Vit B8P (1 )+ VP+RP (2 +C+RP(2)

e
—
[ A R WA o
¢ ® @ ® o o e @ ° ®
o O B Ve 00 A (-] & \R D [+ @ =3 & N9 v wy Ut A (58 o

N= 00w \A _Q""u""Q
B »=

e & o
N b 09
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TABLE 42 (continued)

o . o4 VM NP (1 )4 VP+HP (2) 4C+NP (2) +VM

9 8,1 o1 HNPCI)+VP+A

5 3.5 | HP C1 Y4 VP+ VA

13 8.4 2,5 EXPECTED FREQ. LESS THAN 5.0

0 .8 NP C1 )+ VP+A+K

0 oA NP €1 )+ UP+ Vit A+K

5 5,1 .0 NP(1)+VP+a+ UM

1 2,2 WP (1) 4 VP+ V- A+ Vi

0 .0 VP+ VM A+K

2 o1 NP €1 )4 UP+A+ 04+ VP

0 1.3 NP (1) 4 UP+A+0+VP+VN

3 5,3 1,0 EXPECTED FREQ. LESS THAN 5.0

2 2.5 VP4 NP (2)4+VP

7 4.3 UP+ NP (2)+UP+ Vi

9 6.8 .7 EXPECTED FREQ, LESS THAN 5.0
0 2.2 NP (1) 4 VP+HP (2)+VP

3 3.8 NP € § )4 VP4+RP (2)+VP+VH

3 6.1 1.5 EXPECTED FREQ. LESS THAN 5.0

0 .4 Vit VP4 BP (2) 4 VP

0 o7 | Vit VP4 BP (2) 4+ VP+ VM

0 WA VM HP €1) 4+ VP4+HP (2) +VP

3 .6 - Vit BP (1 ) +UP+NP (2) + VP+VM

2 1,7 UPHEP (2)+VP4+NP (2)

5 3.0 VP+HP €2)+VP+NP (2)+ VM

10 6.9 1.4 EXPECTED FREG, LESS THAN 5.0
1 1.6 - NP €134+ VP+NP (2) +VP4+NP (2)

1 2,7 NP € 1)+ UP+NP (2) +YP+NP {2+ VM

g 7.1 ol VPHBP(2)4NP (1)4+VP

0 .9 VP+NP (2)4 8P (1) +VP+VM

2 5.2 1,9 EXPECTED FREQ. LESS THAN 5.0

0 .5 VP+ NP (2)+8P (1) +VP+0+VP

7 6.3 o1 RPCI+VP+NP(2)+BPC1)+VP

0 .8 NP C1 )+ UPH+NP (2)+ 8P (1) +VP+ VN

1 Y NP (1) +VUP+RP (2)+WP (1 )+ VP+0+VP

0 9 & VP4+RP (2)+HP (1) +VP

y ol . UP+RP (2)+NP (1) +VP+VM

0 Y  VPHRP (2)+HP (1) +VP+0+VP

0 .8 NP 1)+ VP+RP (2)+8P (1 )+ VP

3 ol © NP C1Y+UPHRP (24 NP (1 )+ VP+VM

'S NP (1) +VP+RP (2) 48P (1) +VP+0+ VP
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TABLE 42 (continued)

NP (1) 4VP+04-VP

9.8 4. 7
17 7.5 12,1  NPC1)4+VP+0+VP+NP (2)
S 12,9 1.2  NPC1)+VUP+0+VUP+RP (2)+VN
23 16.9 2.2 NP (1)+VP+04+VP+VUM
1 1.6 VME NP (1) 4+ VP4+0+ VP
4 5,4 .3 EXPECTED FREQ. LESS THAN 5.0
1 1.2 Vit NP (1 )4 VP+O+VP+NP (2)
0 2.1 VI NP € § 3 4+-VP+0+VUP+NP (2)+VM
1 2,8 VMNP (1)4UP+0+VP+VN
2 6.2 2,8 EXPECTED FREQ, LESS THAN 5,0
1 3.7 NP (134 VP+NP (2) +0+VP
A 2.6 NPC1I+UPHHP (2)+0+VP+NP(2)
11 6.2 3.7 EXPECTED FREQ, LESS THAN 5.0
0 .0 NP (14 UP+ NP (2)+0+VP+NP (2)+VP
3 6.3 1.8  BPC1)+VP+HP (2)+04+VP+VUN
3 4,4 NP €1 )4 VP4HP (2) +04+VP+ NP (2)+ VN
0 .0 NP (1) 4 VP+NP (2) +0+VP+NP (2)+VP+ UM
0 .0 NP C1)4+C+NP (1)+VP+0+VP+VM
0 .0 NP ¢ 1 )+ UP+ VM- O+ VP
'3 3,0 NP (1) 4 VP+0+VP+NP (2) +VP
6 7.4 .3 EXPECTED FREQ, LESS THAN 5.0
) .0 NP C1)4+VP+CON+O+VP
0 .0 NP C1)+VP+CON+KEP C1)
2 o4 NP (1 )+ VP+CON+NP (1) +VP
1 .2 NP C1)+VP+CON+NP (1) +VP+VM .
0 .0 NP (1)+VP+NP (2)+CON+NP (1)
0 o3 NP (1)4 UP+NP (2) +CON+NP (1) +VP
0 2 o NPCLYFVPENRP(2)4COR+NP (1) +VP+UM
0 .0 . NP C1)4VP+WH-COR+NP (1)
0 o7 NP C1)4+VP+VM-CON+NPCI)+VP
0 o4 NP 1)+ VP+ VM- CONSH NP (1 )4 VP+UM
0 .0 NP C1)4VP+NP (2)+VM+-CON+NP (1)
0 5 NP ¢1)+ VP+NP (2)+VIM-CON+NP ({ Y+VP
0 .3 NP €1 )4+ VP+ NP (2)+VM+C ON4-NP € 1 ) +VP+ VM
3 3,0 RESIDUAL

- 636 636.0 . 254.2 TOTAL
7 - DEGREES OF FREEDOM




TABIE 42 (continued)
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FRIMERS COMBINED

08SERV. EXPECT. CHI*%2 SOURCE

243 240.6

I 14,8
e 110,5
& 6.6
0 o 4
4 3.0
31 21,0
0 1.5
1 9.7
39 71,3
178 106,5
1 16,5
1 24,7
B 2,9
12 T.7
i 4,4
0 o7
| 5,1
0 1,0
14 8.8
12 13.1
0 2,0
i 3,0
! S.1
91 46,9
47 70,0
6 10.9
0 16,2
28 31,5
5 1.9
0 3.4
5 5.3
2 2
9 .6
25 T1.7
96 107,1
13 24,8
2 2,7
34 16,6
x 1 o

5.3

3.1

4.3

At .5
7.6
2.2

16,

«9
8

0

30,4
l.l
93.5

18,2

NP (1)+VP+NP (2)
NP (1)+VP+NP (2)+K
NP (1 )+ VP4+NP (2)+UM

C+NPC(1)+VP+NP(2)

C+NP(1)+VP+NP(2)+K
C+NP(1)+VP+RP (2)+VM
VM- NP (1 )+ VP+NP(2)
VM- NP (1 )4+ VP+NP (224K
Vit NP (1)+VP+NP (2)4 UM
NP (1)+VP

~NPCD)+VP4+VM

NP (1)4+VPHK
NP CL)+VPH+VMEK
R+NPCID)+VP

EXPECTED mise. LESS THAN 5.0

R+ NP C1)+VP+ VUM
R+ NP €1 )4 VP+K

EXPECTED FREQ. LESS THAN 5,0

R+ NP (134 VP+UM-X
C+NP (1)+VP
C+NP(1)4+VUP+WM
C+NP(1)+VP+K

C+ NP (1) 4+ VP+ VMK

EXPECTED FREQ. LESS THAN 5.0
UME NP (1) 4+ VP

VMNP (1)4VP+VM
UMENP (1) +VPHK

- UM NP (1) +VP+ VMK

VP+HP (2)
VP+NP(2)+K
VP+NP (2)4+VM
VM VP+NP(2)

EXPECTED FREQ., LESS THAN 5,0

VM- VP4 NP (2)+K
Vi VP+8P (2)4+VM

VP

VP+VM
VP+ UMK

VM UP+ VMK
VP+K -

1§, TRy ,~HR]




TABIE 42 (conbinued)
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EXPECTED FREQ, LESS THAN 5,0

Vi VP

VM VP4V
NP C1)+VP+VME NP (2)

NP C1)4 VM- VP+VUR

C+ VMNP (1) +VP.

VP+C+VP ‘
UP4+C+ VP4+NP (2)
UP4+C+ VP+ VUM

&

EXPECTED FREQ., LESS THAN 5.0

VP+C+ VPR+X
VP4C4+ WP+ NP (2)4+VM
VP+C4+ VPLHP {23 +K
NP (1)+VP4C+VP

EXPECTED FREQ. LESS THAN 5.0 .

NP (1)4+VP+C+VP+NP (2)

VP (1) 4 VP+C+ VP+ VM

NP (1)4+VP+C+VP+NP (2)4+VM
NPC1)4CH+NP(1)+VP _
NP (1)4C+NP (1) +VP+RP (2)

NP CIY4#CH+RP (1) +VP+NP (2)4+ VM
NP(1)+C+HP(1)+VYP+ UM '
VMNP (I I4+C+NP(1)+VP
VM NP (T2 4CHRP (1) VPHNP (2)

VM+NP(})+C+NP(1)+VP+NP(2)+VM
EXPECTED FREQ. LESS THAN 5,0
Vit NP (1 )4 C+RP (1 3 +VP+ VM

VP4+NP (23 4C+ NP (2)
VP4 RP (2)+C+ NP (2)+VM

EXPECTED FREQ, LESS THAN 5.0
NP C1 )4+ VP+HP (2)+C+NP(2)

NP CI)+VP+NP (2)+C+UP (2)+ WM

EXPECTED FREQ., LESS THAN 5.0

Vi UP+NP (23 +C+NP (2)

V- VP4 NP (2)4C+ NP (2) 4+ Vi

Vi NP (154 VP+NP (2)4+C+NP (2)
Vit BP (1 )+ VP4 NP (2)+C+RP (2)+VM

NP C1 )4 VP44
NPC1)+VP+VUMEA

EXPECTED FREQ. LESS THAN 5.0
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TABLE 42 (continued)
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5.3

3.3

N300
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NP (134 VP+A+K

NP (1)+ VP4 ViH-A+K
NP(1)+VP+A+VM

NP (1)+ VP+VM+A+ VM
VP+ Vi A+K

NP (1)+VP+A+0+VP

NP (1) 4+ VP+A+0+VP+ VM

VP+NP (2)4+VP

VP+NP (2)+VP+VH

NP (1)+VP+NP(2)4+VP

NP (1)4VP+NP(2)+VP+ UM
Vi VP+NP (2)+VP

V- VP+ NP (2) 4+ VP+VUM

EXPECTED FREQ, LESS THAN 5,0
VM NP (1) +VP+NP (2)4+VP -

Vi BP (1 2+ VP+HP (2) 4+ VP+ VM
VP+NP (23 +VP+NP (2) '
EXPECTED FREQ, LESS THAN 5.0

VP4 NP (2)+VP+NP (2)+VM

NP (1)+VP+NP (2)+VP+NP (2)
EXPECTED FREG, LESS THAN 5,0 ‘

NP (1)4+VP+NP (2)+VP+NP (2)+VM
VP+NP(2)+NP(1)+VP
VP+HP (2)+NP (1) +VP+VM

" EXPECTED FREQ, LESS THAN 5.0

VP+NP (2)+NP (1)+VP+0+VP
NP(1)+VP+NP(2)+NP (1)+VP

NP (1)4+VP+NP (2)+NP (1 )+ VP+VM
NP1 )+ VP+NP (2)+NP (1)+VP+0+ VP

"EXPECTED FREQ, LESS THAN 5.0
- VP4RP (2)+RNP(1)+VP

VP4RP (2)+NPC1)+VP+UM
VP+RP (2)+NP (1)+VP+0+VP
NP C1)+VP+RP (2)+NP (1)+VP

EXPECTED FREQ, LESS THAN 5,0

NP (1)+VP+RP (2)+NP (1 )+ VP+ VUM
NP (1)4+VP+RP (2)+NP (1 )+ VP+0+VP

NP €1)+VP+04VP
NP C1 )4 VP+0+VP+NP (2)

A 79 % IS M U e BRI /9% % 4 100
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TABIE 42 (continued)

7.0 NP(1)+VP+0+VP+VM

50 34,5
! 2,5 VMH-NP (1) +VP+04+VP
2 1.8 VIMH-NP (1) 4 VP+0+VP+NP (2)
6 5.2 .1 EXPECTED FREQ, LESS THAN 5.0
0 2.7 'VH+NP(!)+VP+0+VP+NP(2)+UM ‘
1 3.7 _ UM+NP(!)+UP+O+VP+UM
{ 6.4 4,6 EXPECTED FREQ, LESS THAN 5,0
12 6,4 4.9 NP(1)+VP+NP(2)4+0+VP -
10 5.2 4,4 WP(1)+VP+NP(2)+0+VP+NP(2)
0 «0 0 NPLL)Y+VPHNP (2)4+04+VP+ NP (2)+ VP
4 5.6 3.3 NPC1)+VP+NP(2)2:0+VP+UM
3 7.8 2.9 NP UI)+VPH+RP(2)4+0+VP+NP (2)+VN '
0 .0 NP (1)+VP+ NP (2)40+VP+NP (2) +VP+ VM
4] .0 NP(1)+C+NP(1)+VP+O+VP+VM
0 .0 NP 1)+ VP+ V% 0+ VP . '
6 6.0 .0 NP(!)+VP+O+UP+NP(2)+UP
0 0 _NP(1)+VP+CON+O+VP
0 0 - NP (1)+VP+CON+NP (1)
-2 ] _ NP (1) 4+VP+CON+NP (1)4+VP
1 o2 NP C1)+VP+CON+NP (1)+VP+VM
0 «0 NP (1)+VP+NP(2)+CON+RP (1)
0 o3 NP(1)+VP+NP(2)+CON+NP (1) +VP
0 o2 NP C1)+VP+NP (2)+CON+NP (1) +VP+VM
0 o0 - NP C1)4+VP+VMECONHNP (1Y
0 o7 - NP U+ VPHEVMECONHNP (1) +VP
0 3 NP (1) +VP4+ Vi-CON+NP (1 )+VP+UM
0 .0 : WP CEY+VP+HP (2)+VH-CON+NP (D)
0 oD NP (1)+VP+NP (2)+VM-CON+NP (1 )+VP
0 o3 NP (134 VP+NP (2) +VM-CON+NP (1 )+ VP+VM
3 3.0 RESIDUAL -

1528 1528,0 478, 3 TOTAL
26 ‘DEGREES OF FREEDOM



PABLE 42 {continued)

 GINN READER

10k

OBSERV., EXPECT, CHI**2 SOURCE

185 189,!
6 9.1
128 120.8
19 16,0
0 8
B 10.2
56 34,4
0 1.7
22 22,0
27 72,3
231 159.8
l 903 :
3 20,6
3 8
0 1.8
3 5.1
0 ol
0 02
S I 12,7
35 28,1
0 1.6
0 3.6
b 5.6
76 50.5
100 111.6
5 - 6845
2 14.4
15 15,6
2 . o8
0 10,0
11 2.2
] ol
l 1.4
31 37.3
51 82.5
38 10,6
0 1.5
15 5.9
25 4,8
0 o7
25 545

gl
1.1

o9

69,6

NP (1)4+VP+NP(2)

NP {1+ VP+NP (2)+4XK

NP (1)+VP+NP(2)+VM
C+NP (1)+VP+NP(2)
C+NP(1)4+VP+NP(2)4K
C+NP(1)+VP+NP (2)+VM
UMH-NP (1)+VP+0P (2)
V- NP.C1 ) +VP+NP (2) 4K
VMNP (1 )+ VP+NP (2)+VM
NPC1)+VP '
NP (1)+VP+VM-

NP (1)+VP+K

NP C1)+VP+ UMK

R+NP(1)+VP
R+NP (1)+VP+VUM

EXPECTED FREQ. LESS THAN 5.0

R+ NP C1)+VP+K
R+NP (1 )+ VP+ VMK
C+NP(1)+VP
C+NP (1) +VP+VUM
C+NP (1) +VP+K

C+ NP (1)4+VP+VIHK

EXPECTED FREQ. LESS THAN 5.0

VM- NP (1) 4 VP
UM NP (1) +VP+UM
VMNP (1) +VP+K
VM- NP (1) +VP+ VMEK
VP+NP (2)

UP4NP (2) +K

VP4 NP (2)+VM

UM+ VP4+NP (2) -

UM UP+NP (2)+K

UM VP4+NP (2)+VM

P

VP+ VM

VP+ VMK

VM- VP4 UMK

EXPECTED FREQ, LESS THAN 5,0

VP+X
VM- VP+K

EXPECTED FREQ. LESS THAN 5.0




PARIE 42 (continued)

5.2 VMHVP

0 5.2

9 1.4 o5 Vit VP+UM -

y 4.0 NP C1 )4 VP+ VN NP (2)

3 3.0 NP (1 )4 VM UP+UM

7 7.0 .0 EXPECTED FREQ, LESS THAN 5,0

6 6.0 .0 C+UMHNPC1)4+VP |

2 7.4 3.9 VP+C+VP

2 5.1 1.7 VPHCH+VPH+NP(2)

7 2.7 VP+C+UP+UM

3 .A VP4C+ VP+K
10 5,1 4,8 EXPECTED FREQ. LESS THAN 5.0

0 3.2  UPHCH VPP (2) 4V

1 oz VP+C+ VPP (25 +K

7 3.0 NP € )4+ UP+CH VP

8 6.4 .4 EXPECTED FREQ, LESS THAN 5,0

6 2,0 NP €1 34 UP+C+ VP4 NP (2) |

3 6.3 1.9  YP(iY4+VPHCH+VP+UM

0 4.5 NP €| )+VP+C+ VP+NP (2)+ UM

© 6.5 .0 EXPECTED FREQ, LESS THAN 5.0
2 5,2 2,0 NWPC1)4+C+HPC1)+VP

3 3.6 NP C14+C+NP (1) +VP+NP (2)

3 7.9 3,0 HP(I)4+C+HPCI3+VP+NP (2)+VM

16 11.5 1.8 NPCI)4C+HEPCI)I4+UP+VM

5 o7 VM NP C1 )44 NP (1) +VP

1 .5 UM NP 1340+ NP ¢1 34+ VP+NP (2)

I 1.1 VMNP (1) 4C+NP (1 )+ VP+HP (2)+UM
10 5.9 2,9 EXPECTED FREQ. LESS THAN 5,0

i 1.6 VI NP (1) 40+ NP (1) +VP+UM

0 1.8 VP+NP(2)+C4 NP (2)

0 3.9 VP4 HP (2)4C4+ NP (2)+ Vi

1 7.3 5,4 EXPECTED FREQ. LESS THAN 5.0
1 3.2 NP (1 )+ VP+HP (2)4C+HP (2)

A 7.0 1.3 HP(I)4+VP+NP (2)+C4+ NP (2)+ VM

0 .2 Vit UP+ P (2)+C+ BP (2)
0 °5 UM UP4+HP (2) 45+ NP (2)+VM

3 .4 VB BP (1 )+ VP4 NP (2)+C4+ NP (2)

0 1.0 © U NP (1) VP4RP (2)+C+ NP (2)+ VM
14

5.3 14,0 EXPECTED FRE@, LESS THAW 5,0

13 14.2 .1 BPCIY4VPHA
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TARLE 42 (continued)

2 7.1 3.7 NPCI)+VP+ViH-A
t o7 NPC1)+VP+A+K
0 . o WP CE Y VPHVME AR
10 9,1 o1 NPCI1)+VP+A+VM
io 4,5 NP (1 54 VP4 VM A+ VM
11 5.8 5,3 EXPECTED FREQ. LESS THAN 5.0
4 4.0 VP+ VUM A+K
0 1.6 NP (1 )+ VP+A+0+VP
4 5.6 <4 EXPECTED FREQ, LESS THAN 5.0
5 3.4 NP (1 )+ VP+A+ 0+ P+
6 2,6 VP+NP (2)4VP
11 6.0 4,2 EXPECTED FRER, LESS THAN 5.0
g 5,6 1.0 VP+HP(2)+VP+VM
A - 4,6 WPCI)+VP+NP (2)+VP
7 10,1 o9 WP C1)+VP+NP(2)+VP+VH
0 .4 UM VP+ NP (2) +VP
0 8 VM VP4 BP €2) +VP+VUN
4 5,7 .5 EXPECTED FREQ. LESS THAN 5.0
0 .6 UM 8P (1 )4 VP4 NP (2)+VP
1 1.4 ViE NP €1 ) +VP+NP (2)+VP+UM
2 1.8 L UPHNP (2)4+VP+HP (2)
6 4.0 . YP+NP€2)+VP+HP (2) + VM
S 7.8 .2 EXPECTED FREQ. LESS THAN 5.0
3 3.2 ‘NP (1 )4+ VP+NP(2)+VP+NP (2)
5 7.1 o6  HPCIIH+VPHNP(2)+VP+NP (2)+V
0 1.3 VP+NP (2)+NP (1)+VP -
0 o3 VYP+ NP (2)+NP (1) +VP+VM
0 o2 - VP4+HP (2)+HP (1) +VP+0+VP
4 2.3 NPC1)+VP+NP (2)+NP (1) +VP
7 7.3 .0 EXPECTED FREQ, LESS THAN 5.0
) .5 NP (14 UP+BP (2)+NP (1 )+VP+VN
0 o4 NP C1)4+VP+NP (2)4+KP (1)+VP+0+VP
4 3.4 VP+RP (2)+KP (1)+VP
2 .8 © UPHRP()+HPCII4VP+VM
7 5.0 .8 EXPECTED FREQ. LESS THAN 5,0
0 o5 VP4+RP (2)+NP (1) 4+VP+0+VP
5 6,0 o2 NP (134 VP+RPC2)+NP (1)+VP
g 1.4 NP (1 )4+ UP+RP (2)+NP (1 )+ VP+ UM

03 NP (134 VUP+RP (2)+HP (1)+VP+0+VP
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TABIE 42 (continued)

9.7 6.1 HPC1)+VPHOSVP
20 6.7  26.6 KPCI)LUPLG+UPHNP(2)
10 14.8 1.5 NP CI)+VPH0+VP+IP (2)+VM
23 21,5 o1 NPCI)EUPSO+VPHUNM
i 1.4 VM HP (1 )4 VP+0+ VP
1 .9 Vi NP (15 +UP-0+UP+NP (2)
. 5.1 .2 EXPECTED FREQ. LESS THAN 5.0
0 2,0 VB NP (1)L UPHO+VPE P (2)+ VN
3 3.0 VIt 8P € 1 )+ VPS04+UP+ Vi |
3 5.0 . .8 EXPECTED FREQ, LESS THAN 5.0
5 2.8 NP C1)+UP4EP (2)40+VP
1 o6 NP (1 )4 UP4 1P (2 +64-VP+HP (2)
0 .0 NP 1 34 VP+EP (2) +04UPHNP (2)+ VP
4 6.2 W8 NP C134YPHEP (2) 40+ VP+VH
1 .4 BP €134 UP+NP (23 +04+ VP4 NP (2)+ VM
0 .0 NP ¢ 1 34 UP+ NP (2 40+ VP4 NP (2) +VP+ UM
0 .0 WP € 13+C+BP (1) +VP+0+VP+VUN
5 5.0 0 HPCI)AVPH+UMEOsYP
3 3.0 NP CI)+VPHO+VPSHP(2) 2VP
10 7.8 .6 EXPECTED FREQ, LESS THAN 5.0
5 5,0 o0 NPCI)+VP4CONE04VP
0 1.5 NPC1)+UP+CON+NP C1) )
i 1.3 NP1 )4 VP4CON+BPC1)4UP
¥ .2 NP (1)4+VP+COR+NP (1) +VP+UN
0 1.0 “BP LY+ YPHRP (2 CONSRP (1)
0 .9  NPCI)4VPHEP(2)+CONHNP (1) +VP
0 o1 WP (194 UP+ NP (2)+CONGNP (154 VP+VM
3 3.3 . NPCIIEVPHWIRCON+EP (1)
5 8,2 1.3 EXPECTED FREQ, LESS THAN 5.0
6 2,9 NP €1 34 UP+ UM COMBP (1 )+ VP
0 4 HP €194 VP4 VIR-CON+NP € § )+ VP+VN
5 2,2 NP 14 UP+HP (2) + V- CON4NP (1)
i 5,5 5.5 EXPECTED FREG, LESS THAN 5.0
0 2,0 MP € 1)+ VP+BP (2) +VM+CON+MP (1 )+ VP
0 o3 NP (1 )+ VPHP (2)+VIH-CONHHP (1 )+ VP+VM
0 2.2 RESIDUAL

1387 1387.0 406.3 TOTAL
25  DEGREES OF FREEDOM
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TABLE L2 {continued)

SCOTT-FORESMAN READER

OBSERV. EXPECT., CHI**2 SOURCE

81 89,6 o8  NP{D+VP+NP(2)

10 11,6 2 NPUI)4+VPH+NP(2)4XK

19 68,9 1.5 NPCD)Y+VPHNP(2)+VNM
i6 13,2 o6& C+NPC(1)+VP+NP(2)
C+NP(1)4VP+NP(2)4+K
«4 CH+NP(1)4+VP+NP(2)+VM
ol VMNP (1)+VP+NP(2)
VMNP (1 )+ VP+NP (2)+K
o0 VMNP (1)+VP+NP(2)+VM
NP (1)4+VP

23.3 NP(1)+VP+VM

NP (1)+VP+K

o
[ ]
" s o s @

4,4 EXPECTED FREQ, LESS THAN 5.0

4,9 NP{D)+VP+VM-K
R+NP{1)+VP
R+NP (1)+VP+VUM
R+NP C 1)+ VP+X
“R+NP (1)+VP+ UMK
C+NP(1)+VP

*

[4 4]
. o~y b -
N O ) MR OV WO
VW O ALBOWMWN—-
)
P S
-
(=]

&

—o00w~—
AN ]
- [ ] -
(% N
N
[ ]
e

bl
W

-3
[\~ )
—
L

—

EXPECTED FREG, LESS THAN 5,0

9. C+NP(I)+VP+VUM
C+NP (1)+VP+K
C+NP (1) 4+ VP+VMHK
VNP (1 )+VP

o5 VMENPUI)+VP+UM
Vi NP (1 )+ VP+K
6.1 VMNP (134 VP+VMHK
1.2 VP+NP(2) '
VP+NP(2)+K

~
N PV —WO=0W O
o
[2,]
* ® [ ]

—O0 Oh (N ~3 Ch
® o

[
——— e DOy

L

0

.1 EXPECTED FREQ, LESS THAN 5.0

4.4 VP+NP(2)+VM
VM- VP+NP(2)

VM VP+NP (2)4X
VM VP+-NP (2)+VM
VP
1.5 VP+VM
VP+ VMK

47.4 EXPECTED FREQ. LESS THAN 5.0

AENHO -
Mo W
L ] . * @ & &

(47 0
- DO -
L 2

Do
[~

UM VP4 VMK
VP+K :
V- VP+X

VWO N o @b e N
.
N

——) D
—

> &

'S
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TABIE 42 (continued)

2 4,9 V- VP
10 7.7 .7 EXPECTED FREQ. LESS THAN 5.0
> 9.1 5.5 VM VP+UM |
9 9.0 20 NPC1)+VP+UMHNP(2)
> 2.0 NP C1 )4+ VM VP+ UM
! 1.0 C+ VUM NP (1 )+ VP
0 1.9 UP+C+ VP
4 1.2 UP+C+ VP+HP (2)
7 6.2 .1 EXPECTED FREQ. LESS THAN 5.0
! 1.5 . VP+C4 VP+ UM
0] .. VP+C+ VP4+X
0 o9 VP+C+ VPHNP (2)Y4+UM
t 2 VP+C+ VP+NP (2)+K
2 2.4 NP (1 )+ VP+C+VP
A 5.2 .5 EXPECTED FREQ. LESS THAN 5.0
3 1.5 NP 1)+ VP+C+ VP+NP (2)
6 4.4 VP ( 1 34 VP+C+ VP+VM
9 5.9 1.6 EXPECTED FREQ. LESS THAN 5.0
0 2,7 NP C1)+VP+C+VP+NP (2)+VN .
2 5.5 2.2 NPCI)4+C+NP (1)4+VP |
5 3.4 NP (1)+C+NP (1) +VP+NP (2)
5 6.2 .2 EXPECTED FREQ, LESS THAN 5.0
3 6.4 1.8  NPCIY+CHNPC(1)+VP+NP (2)+VM
g 10,2 .5  NPCI+CHNP (1)+VP+\WM
7 1.6 UM NP (1 )+C+NP (134 VP
3 1.0 UMENP (1)4C+NP (1) +VP+NP (2)
0 1.9 UM NP (1)+C+NP (1)+VP+NP (2)+VM
5 3.0 UM NP (1 )+C+ NP (1 )+ VP+ UM
15 7.5 7.5 EXPECTED FREQ. LESS THAN 5.0
0 .7 UP4+NP (2)+C+NP (2)
0 1.3 VP+NP (2)+C+ NP (2)+VUM
g 1.7 NP C1)+VP+NP (2)+C+NP (2)
2 3.2 NP (1 3+ VP+NP (2)+C+NP (2)+UM
g 7.0 .2 . EXPECTED FREQ. LESS THAN 5.0
0 W2 VMEVP+NP(2)+C+NP(2) .
0 4 UM VP+NP (2) +C+NP (25 +VM.
i .5 VMNP (1)4VP+NP (2)4C+NP (2)
0 .9 VIH- NP (1) +UP4+NP (2)+C+ NP (2)+ UM
10 9.0 .1 NPCI)+VP+A
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TABLE 42 (continued)

3 2.1 NP C1 34 VP+ VM4

2 t.2 NP C1)+VP+A+K |
6 8,3 .1 EXPECTED FREQ. LESS THAN 5.0
0o .3 NP C1)+VP+VIHA+K
5 6.9 W5 NPC1)+VP+A+VN
1 1.6 NP €1+ UP+ VM A+ VM4
1 1.0 VP+ VM A+K
| al NP CL)4+VP4+AL0+YP
1 1.3 NP (1)4+VP4+A+0+VP+ VN
6 2.1 VP+NP(2)+VP .

10 6.9 1.3 EXPECTED FREQ. LESS THAN 5.0
3 3.8 VP+ NP (2) 4+ VP4+VM -

2 5.0 NP C1)+VP+NP (2) +VP
5 8.8 1.6 EXPECTED FREQ. LESS THAN 5,0

12 9,2 B NPC1)4+VP+NP (2)+VP+VN

0 .6 VM VPP (2)4+VP

0 1.1 Vi VP+NP {(2)+VP+ UM

0 1.5 VM NP (1 )+ VP+HP (2) +VP

3 2,7 VMNP € 1) +VP+NP (2) +VP+UM

3 5,9 1.4 EXPECTED FREQ. LESS THAN 5,0
4 2.1 VP+NP (2) +VP+NP (2) .
4 4,0 VP+HP (2) +VP+NP (2)+VM _
8 6.1 .6 EXPECTED FREQ. LESS THAN 5,0
6 5.2 .1 NP(1)+VP+NP(2)+VP+NP(2)

7 9.7 «T NP CI)+VP+NP(2)+VP+NP (2)+VM
0 o8  UPHNP(2)4+NPC1)+VP

0 5 . UP+NP(2)+NP(1)+VP+WM

0 2  VP4+NP (2)+NP (1) +VP+0+VP

2 2.0 NP(1)+VP+NP(2)+NP(1)+VP
2 1.2 CHP C1)+ VP4+NP (2) +HP (1) +VP+ VUM
1 A NP (1)+VP+NP (2)+NP (1)+VP+0+VP
5 5.0 .0 EXPECTED FREQ, LESS THAN 5,0
1 "6 VP+RP (2)+NP (1) +VP
1 .4 VP+RP (2)4+NP (1) +VP+VUM

0 ol VP+RP (23 +NP (1) +VP+ 0+ VP

2 1.6 NP C1)4+VP4+RP (2)+NP (1)+VP

0 S . NPCI)+VP+RP(2)+NPC1)+VP+UM

0 3 NP (1)+VP+RP (2)+NP (1) +VP+0+VP
6 11,5 2.6  NP(1)+VP+0+VP

21 Tl 26.9 NP (1)+VP+0+VP+NP (2)
b 4 1 X TN RP 1YL UPLALUPLNE fOYLUN . .
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TABIE 42 (continued)

18 2 .5 NP(1)+VP+0+VP+UM

UMENP (1) +VP+0+VP

s @
E ) o I

~ «9 EXPECTED FRER, LESS THAN 5,0

VM- NP (1) +VP4+ 0+ VP+NP (2)
VM NP (1)+VP+0+VP+NP (2)+UM

Qb

o O 0 -

.7 EXPECTED FREQ. LESS THAN 5,0

o1 VMENPC1)4+VP+0+VP+UM

S NPC1)+VPHNP(2)+0+VP
NP(! Y+ VP+NP (2)4+0+VP+NP(2)

3,5 EXPECTED FREQ, LESS THAN 5.0

W\ -3 P

Nh N O N ) M
[ ]

I

—

NPCLY+VPLNP(2)40+VPHNP(2)+VP
«4 NP(1)+VP+NP(2)+0+VP+UM
NP (1 Y+VP+NP (2)+04VPHNP(2)4+YN
NP (1)4+VP+NP (2)+04+VP+NP(2)4+VP+VUM
o0 NPUD)HC+NP(1)+VP+0+VP+UM
- NPCE)+VP+VM-04 VP
NP (1)+VP+0+VP+NP(2)4+VP

LE T ¥ S ]
. 0

DOo0OVRNY («k

.
o

.0 NP (1)+VP+CON+0+VP
NP C1)+VP+CON+HP (1)
.9 NP C1)4+VP4CON+NP (1) +VP

5.8 1.4 EXPECTED FREQ, LESS THAN 5,0

NP (1 )+VP+CON+NP (1) +VP+VUM

NP (1)+VP+NP (2)+CON+NP (1)

NP (1)+VP+NP (2)+CON+NP (1) +VP

NP (1)4VP+NP (2)4+CON+NP (1)+VP+UM
NP (1)+VP+VM-CON+NP (1) :

NP (1) +VP+VM-CON+NP (1 )+VP

NMVOOODL F NOD OOUVO—~nO
Y o
L ]
—

e & & & 8 @

L ]
U NMOMNO (4] N0 <\~ -

—
—

3.0 EXPECTED FREQ. LESS THAN 5.0

NP (1)+VP+Vi-CON+NP (1)+VP+VM
NP (1 )+VP+NP (2)4+VIH-CON+NP (1)
NP (1)4+VP+NP (2)4+VM-CON+NP (1 )+ VP
- NPC1)Y+VP+NP (24 VM-CON+NP (1) +VP+ VM

3,7 EXPECTED FREQ, LESS THAN 5,0

»

e s [N) N
* @ L J

OO0 —

p—
w .
[}

0 =.0 RESIDUAL
835 835.0 206,0 TOTAL
15 DEGREES OF FREEDCM
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TABIE 42 (continued)

READERS COMBINED

OBSERV. EXPECT. CHI#%2 SOURCE

266  278,2 «5  NP(1)+VP+NP(2)
16 . 21,0 1.2 NPCI)+VP+HP (2) 4K
207 - 189,9 - 1.5 NPC1)+VP+NP(2)+VM
35 29.6 1.0 C+NP(1)+VP+NP(2)
1 2.2 C+ NP (1)+VP+NP (2)+K
16 20,2 o9  C+HP(1)+VP+NP (2)+VN
57 54,0 .2 VMNP (1)+VP+NP(2)
1 4,1 VMNP €1 )4+ VP+NP (2) 4K
2 6.3 2.9 EXPECTED FREQ. LESS THAN 5.0
37 36.9 0 VMNP (1) 4 VP+NP(2)+VN -
35  113.4  54.2 NP(I)4VP
348 . 234.4° 55,1 HNPCH)+VWP+WM
1 13,1 11,2  NPC1)+VP+K
4 27,1 19,7 NP C1)4+VP4+VMK
12 3.5  RENPCI4WP
0 7.2 Te2 RENPC1)+UPHUM
0 oA R+NP (1)+VP+K
0 .8 R+NP (1) +VP+ VMK
12 16,7 1.3 C+NPCI)+VP
A4 34.4 2,7 C+NP(1)+VP+WM
0 1.9 C+NP (1) +VP+K
12 6.7 4.2 EXPECTED FREQ. LESS THAN 5.0
1 4,0 C+ NP C1 ) +VP+ UMK
115  86.5 9.4 VMHNP(I)+VP
173 178,8 «2  UMENP(1)4VP+UM
6 10.0 1.6 VMNP CI)+VP+K
2 20,7 16,9 VMNP (1)+VP+UMER
20 23,7 .6  VP+NP(2)
6 1.8 VP+NP (2)+K
7 5.8 ~ «3 EXPECTED FREQ. LESS THAN 5.0
B! 16,2 14,3  VPHNP(2)+VM
18 4,7 VM- VP4 NP (2)
1 .4 Vit UP+ NP (2)+K
19 5.1 38,4 EXPECTED FREQ. LESS THAN 5.0
4 3.2 Vi VP4+-HP.(2) + Vi
46 53,9 1.2 VP
75 11,4 11,9 VP+WM
54 12,9 131,01 VP&WHK
0 2.6 Vit VP+ VK

>
»
o]
r

WD RGP T T ey § gmon SmilaAl E M
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TABIE 42 (continued)

106,84 VP4K
VM- VP4+K
- Tel VHHVP
5.6 UMH+VP+VH A

o0 NPCD)H+VPHUME-NP(2)
NP I+ VN VPV
+0 CH+VMEHRP(1)+VP

5.7 VUP+C+VP
5.8 VPH+C+VP+BP (2D
o4 VPH+C4+VP+VM
VP+-C+ VP+K
VPLHC+UPENP(2)4+VM

»

o e
o0 ~FAR AN O -

AN L OYOON B OWHNON VA=) -

DD
-
[

¢ 2 8 & ¢ ¢ ¢ @

— = OO CO— 2NN
°
o

[+, -
®
—
°
)

 EXPECTED FREQ, LESS THAN 5.0

UP4C+ VP+ NP (2) 4K
NP (1) +VP+C4+ VP
NP (1)+VP4+C+ VP+HP (2)
CVPCL)4VPHCHVPHVR
NP C1 )4+ VP+C+VP+HP (2)+ VN
NP C1)+C+NP (1) +VP |
NP C1)4+C+ WP (1) +VP+NP (2)
BP (1) +C+RP (1) +VP+NP (2)+ VM
NP C1)+C+NP (1) +VP+ UM
. VM BP (1 )4C+NP (1)+ VP

N
@

NO=MNNSE W

—
* o @

(2] N L3O =0
.

e 2 °
(%] e~
e & o © o ©

®
e O =IO N

™

47,3  EXPECTED FREQ, LESS THAN 5.0

UM RP (1) +CHNP (1) +VP+ NP (2)
VI NP (1) +C+NP (1) +UP+NP (2)+UM
Vil NP (1 )4+C4+NP (1 )+ UP+VUN

N
(<]
e

£

-
L

-

«6 EXPECTED FREQ, LESS THAN 5.0

VP+NP (2)4C+NP (2)
VP+NP (2) +C4NP (2) + VM

L4
O & N bOb

7.4 EXPECTED FREQ, LESS THAN 5.0

®
S

| NP C1)4+VP+NP (23 +C+ NP (2)
1,7 NP C1)+VP4+NP(2)+C+NP(2)+UM
" UM+ VP4NP (2)+C+NP(2)

Ob ~ VN 0 oD
e L )

°
R=W O0CO » WO

24,8 EXPECTED FREQ, LESS THAN 5.0

UMt VP+NP (2) +C+NP (2) + UM
Vi 8P (1) +VP+NP (2) +C+ NP (2)
VI NP (1)4-VP+NP (2) +C+NP (2)+ VM

N . —

(4 R R OrO -~ O~ o oo
|
®

«0 NPCI)+VP+A
1,8 NP(1)+VP+ViHA
NP (1) 4 VP+A+K

-0 0N [y I
L ]
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PABLE 42 (continued)

.3 EXPECTED FREQ. LESS THAN 5.0

CHP 1)+ VP UMEASK
NP ¢ 1)+ VP+A+VN

NP ( 1)+ VP+Vii-A+ VN
VP4 VM- A+K

NP C(1)4+VP+A+04+VP
NP (1) +VP+A+O+VP+VM

bt pin
-~} A= O -}
-4 -~ OMN Y~ -
1<)
2 o @
[ B Rl

o1 EXPECTED FREQ, LESS THAN 5.0

VP+ 0P (2)+VP

2 VP+NP(2)4VP+VM

1.3 NPUY+VPHNP(2)+VP

«0 NP({D+VPHNP(2)+VP+ VUM
VM- VP+ NP (2)+VP

7.4 EXPECTED FREQ, LESS THAN 5.0

VoYL
¢ s o o &

—

w
-

.
~N oV O =N~y Vs~ N D=0 -~ Yvow A VOV

- VM VP4 NP (2)+VP+VM
VMNP (1) 4 VP+NP (2)+VP
V- NP (1) +VUP+8P (2)+VP+ VM

L

1,8 EXPECTED FREQ. LESS THAN 5.0

VP+ P (2)+ VP+HP (2)

VP+NP (2)4+VP+NP(2)+VM

NP (134 VP+HP (2)+VP+NP(2)

WP CLI4VPHRP(2)4VP+NP (2)4+VUNM
VP+HP {23+ NPl Y4+ VP

—
. e
. ®
G e e

W RO=IODW @ WMm 8 HOO O ONOVON b BOO N OCUOUR—N
| ]
L ]

——
» Do s

.0 EXPECTED FREQ. LESS THAN 5,0

VP+HRP(2)+NP (1) +VP+ UM
VP4 NP (2)+NP (1)+VP+0+VP
NP (14 VP+HP (2)+NP(1)+VP

V] &
[]

.0 EXPECTED FREQ. LESS THAN 5,0

NP (1)4+VP+RP (2)4KP (1)+VP+VM
- NP CI)YHVUPHRP (2)4NP (1) +VP+0+VP
VP+RP(23+NP (1)+VP

o

o] (7]
.

1.5 EXPECTED FREQ. LESS THAN 5.0

VP4+RP (2)+NP (1)+VP+ VM
VP+RP (234 8P (1 )+VP+0+VP

o0 NP(1)+VP+RP(2)+NP (1)+VP

- NP+ VPHRP (2)+0P (1 )+ VP+VUM
NP (1)4+VP+RP (2)+NP (1)+VP4+0+VP

e \) wd -
» ¢ & o @2

1
)

.1 EXPECTED FREQ, LESS THAN 5,0




TABLE 42 (continued)

. —
v NV ONOONAR— OO A ATV ] b ] == 0

oo & Wn=

2222

o] MM OOO oM NN O W

8.2

21.2
13.9  52.9
28,7 4.8
43.8 .2
4.2
2.8 |
7.0 3.7
5,7 5.7
8.7 .2
6.8 2.5
2.6
0
14,2 1.2
5.4 2.1
.0
5.0 <0
5.0 .0
3.0
5,6 2.1
5.0 .0
2.6
2.2
1.2
5.9 07
1.7
1.4
.8
5.3 104
4.5
8.4 .0
2.4
3.5
5,9 .0
2.9
l'G
4.5

2222,0 729.2
44
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NP (1)+VP+0+VP

NP (1)+VP+0+VP+NP(2)

NP (1) 4+ VP+0+VP+NP (2)+ VM
NPCUY+VP+O+VP+VM

VMH-NP (1) +UP+0+VP
VIt NP (1) 4 VP+04+-VP+NP (2)

_ EXPECTED FREQ, LESS THAN 5.0

Vi NP (1) 4+ VP+04+UP+RP (2)+ VM
VM NP (1 )4+ VP+0+VP+UM

NPC1)+VP+NP (2)40+VP o

NP (1)+VP+NP (2)4+0+VP+NP (2)

NP CIY+VPH+NP (2)+0+VP+NP (2)+VP

NP (1) +VP+NP(2)+0+VP+ VM :

NP (1) +VP+NP (2)+0+VP+NP (2)+ VN

NP CEY+VPHNP (2)404+VP+NP (2)4+VP+VM -
NP (1)+CHNP (1 )+ VP+0+VP+UM _
NP (1)+VP+VM-04+VP S

NP (13+VP+0+VP+NP (2)4+VP

EXPECTED FREQ, LESS THAN 5,0

NP C1)4VP+CON+04VP

NP (1)+VP+CON+NP (1)
HPC1>4+VP+CON+NP C1)+VP
NP C1)+VP+CON+NP C1)+VP+UM

EXPECTED FREQ, LESS THAN 5.0

NP1+ VP+NP (2)+CON+RP (1)

NP (1 )+ VP+NP (2)+CON+NP (1 )+ VP |
NP (14 VP+NP (2) +CON+NP (1) +VP+VM -
NP ¢ 1)+VP+VM+CON+NP (1) _

NP €134+ VP+VM+CON+NP (1) +VP
EXPECTED FREQ, LESS THAN 5.0

NP €1 )+ VP+ Vi CON4-NP (1) +VP+ VUM
NP (1)+VP+NP (2) +UM+CON+NP (1)

EXPECTED FREQ. LESS THAN 5.0
NP (1 )4 VP+NP (2) +VM-CON+NP (1)+VP
NP € 1)+ VP+NP (2)+UMC ON+NP (1 )+VP+VM

RESIDUAL

TOTAL |
' DEGREES OF FREEDOM




TARIE 42 (contimed)

ATLI, COMBINED

116

O0BSERV. EXPECT., CHI**2 SOURCE

653 668,1 o3
31 54,6 10.2
363 324.3 4.6
47 45.3 : ) '

1 3.7 o
23 22,0 .0
88 81,0 °6

1 6.6 4,8
38 39.3 0

108 223 .8 59.9
§01 354,0 172.4

3 54,7  Af,.9
7 86.5 73.1
- 20 6.5 27.7
1 10,3 8.4
0 1.6
1 5.3 3.5
0 2.5
26 27.1 .
59 42 .8 €,
o 6.6 6.
2 10,5 6.
268  164.0 65,
240 259.5 1.
17 40,1 13,
2 63,4 59.
124 126.9 .
34 - 10,4 53.
27 €1,6 19,
18 12.9 2.
3 Iot
13 6.3 T.
95  214,5  66.
253 339,2 21,
221 82.9 230,
5 8.4 . 3.
156 52,4 204,
4 5.3 .
4 - 21.8 ta4,
23 34,4 3.
13 13.0 .
7 7.0 .
S 9.0 »
28 52,5 11.
72 38.2 30,
25 25.5 e

QObk OQORAVUNIOUVMUKW OLIY=VUHUVOVOH—O

NP (1) +VP+NP (2)

NP {1)+VP+NP(2)+K

NP(1)4+VP+NP (2)+VM
C+NP CI)4+VP+NP(2)
C+NP (1)+VP+NP (2)+K

"CHNP I +VPHNP (2) +VM

VM NP (1) +VP+NP (2)
VMNP (1 )+ VP+NP (2) 4K
UM+ NP €1)+VP+NP (2) +UM
NP (1)+VP

NP (1)4 VP4 VM -
NPCID+VP+K

NP €1+ VP+ UMK

R+NP (1) +VP -
‘R+NP(1)+VP+VUM

R+ NP €1)+VP+K
EXPECTED FREQ, LESS THAN 5.0
R+NP (1 )+ VP+ VMK

C+NP (1)4+VP
C+NP C1)+VP+UM

C+ NP (1) +VP+K
C+NP (1) +VP+VMHK
VMNP (1 )+VP

Vide NP (1) +VP+VUM

UM+ NP (1) +VP+K
V- NP (1) +VP+ UMK
VP+NP (2)
UP+NP (2) 4K

VP+NP (2)+UM

Vi VP+NP(2)

VME VP+NP (2)+K

- VM- VP4+NP (2)+VM

VP
VP+ VM

- VP+ VMK

VM4 VP4 V- X

VP+K

VM VPHK

Vit VP

VM- VP+UM

NP (1)+VP+VM-NP (2)
NP ()4 UM+ VP+ UM
C+HVME-NP (1) +VP

VP+C+ VP
VP+C4+ VPHNP(2)
VP+C+ VP+ UM
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PABIE 42 {continued)

8 4.3 VP4+C+ VP4+K
11 7.9 1.3 EXPECTED FREQ., LESS THAN 5.0
3 18.5 13,0 VP+C+VP+NP(2)+UM
6 3.1 : -~ UP+C4+VP+HNP (2)4K
23 11.2 12,4 NPC1)Y4+VP+C+VP -
13 8.2 2.9  NPCI)+VP+CH+VPENP(2)
t3 F7.7 1.3 VPU1)Y4VP+C+VP+UM
! 12.9 11,0 NPCI)+VPLCH+VUPHNP(2)4+UNM
10 - 23.6- T8 NP(1Y4C+NPC(1)4VP
15 17.2 «2 NPLD)Y4CH+NP 1) +VPHNP(2)
12 27,2 845 NPC(L)4CHNP(1)+VP+NP{(2)+UN
39 37.3 ol  NPCIYHCH+NP{I)+VP+UM '
21 2.4 VMNP CDDYHCHNP (L) +VP
27 5.5 83.7 EXPECTED FREQ, LESS THAN 5,0
4 1.7 V- NP (1)4+CH+ NP (1) +VP+NP(2)
2 2.8 - VMNP (1 )4C+NP (1 )+ VP+NP(2)+ VM
S 3.8 VM RPCLY4+CH+NP () 4VP+M :
15 8.3 5,4 EXPECTED FREQ., LESS THAN 5,0
15 10,0 2.5 VP+NP(2)4C+NP(2)
. B 15.8 . 15,8 VPHRP(2)4+CHNP(2)4+VM
33 11,5 40,4 NP(1)+VP+NP(2)4+C+NP(2)
€ 12,2 B.1 NP+ VPHRP(2)Y4CH+NP(2)4+UN
0 1,0 : UM+ VP4# NP (2)+C+NP (2)
1 [.6 VM VP4 NP (2)4C+NP (2)4+ VM
6 1.2 - VME NP (1 )+ VP4NP(2)+CH+NP(2)
0 1.8 UM+ NP (ED)Y+VPHNP (2)+CHNP(2)+ VM
7 5.6 «3 EXPECTED FREQ. LESS THAN 5,0
62 63,2 . 0 ANP(1)+VP+A
10 14,0 1.2 NPCL)+VP+UMEA
8 . 5.2 ol  NP(1)+VP+A+K
0. 1.1 NP ( 1)+ VP+VM+A+K
L 30,7 +0 WNP{IY4+VP+A+UM
12 €.8 3.9 NP(1)+VP+UMH-A+UM
5 5.0 <0 VP+VMEA+K |
7 7.7 o NP +VP+A+0+VP
13 12,3 «0 NP(1)+VP+A+0+4+VP+ VUM
42 20.4 22,8 VPHNP(2)+VP
32 32,3 o0 VUPHNP (2)+VP+VM
15 23.5 3.1 NPCL+VP+NP(2)+VP
29 37,2 1.8 RKP{IDYHVPHNP(2)+VP+VUM
0 2.1 . VM VPP (2)4+VP
0 3.3 Vi VP4+NP (2) 4+ VP4 VUM
0 6.5 6.5 EXPECTED FREQ, LESS THAN 5.0
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TABIE 42 (continued)

VMNP (1) +VP+NP(2)+VP
VEH- NP (1 D+ VP4HNP (2) 4+ VP+UM

A N

o} EXPECTED FREQ, LESS THAN 5.0

4,2 UP+NP(2)+VP+NP(2)
o4 VP+NP(2)+UP+NP(2)+UM
«d NPCI)+VP+NP(2)4+VP+NP(2)
2.0 NP(!)+VP+NP(2)+UP+NP(2)+UM
5 VPHHP(2)+NP(1)+VP
2.2 VPENP(2)+NP (1 )4+VP+VM
VP+NP(2)4+NP(1)+VP+0+VP -
NP C1Y+VP+NP(2)+NP (1 )+ VP
] NP(!)+VP+NP(2)+NP(1)+UP+VM
NP ()4 VP+NP (2)+NP C1 )+ VP+0+VP
1.7 VPH+RP(2Y+RAP(1)+VP
© UPHRP(2)+KP (1 )+ VP+VM

2,1 EXPECTED FREQ, LESS THAN 5.0

DO DD o e
L

[\) s+ bt pen pum
O NONOAARRNDVLON w9~

' [
= 3O O AWVWNVMIOON—~BWVLUNR - -~ O
[an]
* e s o 8 s @
-3
.
—

© VP+RP(2)+WP (1)4+VP+0+VP
1,0 NPC(I)+VP+RP(2)+NP(1)+VP
' NP 1)+ VP+RP (2)+NP (1)+VP+VUM
NP (1)+VP+RP(2)+NP (1) +VP+04+VP

N O

(4]
o
\N
0
.

o

9  NP{1)Y+VP+0+VUP

«5 NPCEY+VP+O+VP+NP(2)

6 HP(I)+UP+0+UP+NP(2)+UM
.6 '

.|

e Y

o

Wb

I O O

- [ ] »

(T -4
DN AN e

NP 1)+ VP+0+VP+ VM
VPH-NP (1) +VP+0+VP
_UM+NP(1)fVP40+VP+NP(2)

U]
[~
[ I}
Fo

EXPECTED FREQ. LESS THAN 5,0

UM+ NP (1) +VP4+0+VP+NP (2) +UM

VM NP (1 )+ VP+0+VP4+VM

NP (1)+VP+NP(2)+0+VP

NP (1)+VP+NP(2)+0+VP+NP (2)

NP (1)+VP+NP (2)+04+VP+NP (2)+ VP
NP (1) +VP+NP (2)+0+VP+VUM

NP (1 )+ VP+NP (2)+0+VP+NP (2)+VM
NP €1 Y4+ VP+NP (2)+04+VP4+NP (2) +VP+ VM
NP (1)+C+NPC1)+VP+O+VP+UM
NP (1 34+ VP+ VUM 0+VP |

NP (1)+VP+04+VP+NP(2)4VP

[\
un [y B v RN O \R LV BN | O~ W9 - [+ 4] -2
2 & ®* @ ¢ © & @
~ N
e ®

o QOO Vv WUNNSO -

NP (1)+VP+CON+O+VP
NP (15+VP+CON+NP (1)
NP (15>+VP+CONHNP (1)+ VP

EXPECTED FREQ. LESS THAN 5,0

* & 8

o
L

NP C1)+VP+CON+RP (1) 4+ VP+ UM
NP (134 VP+NP (2)+CON+NP (1)
NP C1)+VP+NP (2)+CON+NP (1) +VP

M
OO W VWO [+ BE. RV No BV R/ Na ]
.

PO —




TABLE 42 (continued)

O w oOowv v

4822

-3 | NO o

\n
.
o 1]

h G g NS U b
™ . . . e . .
L+ - I | & B r— Wy O [

2.0
4822,0

1644,0

61

o9

.5

o4
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EXPECTED FREQ. LESS THAN 5.0

NP (1) +VP+NP (2)+CON+NP C1)+VP+VN
NP (1 )+VP+VM-CON+NP (1)

EXPECTED FREQ. LESS THAN 5.0

NP C1)+VP+UMCON+NP (1 )+ VP
NP €1)4 UP+VM+CON+NP (] )+ VP+ UM

EXPECTED FREQ. LESS THAN 5.0

NP C 13+ VP+NP (2)+VMCON+NP (1)
NP (134 VP+NP (2)+VM+CON+NP (1) 4+VP

FXPECTED FREQ, LESS THAN 5,0
NP (1)+VP+N8P (2)+VM-CON+NP (1) +VP+ VM

RESIDUAL
TOTAL
DEGREES OF FREEDOM




Rank

n

A e T e |
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TABIE 43

Comparison of the High Frequency Types in the Ginn and Séott—Forésman Series

Ginn Pre«Primer

Type

NP1+VP+NP A

NE+K

VP+II'P2+K

NP1+VP+NP2+VM

Freg.
5
63 .
62
59
by
b2
2h
=
25
20

Seott-Foresman

Pre-Primer

Zype
N, +VPH

VBV

2

VE+VMK
NP1+VP+VM
VPHK
NP1+VP+N'P2+VM
VM+N?1+VP
NP1+VP

vP

VP+NP2

Freq.
69
58
35
31
27
2l
21

20

Ginn Primer

Type Freq.,
NP1+VP+NP2 161
HE, +VP+M 106
NE, +VE+NE,+VH 62
VE+VM &1
VM+NP1+V1= 58
VEHVMH 32
VP+HK 28
NP, +VP+CHVB+TH 27
VMENE, ¢VE+VY 26
NP, +VP _ 25

Seott-Foresman

Primer

Zype
NP1+VP+N'P2
N'P1+VP+VM
NP1+VP+NP2+VM
TP+HVMHE
VE+HVM
VM+NP1+VP
N‘P1+V'P+O+VP+VM
V'IJ[+NP1+VP+VM
VMPNP1+VHN?2
1‘1‘]?1+1.'P~:-O+V‘P4-I\1P2

Freq.
82

72
50
"
35

-3

23
21
8
i

Ginn Reader
Type Freg.
NE, VR 231
NP +VPHIE, 185
| WPy VPP, M 128
VMR, #VPHVH 100
VMNP, 4VF 76
VE+VM - 51
| VEFVMRK 38
' VM+NP1+VP+NP2 36
CHIYP, +VE+VM 35
8% 31

Seott-Foresman

Readexr

ZIype
N?iﬂ"PWM

2

N?1+VP+NP2+VM

W'I+NP1+VP+VM

.'N'P1+V'P+N'P

VHHTE VP
VP

VMNP 1+VP+N?2

NP1+VP+0+V'.E‘+NP2

NP1+VP+O+VP'FVM

VE+VMHE

Freg.
17
81
79
3
39
24
a1
21
18
16

oA
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Within the pre-primers combined, seven of the ten highest ranking
types of the Ginn series are among the ten highest ranking types of the
Scott-Foresman series, and within the primers and readers eight of the ten
highest ranking types are common to both. In the primers the first three
high frequenéy types hold corresponding ranks in the 'Ginn and Scott-Foresman
tooks, and in the readers the first six high fréquency types hold corresponding
ranks. The type (NP, +VP, NP

i,J,1 1s4d k,£,2
pre=primers and the primers and 1s the second most freguent pattern in the

) is the most frequent pattern in the

readers; in the readers the tyve (NPi’j,l+VPi’j+VM) is most frequent. For
all sections the majority of high freguency types can be generated from
the rules Tor statements with simple subjects and predicates and without
embedding.

The maximum-likelihood estimates for the rule choice parameters,
Al_AEM’ indicate some changes in structural petterns from the @rewprimers
t0 the readers., Table U4 shows the rank order of the corresponding
estimated values across sections; "1" indicates the largest valﬁe and "3"

indicates the smellest.

Insert Table 4l about here

- Within the statements without embedding there is a shérp decrease in

the estimates for A Ah’ AB, and A . from the pre-primers to the readers.

%7 11

These are probagbilities of statements which are (or in the case of All

may be) imperatives, and include cne and two word utterances such as
"Run.” and "Help Dick.” The proportion of statements which include
subjects or objects or both increases from the pre-primers to the readers,

and with the exception of A,_ the estimates for the probabilities of

15
statements with embedding are smallest for the pre-primers. Again Al

p)

is the parameter for a rule which may be an imperative. Estimates for
B8l and B82, the parameters for including or deleting the subjective noun
phrases, indicate that for the pre-primers the subject is deleted twice
as often as not:; thus when rule 13 with probability A or rute 14 with

11

probability A is chosen for the pre~primers, the subjective noun phrese

15
is usually deleted and the result isg an imperative statement. Contrary
to the Strickland finding end more in iline with common-sense expectaticons,

some evidetice for a development of sentence structure was found in the
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TABLE Lk

Rank Order of the Maximum-. dikelihood Estimsates,

AlmAgh, acrcss SBections of the Corpus

: Pre-Primers Primers Readers

Parameter Combined Combined, Combined
Al 3 2 1 -
AE' | 3 2 1
AB 1 2 | 3
AL; i 2 3
A5 2.5 2.5 1
A 3 2 1
A, 2 3 1
Ay 1 2 3
A9 3 1 2
AlO 3 2 1
All . L 3 2
A12 3 1 2
AlB 2.5 2.5 1
Alh o} 1 2
A15 1.5 1.5 5
Al6 b 2 1
Ao 2 1 3
A18 3 1 2
Al9 3 | | 1 2
Aoy 2.5 | 2.5 1
Ay 2.5 2.5 1
Ay 3 1 2
AEB 2.5 2.5 1
A24 3 2 1
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corpus; short statements without embedding were more probable in the
pre-primers while longer statements and statements with embedding were
more probable in the readers.

 Table 42 indicates that a large percent of each of the total chi-
squares is due t0 a few types which contribute very large chi-sguare
values, rather than to many types with rather large chi-square contributions.
.For the corpus as a whole, for example, subtracticn of the ten largest
chi-square contributions yields a total chi-square of 573.7, a reduction
of 1070.3 or 65.1%. Thus, in general, the grammar provided a good fit:
again, hOWevef, the number of degrees of freedom is relatively small, and
some sort of fit would be expected. Only one type, (NPi,j,l+VPi,j+VM)’
was a counsistently large contributer; predictions for this type were always
too low. This type can be derived from the second rewrite rule; removing
this possibility from the rule and forming instead & new rule in hopes of
- changing the parameters and providing a better fit for this type would
involve changing the whole structure of the rule and including several
more rules.. This in turn might change some of the good predicted freguencies
of other types derivable from the rule ard in this way again increase the
total chi-square value. Thus it seemed beét to make no change in the: grammar.

Figure 6 shows the fit of the grammar to the observed frequencies
and their rank order. This indicates a fit whieh is poorer than the

previous grammars for high frequency types but is in general quite good.

Irnsert Figure 6 sbout here

Table 45 summarizes the total chi-squares and the respective degrees
of freedom for each of the six grammars for every secticn of the corpus
in which the statistic was applicable. Table 46 shows the "average
chi-squares” found by dividing the degrees of freedom into the total chi-
square; these values‘form the numerators and denominators of the F-tests

- and make pairwise comparisons somewhat easier.

Insert Tables k5 and 46 about here

The fiks given by the statements-with-verbs grammar for the primers
individually and combined and for the Ginn reader Wére not significantly
different than those given by the noun-phrase grammar for‘éprrespon&ing sections.
The fit for the pre-primers éombinediwas signficantiy-worse and the fits for

.
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Fig. 6. Comparison of observed and predicted values for 'st_a,temerit with verbs (entire cor;pus_) .




TABLE 45

Comparison of Total Chi~Squares for all Grammars

Verbal- Grammar for | ~ Grammar for

- Noun-Fhrase Verb-Phrase Modifier Statements Interrogative  Statements
Text Grammar Grammar . Grammar without Verbsz . Grammar with Verbs
Chi-Sq. IF Chi-Sq. IF Chi-8q. DF Chi-Sg. DIF Chi-8g. DF_ Chi-Sg . IF

Ginn Pre-Primer | b9 2 - - - - - - - -

Scott~Foresman He—&ﬁer 2.3 0 | 1.4 1 - - - - - - - -
Pre-~Primers Combined 1.3 1 | 33.5 2 - - - - - - 36L.T7 2
Ginn Primer 52.2 2 .9 3 - - - - - - 2h9.6 8
Scott-Foresman Primer - 42.6 1 36.9 3 - - ' _’ - - - 25k.2 T
~ Primers Combinéd'.. | 95.3% 2 69.1 & - - - - - - L78.3 26_
Ginn Resder | 81.5 2 72.9 3 - - - . - - 406.3 25
Scott-Foresman Reader 775 2 12.9 - 3 - - - . - - 206.0 15
Readers Combined 247.6 2 57,3 L . - - - - - 729.2 4k
A11 Combined | 36.8 2  159.1 L 9.6 5  13.0 3 52.3 g 164k.0 6.1

TAY




TABIE 46
Aversge "Chi-Squares" for asll Grammars

Grammar for Gramn&r for

Noun-Phrase Verb-Phrasge Verbal Modifier Statements Interrogative Statements
Text Grommar Grammar Grammar without Verbs Grammar with Verbs
Ginn Pre-Primer : .5 2.5 - - - -
§-F Pre-Primer - hi.h - : B - - -
Pre-Primers Combined 1.3 16.8 - - : - ~182.4
Ginn Primer _ 26.1 11.6 - - - . . 31.2
.Scott-Foresman Primer k2.6 - 12.3 - - - - %6.3
Primers Combined k7.7 17.% - - - 18.4
Ginn Réad.er 40.8 .. 2.3 - | - - 16.3
Scott-Foresman Reader © 88.8 h.3 - - - | 13.7
Readers Combined .123.8 ‘ . 1%.3 S - - - - ' 16.6

A1l Combined o 158.4 - 39.8 L k3 _ 26.2 o 27.0

9et
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‘ﬁhe SBcott-Foresman reader, the readers combined, and the corpus as a whole
were significantly better than those of the noun-phrase grammar; the latter
were eguivalent to those given by the verb-phrase grammar.

All of the phrase-structure grammars presented in this chapter have
been written to fit the corpus as nearly as possible. Only a few syntactic
patterns which do not appear in the corpus but are generally considered
grammatical can be generated by the grammars, and no provision has been
made for unbounded embedding. In later uses, for example in making
comparisons with oral speech, more general grammars might be preferablie;
in that case the same grammar would be used for both corpuses but different
varameters would be estimated. Although more general constructions and
unbounded embedding are possible in phrase~structure grammars, they are
somewhat easier to conceptualize in categorial grammars. With this in
mind,_categorial granmars were wfitten for the noun phrases and verb phrases;

these are presented in the next chapter;




CHAPTER TV

CATEGORTAT, GRAMMARS

For pufposes of comparison, two categorial grammars, one for the
noun phrases and one for the verb phrases, were constructed. It has been
shown (Bar-Hillel, Gaifmen & Shamir, 1960) that phrase-structure grammars
and categorial grammars are equivaleﬁt in the range of languages ﬁhey are
capeble of characterizing. Categorial grammars, while less easy to interpret
than phrase-structure grammars, are more eésily adapted to fit other
corpuses (for example oral language) because they ccntain at most two
rewrite rules. To adapt a categorial grammar to a new corpus the
parameters must be reestimatéd and sometimes a few new categories must
be added, but no new rewrite rules are needed.
- The two rewrite rules for standard cetegorial grammers are:
1) « waa/55 B
2) a-B, A
where O and B are categories. In writing a categérial grammar
a finite number of primitive categories is selected; the primitive categories

¥

"s" for sentence and “n” for noun. All primitive

are usually taken to be

categories are categories; when when ¢ and P are categories, [a/ﬂ} and

[2\B] are categories~-these are called derived categories. All words in

the terminal vocabulary are classified into one or more of these categories.
A premise ("s" in standard categorial grammars) is chosen, and all

grammatical types of utterances must be derivable from the premise, the

rewrite rules, and the categories. Any utterance derivable in this way

is considered grammatical, so the categories must be established so that

all grammatical utterances, and only those, can be derived. The following
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example illustrates the method of derivation in a categorial grémmar,
- Let "n" be the category for nouns and [n\s]/n be the category for
transitive vérbs° Then the categorial symbolism for the syntactical
type (N#TVHN) is (n, [m\s]/n, n), and this can be generated as follows:
S = 1n, N\g Ruie-E,;s for ¢, n for B
n, m\s »n, [(m\sl/n, n Rule 1, [m\s] for o, n for B
Corresponding to the phrase struciure grammays, parameters can be
agsigned to each choice point of the derivations, and the same statistical
procedures for evaluaiing.the grammers may be followed. In general four
types of parameters are necessary for categorial grammars:' a stobping
parameter, a parameter for the choice of rule used, parameters denoting
substitutions for B, and parameters denoting substitutions for O
- The first three parameter types represent unconditional probabilities
" and present no problem. The parameters for the choice of @, however, are
conditional probabilities; they are conditional on the choices available
from the previous application of the rule. In the example above, when rule
2 is applied; the only choice for & is "s" so the probability of that
choice is one, when rule 1 is applied in the next step, there are two

choices available for &, "n" and "n\s", and the probability of choosing

"g" at this point is zerc. In this example three parameters for O are
needed: Pl[s for o given s], P[n for o given n, n\s], and P{n\s for a
given n, n\sl; clearly the first probability is one and the sum of the

lagt two probabilities is ohe. Under this system, a new set of & parameters
is required ezch time a new set of choices is available. - Some
simplification can be achieved by considering the number of the choice
instead of the choice itself. In the example above the required parameters
would be: P[first choice given one choice], Pifirst cholce giﬁen two
choices], and P[second choice given two choices]; again the first
probability is equal to one and the sum of the last two is one. When the

" mumber of the choice is the basis for parameter.assignment,'the nuniber of
necessary sets of O parameters is equal to @ the maximim . .- '

aumber of times the rule is applied in any derivation of the grammar. If
the grammar provides for an infinite number of rule applications, a

decision could be made to stop when the probability of syntactical patterns
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reached a certain level close to zero; the maximum number of rule
applications would then be finite. In the noun-phrase and verb-phrase
'grammars.of this chapter, no choice of ¢ is available, so the problem of

conditional parameters does not arise.

Lategorial Grammar for Noun Phrases

The categorial grammar for noun phrases is summarized in Table 47,

and the derivations and theoretical probabilities are given in Table 48,

insért Tables 47 and 48 about here

As .can be seen from the derivations, only cne rewrite rule is _
fequired for the noun-phrase grammar, so no parameter is necessary for .
the choice of the rewrite rule. The only choice made for & and B is

"n", s0 no parameters are required for these choices either.

- Three premises have been selected, "n", "p", and "g", but derivations
are permitted from only the first of these. This is a deviation from
. standard categorial grammars in which only one premise is.chosen and‘ali
derivations are made from the one premise. But such a deviation was
necessary to correspond to the phrase-siructure grammar in not allowing
adjectives and articles to precede promoung and proper nouns. Three
pérameters were required for the three premises; Al is the probability of

. i

choosing 'n’ for the premise, A2 is the probability of choosing "p", and

A3 is the probability_of choosing “g".

. The optional transformation requires one (free) parameter; Tl is

the probability of choosing an article and T2 = ]1=T_  is the probabili%y'of

not choosing an article. This method of geperatingltypes such as (T+A+N)
~as well as (A+N) was the simplest which could be found. Other means, such
as classifying articles as adjectives, generated phrases with the
article between the adjective(s) and noun.(for example, "red and yéllow
the vall” instead of "the red and yellow ball“) as well as the desired
syntactical types. As Table 47 shows, the same obligatory transformaxions
used for the phrase-siructure grammars are used here. _
The variable ”Sl"Nwas chosen for the stopping parameter; this is a
binomial parameter, (x)slx(lwsl)m“x, where x is the number of times the

rewrite rule was applied and "N" is chosen to be some number greater than



131
TABIE 47

The Categorial Grammar for Noun Phrases

Rewrite rule: o — /B, B |
Premises from which derivations are poséible: n
Premises from which no derivations are possible: p, g

Primitive categories: n

Categories: n {noun)
. g . {proper noun)
p- (pronoun)
& (article)

n/n  (adjective)
'Obligatory transiormations:

a) If "n" is "something”, n/n,n - n,n/n
b)  If "n/n" is "what" or "all", t,n/n,n - n/n,t,n
c)y If "n/nl" is "what" or "al11", t,n/n,n/ng,n.—>n/nl,t,n/n2,n
Optional transformation: Any statement derivable from "n" may begin with
an article, "t". '
Parameters: ‘Al-AB, premise cholce parameters
81-82, storping parameter

Ti-TE’ optional transformation parameter
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TABLE 48

Derivations from the Categorial Grammar for Noun Phrases

AN
A+AFY
TN
TN
T+A+AHN

A+A+AHY

Derivation
g
g
n
n -->n/n,n

n -n/n,n -n/n, nfn,n

-n + transformation

n—>n/n,n + transformation
n ——>n/n,n '—m/n, 'n/n,n + transformaticon

n ~n/n,n-n/n,n/n,n-n/n,n/n,n/n,n

Theoretical .
Prqbab i_l ity
AE

A5

' Mye Oa N
A ()8 s, T

122
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the maximum number of times the rule must be applied to generate all
observed syntactical types. This a priori choice of "N" is not entirely
satisfactory, but as will be seen in a later‘discussion_of chi-square
contributioné and total chi-squares, within a certain range the choice
does not have s significant éffect on the parasmeter estimation. If "Sl"
is estimated separately for types formed according to the number of times
tﬁe rule was applied,_"Sl" is a maximum-likelihood estimate as shown in
the following derivation for N = 6, the.ﬁalue used in the application of

the maximum-likelihcod procedures as explained in Chapter III.

Type . Frequency ~~ Probability
1 K = Tty (1—31)6
2 Ko = TaanTriasn 6(1-5,)7(s,)
3 Ky = Tpensn Trrasasy 15(1-51)”(31)2
4 Ku': T prA+AsH | 20(;_81)5(81)5

K, =0 | 15(1-81)2(81)lF

6 K = 0 o 6(-8)(8))’
7 KT_= 0 ' sl6

p K K K - K
L = [(1-5)°1% [6(1-8,)%s} 2[15(1-5))%s, %) “[20(1-5,)78, %1 ¥
log L = Kllog[(1—81)6]+K210g[6(1-81)5Sl]+K310gf15(l—Si)MSlg]+ Khlog[20(1-81)5815]

= + - - -
. J:Sl l-Sl Sl 1-Sl Sl l—Sl Sl 1'51:
Setting the derivative equal to zero and solving:
42K _+
S = Kty Ky
+6K _+HK_+
1 6Kl 6K2 6K3 6Kh

Using the observed frequencies for the corbus as a whole (Table 50),

Sl = .1054. And this is the estimate obtained when the maximum-likelihood

" estimation procedures explained in Chapter III are applied. {Table 49)

Insert Tables 49 and 50 about here



TABIE 4g

Maximum Likelihood Estimates for each Section of the Corpus
for the Categorial Grammar for Noun FPhrases

Pora-  Gimn  §-F  Pre-Primers Gimn S-F Primers Ginn S-F Readers ALl CQiJﬁined Coiﬁnea Coi%]i-ned
meter Pre-Primer Pre-Primer Combined Primer Primer Combined Reader Reader Combined Combined N=5 N=T N=8

A 3731 .1726 | .2798 3912 L3225 .3589 L4755 L5021 L4878 .h19h. 418k AI9h Lok
Ae L2979 6309 L5229 4369 .5290 4803 L3710 L3161 L3733 LA171 L4171 '.u171 LLITL
Ay 3290 1964 2673 1719 .48k L1608 L1535 .1218  .1389  .1635 -1635 .1635 1635
sl .0683 .0805 .0718 L1206 L1182 L1196 L1059 L1029 L1045 _ .105k L1264 .0903 L0790
8, L9317 .9195 .9282  .879h .8818  .8804  .89u1 .8971 .B955  .89k6 8736 .9097  .9210
T 6250 bl 5817 5668 .5b1B 5562 .60L L4575 L5343 .5hh5  .5Mh5  LSMh5  LSuhS
T 3750 .5259 4185 b33 .b582  LWL3B L3959 L5425 LW6ST LS55 k555 MSS5 L4555

WeT -



155
TABLE 50

Observed and Expected Frequencies, Chi-Square Contributions,
and Total Chi-Squares for each Section of the Corpus for the
Categorial Grammar for Noun Phrases

GINN PRE=-PRIMER

OBSERV,. EXPECT., CHI%x%2 SOURCE
230 230,.0 0 P
254 254,0 .0 B
78 70,68 -4 N
23 S3hel 2.1 A+N
2 5,7 «9  A+A+H
121 117,7 o1  T4H
42 51.8 1.8 T+AFN
17 9.5 5,9 T+A+A+N
i o8 A+A+A+H
| 1.8 RESIDUAL
772 772 .0 11,3 TOTAL

3 DEGREES OF FREEDOM

SCOTT-FORESMAN PRE-PRIMER

OBSERV, EXPECT, CHI%x#2 SOURCE
A28 424.0 .0 P
132 132,0 .0 G
33 36.9 4 N
24 19.4 1.1 A+
4 4,2 A+A+N
36 33.2 .2 TN
14 17.5 T THAHN
5 3.8 T4A+A+N
s 8.1 .1 EXPECTED FREQ, LESS THAN 5.0
0 .5 AbALARN
0 1.0 RESI DUAL
672  6€72.0 2,5 TOTAL
2  DEGREES OF FREEDOM



TABLE 50 (continued)
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PRE-PRIMERS COMBINED

OBSERV. EXPECT. CHI%%2 SOURCE

654
386
109
47
12
157
56
22
!

1

1444

OBSERV,

727
286
86
123
56
227
99
43
17

c
1664

654,0 »0
386,0 0
108,1 .0
50.2 2
9.7 .
150,3 ..
63,7 2.7
13,5 5.4
1.0
2.5
1444,0 9.1
3
GINN PRIMER
EXPECT., CHI%%2
727,0 .0
286,0 =0
130.4 15,1
107.3 2.3
36.8 10,0
£70.7 18,6
140,4 12,2
48,1 5
8.7 15.7
10.5 1095
1664,0 85,0
5

P

G

N

A+N
A+A+N
T+N
T+A+N
T+A+A+N
A+A+A+N

RESIDUAL
TOTAL

DEGREES OF FREEDOM

SOURCE
P

A+N
A+A+N
T+N
T+A+N
T+A+A+N

A+A+A+N

RESIDUAL
TOTAL

DEGREES OF FREEDOM
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TABLE 50 (continued)

 SCOTT-FORESMAN PRIMER

_ O0BSERV. EXPECT. CHI*%2 SOURCE
784 T84,0 .0 P
220  220.0 .0 G
63  103.0 15,5 N
110  82.8 8.9 A+N
a3 27.7 8.4 A+A+N
153 121.8 8.0 T+N
18 97,9 4,1 T4+A+N
28 32.8 .7 THA+A+N
3 5.0 A+HA+A+N
3 12.0 6.7 RESIDUAL
1482 1482,0 52,3 TOTAL
4 DEGREES OF FREEDOM
PRIMERS COMBINED
 OBSERV. EXPECT, CHI%%2 SOURCE
1511 1511,0 0 P
506  506.0 .0 G
149  233,3  30.5 N
233 190, 1 9.7 AN
99 64.6 18,4 A+A+N
380 292.5 26,2 T+N
177 = 238,3 15,8 T+A+N
T B0.Y . 1.2 THALAN
20 11.7 5.9 A+AHAHN
0 17.5  17.5 RESIDUAL
3146 3146,0 125.1 TOTAL
5 DEGREES OF FREEDOM



TABIE 50 {continued)

 OBSERV,

1143
473
215
238

103
556
243
.86
24

0

3081

138

GINN READER

EXPECT. CHI**2 SOURCE

1143,0

473.0

296,3.

210,.6
62,4
452,1
. 321.3
95.2
5.9

17.4
308!1.0

.0

- 22,3
3.6
26.5
23,9
19,1
.9
20.3

17.4
133.9
5

0

P

G

N

A+N

A+A+N

T+N

T+A+N
T+A+A+N
‘A+A+A+N

RESIDUAL
TOTAL
DEGREES OF FREEDOM

SCOTT-FORESMAN READER

 03SERV. EXPECT, CHI**2 SOURCE

997
323
239
370
- 97
430
148

31

16

0
2651

997,.0
323,0
376.3
259,0
74,3
317.4

- 218,5

€2,7
11.4

11.4

.0
W0
50,1
47,5
6.9

- 40,0

22,7
16,0
1.9

11,4

196,6

5

P

G

N

A+N
A+A4+N
T+N
T+A+N -
T+A+A+N
A+A+A+N

RESIDUAL
TOTAL
DEGREES OF FREEDOM
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TARLE 50 (continued)

READERS COMBINED

OBSERV. EXPECT. CHI%%2 SOURCE

2140 2140,0 .0 P
796 796,0 0 G
454 671,5 70,4 N
608 470, 1 40.4 A+N .
200  137.1 28,8 A+A+N
986  770.5 60.3 T+N
391 539, 4 40,8 T+AHN
117 157.4 10.4 T+A+A+N
40 21.3 16,3 A+A+A+N
0 28.6  28.6 RESIDUAL
5732 5732.0 296,01 TOTAL
5 DEGREES OF FREEDOM
'ALL COMBINED
03SERV. EXPECT. CHI#*2 SOURCE
4305 430500 .0 P '
1688 1688,0. - .0 G
712 1011.0 88,4 N
g8R  T14.5 42,1 A+N
311 210,4 48,1 A+A+N
1523  1208.4  81.9 T+N
624 854 ,0 61,9 T+A+N
210 251,5 6.8 T+A+A+N
61 33.0 23,7 A+A+A+N
0  46.2 46,2 RESIDUAL
10322 10322 399.3 TOTAL
5 DEGREES OF FREEDOM




TABIE 50 {continued)

OBSERV.

4305
1688
712
ggg
31!
1523
624
210
6l

0
10322

OBSERV,

4305
16892
712
g2
311
1523
624
210
61

0

10322 -

140

ALL COMBINED (N:=5)

EXPECT,

4305,0
1688,0
1003,1
726,0
210.2
1158,.9
g867.7
251.,2
30.4

al.4
10322

CHI*x %2

.0

.0
84.5
56,1
48,4
81.6
- 68,5
€,8
30,7

41,4
403,9
5

SOURCE

P

G

N

A+ N
A+A+N
T+N
T+A+N
T+A+A+N
A+A+A+N

RESIDUAL
TOTAL
DEGREES OF FREEDOM

ALL COMBINED (N=T

EXPECT,

4305,0
1688.0
1016.5
706.5
210.5
1215.,0
844,4

251,5

34,8
49,6
10322

CHI%*2 SOURCE

P

G

N

A+N
A+A+N
T+N
T+A+N
T+A+A+N
A+A+A+N

RESIDUAL
TOTAL
DEGREES OF FREEDOM




TABLE 50 (continued)

OBSERV.

4305
1688
712

BEgR

31
1523
624
210

6!

0
10322

141

ALL COMBINED (N=8)

EXPECT. CHKI%%2 SOURCE

A305,0
1688,0
1020,6
700.6
210.4
121%9,%
837.4
251.,5
36.1

52,2
10322

o0
.0
93,3
50, !
48,1
75.3
54,4
§.9
17.1

52,2
397.5
5 .

P

G

N

A+
A+A+N
T+N
T+A+N
T+A+A+N
A+A+HA+N

RESIDUAL
TOTAL

'DEGREES OF FREEDOM
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If 8, had been chosen to be a gecmetric distribution, no & priori
choices would have been necesgary. This distribution was effective in
the work of Suppes (1970}wq but it would provide a poor it in this case,
If the geometric distribution had been used here, the parameter 35, would

1
have appeared in every theoretical prcbability involving "N", and

whenever one or more adjectives were included, a corresponding number
of'S2 = l—Sl terme would have appeared in the probability. The probability

of type (N), for example, would have beemns _(Al)( )(lmTl) and the proba-

a
bility of type (A+N) would have been: (Ai)(lmsl)(él)(l—Tl)p Taus the
gremmar would elways predict a greater. number of (M) types than {[A+N)
types, a greater number of (A+N) types than (A+A{N)'typ685 etc. But
the observed data did.not shoW this trend. The Poisson distribution
would have fit the stopping date in a manner similsr to the binomial
distribution and would not have involved &n a priori choice; but the
remaining statistical calculations would have been much more complicated,
and for a Tfirst approximstion this was not déemed.neéessary,

The categorial grammar for noun phrases generstes the same types
as the phrase-structure grammar, so the percents of the corpus accounted
Tor by the categorisl grammar are the same as those shown in Table 13.
However, the stopping perameter allows the categorial grammar to generats
seven types which are not found in the corpus. The stopping parameter
allows the rule to be applied six %imes; thus all types from (N) to
(A+A+AFA+A+A+N) and from (T+N) to (T4+A+A+A+A+A+A+N) are possible, although
the probabilities of the longer types are small. The grammar generates
nine cbserved types and the seven unobsgerved types which are placed in
one cell; four parameters are used so without further collapsing due to
low predicted frequencies, the model allows five degrees of freedom.

Tables 49 and 50 show the maximum-likelihood estimates and the
chi-square analysis for this grammar: in the maximum-likelihcod calcula-
tions 6 Waé used for N unless otherwize stated. On Table 50 the column
labeled "residual” includes the expected fregquencies for types generated
but not observed ag well as any remaining uncollapsed types and round-off
errcrs. - The contributions from unlisted types is substantial but never

as large as the largest contribution from the observed types.
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Table 50 shows that for different sections of the corpus the source
of large c¢hi-sguare contributions varies. The contribution from type ()
is usually, but ngt always, the largest, and no other pattern is evident.
For the phrase-structure grammar; on the other hand; the contributions from
types (N) and (T+N) were consistently the greatest. |

The last four pages of Table 50 show the chi-squares for the corpus
as a whole for different choices of "N", the number chosen in contection
with the stopping parameter. It is apparent that the éhoice has littie
effect On_thé total chi-square or on the.individual contributions; for N

.équal to 5, 6, T, and 8, fhe total chi-square values afe h03;9, 399. 3,
A97.7,; and 397.5 respectively. Very large values of N would of course
affect the chi-squares because these values of N would give very small
probabilities to phrases of one to four words and large probabilities fo
the longer, unchserved types.

- Table 51 presents a comparison of total chi-squares for each section

of the corpus for the phrase~structure and categorial grammars.

Insert Table 51 about here

Beéause of the differing degrees of freedom, F-tests were used to
compare the chi-squares; in this situation the independence assumption
is violated; so the results must be considered only as approximations.
However, no significant differences were apparent. While fhe“grammars
differ in their ability to predict particular phrase types (with the
phrase-stfucture béing more regular), the overall fit provided by each
grammay is approximately the same. The similarify of the it is further
demonstrated by Figure 7 which shows the observed ffequencieé plotted
againsf their rark order and the frequencies predicted by the phrage-
structure and categorial grammars plotted at the rank.of the corresponding

observed freguencies.

Insert Figure 7 about here

Table 51 shows that the rank order of the total comparative chi-squares

" indicates that differences in degrees of freedom

{"comparative chi-square
“have been considered)from the Ginn primer to the entire corpus is the same

for the phrasa—structure and categorial grammars.  In both the trend of




TABIE 51

Comparison of Total Chi-Squares for the Phrase-Structure and Categorial Grammars for Noun Phrases

Phrase-Structure Grammar Categorial Grammar
_ No. of Phrases Total Degrees. of Total Degrees of
Text Accounted For Chi-sguare Freedom Chi-square Freedom
Ginn Pre-Primer 72 .5 1 11.3 3
Scott-Foresman Pre-Primer 672 2.3 0 2.5 2
Pre-Primers Combined ' LT 1.3 1 9.1 3
Ginn Primer 1664 52,2 2 85.0 5
Scott-Foresman Primer | 1482 42.6 1 52.3 b
Primers Combined : 3146 95.3 2 125.1 5
Ginn Reader 3081 81.5 2 133.9 5
Scotb-Foresman Reader 2651 177.5 > 106.6 5
Readers Combined 5732 247.6 2 296.1 5
All Combined o 1032 316.8 2 399.3 5

T
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Fig. 7. Compariscn of observed and Iired_lcted Treguencies
: _ for phrase-gtructure and categorial grammars Tor
noun phrases (entire corpus).
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increasing chi-squares from the pre-primers to the primers and from the
primers to the readers is apparent. For both the total comparative chi-
square for the primers snd readers combined is greater thap the total
comparative chi-square for either of the individual volumes, and the
comparative chi-square for the entire corpus is the largest of all. It is
interesting that for beth grammars the pre-primers showed an exception

t0 the rule of chi-squares for combinations being greater than chi-square
for individual volumes. For the phrase-structure grammaf the comparative
chi-square for the Scott-Foresman pre-primer is larger than that for the
pre-primers combined; and for the categorial grammar the Ginn premprimer.

hag a larger comparative chi-square than the pre-primers combined.

The Categorial Grammar for Verb Phrases

The categorial grammar for verb phrases is summarized in Table 52.
The obligatory transformations are the same as those of the phrase-structure

grammar .

Insert Table 52 about here

Again only one rewrite rule (this time the second rewrite rule) is -
required for the grammar, so n¢ rule choice parameter is necessary.

Parameters Al’ A_, and A, have been used to designate the premise choices.

2 3

For the verb phrase grammar a geometric stopping parameter, Sl’ is

acceptable because the frequency of the observed phrases decreases as the

length increases; S. represents the probability of stopping and 82 = luSl

1
represents the probability of continuing. A geometric stopping parameter
implies an infinite number of theoretical verb phrase types, but the

probability of the longer types approaches Zers rapidly. The choice for

B is always "m", and the choice for & when the rule is applied more than

once is always "m" and always the first term so no parameters are reguired

for these choices. Thus, three free parameters, A, A, and Sl, are

s
iequired for this model; nine observed types and ai inginite number of
ﬁnobserved types which are combined into one cell are gererated, so when
no further collapsing is.necessary, six degrees of freedom are avallable.
The: derivations and theoretical probabilities for the verb-phrase

grammar are shown in Table 53.

Insert Table 5% about here
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TABLE 52
The Categorial Grammar for Verb Phrases
Rewrite rule: a - B,AQ

Premises: s, s/n, s/[n/n]
Primitive category: m

Categories: 8 {intransitive verb)
' s/n (transitive verbdy

s/[n/n] (copulative verb)
m s {(infinitive form of intransitive verb)
m\ [ s/n] {infinitive form of transitive verb)
m[s/[n/n]] {infinitive form of copulative verb)
m {modal) :
m\m (negation}

Obligatory transformations: m\ s m\ s+ing

1. If "m" is a form of "to be", {m\[s/nl g—» m\s[s/nl+ing
: m\ [s/[n/n]] m\[s/[n/nll+ing

2a. If "m\s" is & form of "to be" ‘or "to do” end "m" is a form of "to be"
or "to do", m,m\m,m\s. - s,m\m. o o

- 2b. If¥s" is "will", "can”, "may", "must”, "shall”, or "could", m,m\m,
m\s — s,m\m. '

3, If "m\[s/n]" is a form of "to be" and "m" is a form of "to be" or
"to do", mym\m,m\[s/n] - s/n,m\m.

4,  If "m\[s/[n/n]]" is a form of "to be" and "m" is a form of "to be" or
"to do", mym\m,m\[s/[n/nl] - s/[n/a],m\um.

Pgrameters: .A1~A5, premise choice parameters

Sl—S 0’ stopping parameter




MWHTV

M+=-+IV

M+TV

Mte+TV

M+CV

- Mt=+CV.
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TABIE 53

Derivations from the Categorial Grammar for Verb Phrases

Derivation

S— m,INS

B> m,m\s—a-m,rﬁm,m\s. :
s/n |

5/n- ni,m\[ s/n]

s/n- m,m\[ s/nl— m,mm,m\[s/n]

s/[n/n]
s/[n/n]—»maﬁ\[s/[n/n]]

“s/ln/nl=s m,m\[s/{n/n]1 sm,Mm,m [s/[n/n]]

Thecretical

-~ Probability .

e
ol

o
"
'_I
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The percent of verb phrases in each section of the corpus accounted
for by this model are the same as thogse for the phrasew$£ructure grammar
and are given in Table 18. The maximum-likelihood estimﬁteé and the chi-~

sguare analysis are given in Tables 54 and 55.

Insert Tables 54 and 55 about here

As was stated earlier, the categbrial grammar genefétes an infinite
number of unobserved Vefb Phrase types all of which have very small
probabilities; the total probabilities of unohserved typés in the pre-
primers combined, primers combined, readers combined, and all combined
are .OQM, .01l, 010, and .009 respectively. The chiwsquare contributions
from these types as well as contributions from any remaigihg uncollapsed
tTypes and round-off errors are shown in.the row labeled wResidu__al” in
Table 55. As in the noun-phrase grsmmar, these are substahtial but far
smaller than the largest contribution from an observéd ﬁypén

Table 55 shows that except for the Ginn pre-primer fwhere the fit
is consistently good) the largest contibutors te the total chi;squares
are the (M+IV) and (M+-+TV} types. This reflects the problem.faced by
the phrase=-structure grammar. The observed proportions of the use of
modals and of modals plus negatives differ for transitive'and intransitive
verbs, but the parameter assignménts do not reflect this diffeféﬁce,

A comparison of the phrase-structure and categorial grammérs for

verb phrases is presented in Table.567

Insert Table 56 about here

Again F-tests were used to compare corregponding total chi-square
values although the results are only approximations, and again 10
significant differences were apparent. The ftwo kinds of grammars seem
to provide equivalent fits to the observed data in each section of the
corpus and in the corpus as a whole. Figure 8, which corresponds to

Figure 7 for noun phrases, shows the simlilarity of the two fits.

Insert Figure 8 about here-




'TABLE”5A=

Max:.mum—llkellhood Estlmates for each Section of the Corpus
' for the Categorial Grammar for Verb Phrases

Ginn B=F 'i PrehPrimers Ginn S-F Primers Ginn S-F Readers 'All

Parsmeter DPre-Primer Pre-Primer _Combined ~— Primer Primer Combined Resder Reader Combined Combined
A -5671 -5662 5667 0 k968 - AS60 k780 L5383 k820 .51k 5114
A, ;42é8 L4277 | A42hg ;4508 .5102 - 4780 | L4289 4Bhe .4555 .ﬁ567
A5 00101‘ 0061 0084 .0525  .0%3%8 = .0439 L0328 .0338 .0553. .0319
=N .8940 LTT78L :n8411 . 7868 .757f LTT3L ,7676 '.8092 _ ;7869 : ;7925
S 1060 2216 - .1589 - .21%2 2423 ,2269 | 2324 ~.1908. 2131 ;2077 '

04T



TABLE 55

Observed and Expected Freguencies, Chi-Square Contributions,
and Total Chi-Squares for each Section of the Corpus for the
Categorial Grammar for Verb Phrases

GINN PRE=-PRIMER

OBSERV., EXPECT, CHI*x2 SOURCE

462

34
H
336

38

4
7
0
2
6

894

453,3
48,0
5.1

337.9 -

35.8
3.8
8.0

)

ol

5.8
894,0

.2
4,1
6.9

.0

.ll

N

.O
11,4

IV
M-IV
M=+ TV
TV
TV .
W -+TV
cv
M-CV
M- =+CV

RESIDUAL
TOTAL
DEGREES OF FREEDOM

SCOTT-FORESMAN PRE-PRIMER

OBSERV. EXPECT. CHI#*2 SOURCE

325
30
17

187
68
26

|

4.3
18.
.
7,
1,

2

4.5
61,8

“wVaWwN

Iv
M-IV
M-+1V
TV
MTV .
M-+TV
cv
M-CV
M =+CV

RESIDUAL
TOTAL
DEGREES OF FREEDOM




TABIE, 55 (continued)

OBSERV.

787
64
28

523

106
30

OBSERV.

579
15
37

455

131
4t
64

..

€

6
1391

EXPECT,

739.3
117.5
18,7
554.3
gg.1
14,0
10.9
1.7
3

8.2
1551,0

- GINN PRIMER

EXPECT,

535.7
115,9
24,7
493,3
105.2
22,4
57.4
12.2
2.6

16,1

152

PRE-PRIMERS COMBINED

CHI*x%2 SOURCE

® * 0 8 9

e NN -
0 W oh G~ e

-

1.3
57.9

CHI% %2
2.3

IV
M-IV
M-=+1V

TV

TV
M-+TV
cv
w-CcV

M =+CV

RESIDUAL
TOTAL

DEGREES OF FREEDOM

SOURCE

v

M-IV
M--+1IV
v .
TV

 M-+TV

cv
M-CV _
M =+CV

RESIDUAL

TOTAL

DEGREES OF FREEDOM



TABLE 55 (continued)

153

© §COTT-FORESMAN PRIMER

OBSERV.,

459

" 53
27
428
97
78
30

2

g

8
11ge

0BSERV.

1038
128
64
883
228
119
%4

5

14

14
2573

EXPECT., CHI**2 SOURCE

408, 4
99,0
24,0
456,9
110.7
26.8
30,3
T3

.[‘8

18.6
1182,0

6.3
21,3
o4

1.8
1.7
37.6
.0
3.9

6.0
139, 1
5

Iv:
IV
H-=+IV
TV

M-TV

M =+TV
cv :
M-CV

- =+CV

RESIDUAL
TOTAL
DEGREES OF FREEDOM

PRIMERS COMBINED

- EXPECT,

951.0 .
21507'
48,9

51,0
215,7
B7.4
19.8
845

34.5

2573,.0-

CHI%%2 SOURCE-

830
35.7
4,6
4,9

100.3
°5

.1

12,2

17709

5

7

v
M-IV

M -+IV
TV

WmTV
- ME=+TV

cv

eV

H--+CV

RESIDUAL

TOTAL

DEGREES OF FREEDOM




TABLE 55 (continued)

OBSERV,

901
121
61
585
199
79
60
3
3

3
2012

OBSERV.

755
85
A3

718

10s
62
A2
12

8

g
1832

15k

GINN READER

EXPECT,

831,.4
193,2
44,9
662.5
153.9
35.8
50,7
11.8
2.7

28.0
2012.0

5.8
27.0
5.8
9.1
13.2
52,3
1.7
8.5

22,3
143,.6
5

CHI**2 SOURCE

1v
M1V
M+etIV
TV
METV
M=t TV
cv |
M-CV

M+ =+CV

RESIDUAL
TOTAL

DEGREES OF FREEDOM

SCOTT-FORESMAN READER

EXPECT.

714,5
136,3
26,0
1177
137.0
26,1
50.2
9.6
1.8

14,5
1852,0

CHI**2 SOURCE

2.3
19,3
11,1

5.7

49,2

1.3

«6

2.9
92,5
5

0

v
M-IV
Mt =+1V
TV
METV

Mt =+TV
cv
M+CV
M+=+CV

RESIDUAL
TOTAL

DEGREES OF FREEDOM
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TABLE 55 (continued)

03 SERV,

1656
206
104
1301
308
141
102
i5
11

1t
3844

OBSERV,

3481~
- 398
196
2707
642
290
204
23
27

0
7968

READERS COMBINED

EXPECT, CHIx*2 SOURCE
1547,0 7.7 1V
329,7 46,4 M1V

70.3 16,2 M=+IV
1377o| 4-2 TV )
293,5 T MTV

62,5 98,5 M--+TV
100,7 .0 CV

21,5 1.9 M+CV

4.6 M4+ =+CV

41,8 22,7 RESIDUAL

3844,0 198.3 TOTAL
5

DEGREES OF FREEDOM

ALL COMBINED

EXPECT, CHI**2 SOURCE
3228.6 19,7 IV |
670.6 110.8 M-IV
13903 2301 M‘F“+IU
2883.1  10.8 TV
598.9 3.1 MV
124.4 220.5 Me-tTY
201.2 0 CV
41.8 ;8.5 I'H'CV
 R.7 38.6 ME-+CV
 Tt.4 71,4 RESIDUAL
7968.0 - 506.5 TOTAL

'6 . DECREES OF FREEDOM




. TABLE 56
: Comparison of Total Chi~-squares for the Phrase-Structure and Categorial Grammars for Verb Phrases

Phrase-Structure Grammar Categorial Grammar

: No. of Phrases Total Degrees of Total Degrees of

Text Accounted For Chi- square Freedom = Chi-gquare Freedom
Ginn Pre-Primer 894 - 2 11.4 3
| Scott-foresman_Pre-Primer 657 N1 1 61.8 ;
Pre-Primers Combined 1551 33.5 2 | 57-9 L
Ginn Primer ._ 1391 3.9 3 61.6 5
Scott-Foresman Primer - 1182 36.9 3 139.1 5
Primers Combined | | 2573 69.1 b 177.9 5
Ginn Reader s 72.9 3 143.6 5
,'Scott-Foreéman Reader ' 1832 - 12,9 3 - 92.5 5
Readers Combined 3844 57.3 L 198.3 5
"All Combined . 7968 | 159.1 4 506.5 &

94T
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The two categorial grammars which have been presented in this
chapter provide approximately the same degree of fit to the data as the
corresponding phrase-structure grammars given in Chapter III. If categorial
gremmars can, as indicated by this work, be as representative of the .
corpus as phrase~structure grammars, future work might profit from the
- construction of mainly categorial grammars. The advantages of easier

adaptability may outweigh the disadvantages of unfamiliér terminology.



CHAPTER V. .
SUMMARY AND CONCLUSIONS

This study has provided a syntactical analysis of two widely used
first grade readers--the Scott-Foresman series and the Ginn series. = The
-analysis was.presented in terms of six phrasge-structure grammars, each of

cwhich provides.a probabilistic description of the phrases it represents.

.. The six grammars--a noun-phrase grammar, a verb-phrase grammar, a

;m5verbal—modifier grammar, & grammar for -statements without verbs, an

- Interrogative grammar, and a grammar for statements with verbs~-were’

' necessary becausge of the extremely large number of utterance types contained
in the corpus. A single grammar containing .all syntactic details would
have had to account for many type frequencies which were too small for
statistical analysis. . For purpbses of comparison categorial grammars were
- written for the noun phrases and the verb phrases.

The study has demonstrated a guantitative method for evaluating

linguistic grammars. The method provides a theoretical framework to-account

for the utterances of the corpus and thelr freguencies of occurrernce, and

- .provides a gquantitative measure for judging the fit of 'a grammar to a ..

. corpus and for comparing the fit of two different grammars to the. same
corpus. Parameters attached to the choiée'points of a:grammar can be
used to form the theoretical probability of each syntactical type. derivable
from the grammar. The parameters are estimated by methods of maximums~

. likelihood, and the estimated probabilities provide theoretical frequenciles
for each syntactical type.  Chi-square tests:are then used to deftermine the.

: goodnésg—of?fit of the grammar to the corpus.

159
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Both the Scott-Foresman and the Ginn first-grade reading series
are divided into & pre~primer, a primer, and a first reader. All of the
grammars accounted for a high percent of their respective phrases or
utterances in each section of the corpus. The grammar for noun phreses,
for example, accounted for 98.6 percent of the pre-primers, 98.2 percent
of the primers, 98.0 percent of the readers, and 98.2 percent of the
entire corpus; the respective percents of the grammar for statements with
verbs were 91.2, 87.5, 81.8, and 85.5. Very few types not found in the
corpus were genersted by the phrase~structure grammars, and these had low
probabilities; unobserved types were generated by the categorial grammars,
and these toc had very low probabilities.

Whenever the observed frequencies were sufficiently large, the
analysis was performed on each section of each series and on the
B corresponding combined sections, as well as on the corpus as a2 whole. In
each case the same grammar was used, but the parasmeters were reestimsted,
new theoretical type frequencies were obtained, and corresponding chi-square
values were computed. For the nouh-phrasé grammars (both phrase-structure
and categorial) the chi-square values increased from the pre-primers to the
sprimers and from the primers to the readers indlcating that these grammars
provide the best fites at the lower reading leveles. A second trend for
the noun-phrase grammars was larger chi-square values for the combined
. sections (e.g., for the Scott-Foresman and Ginn .primere combined) .
than for either individual section. This reflects a difference in
proportional noun-phrase frequencies in the two series. Nelther of these
trends was present in the verb-phrase grammars or in-the grammar for
statements with verbs; in these grammars there were no significant
dgifferences among sections of the corpus with the exception of an extremely
poor fit of the. statement grammar to the pre-primers combined. Individuel
section analyses were not possible for the other three grammars.

In general the grammars provided a good fit to the corpus. Large
total chi-squares were generally composed of a few large contributions and

-many small contributions implying that overall the probabillistic framework

"o was quite representative. However, ia constructing the grammars a large

number of parameters was used; the nmumber of degrees of freedom was small

relative to the size of the chi-gquares, snd some sort of fit would be
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expgcted, It is hoped that in further investigations grammars which
require a smaller number of parameters will be written.

- The best fit for the phrase-structure grammars was provided by the
verbal-modifier grammar, and the fit of the grammar for statements withoutb
verbs was almost equivalent. The fit of the interrogative grammar and
that of the verb-phrase grammar to their respective parts of the corpus
were roughly equivalent and better than the fit of the noun-prhrase gramar.
- The verb-phrase grammer provided a better fit than the noun-phrase
grammar for all sections of the corpus, but the difference was significant.
only in the case of the Scott~Foresman reader and the readers combined.
For the grammar for statements with verbs, the fits to the primers

individually and combined and to the Ginn reader were not significantly
different than those of the noun-phrase grammar for corregsponding

sections. . The fit to the pre-primers combined was significantly worse;

and the fits to the Bcott-Foresman reader, the readers combined, and the
corpus as a whole were significantly betier than those given by the
noun-phrase grammars; the latter were equivalent to those of the verb-phrase
gramuars.

The categorial grammars were approximately equivalent to the phrase=
structure grammars in their ability to represent the corpus. For future
work categoriél grammars might be a better basis for analysis than phrase-
structure grammars even though they involve legs familiar terminology.

Any work which involves the comparison of one corpus to another--child
speech to child readers; for example--requires a grammar which is easily
adaptable. To adapt a categorial grammar to & new corpus, a few new
categories may be necessary, but no new rewrite rules are needed; while

. new. parsmeters for calegory choices might be needed, the assignment of the
bagic rule choice and stopping parameters would be unchanged. In contrast,
to adapt a phrase-structure grammar to a new corpus many of the rewrite
rules themselves would have to be changed; this would involve a
reassignment of parameters which, in turn, would make final comparisons

more difficult.
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This dissertation has made a contribution to the problem of finding
an appropriate match of reading materials to the reader. Previous work
- Boymuth (1964); Ruddell {196%, 1965); Strickland (1963) has indicated a
‘definite relationship between the ease of reading and comprehension to
the similarity of written material and therspoken language of the
reader., This study has demonstrated a method for a concise representation
of syntactic patterns and their frequencies in a corpus and has suggested
g quantitative analysis to indicate exactly how accurate the representation
is. Tt has provided such a representation for two widely used first-grade
readers, the Scott-Foresman series and the Gimnn series. It is hoped that
further investigation with special emphasis on reducing the number of =
parameters and including the most infrequent patterns Will'imprové the
" analysis; this work should involve experimentation with other kinds of
generative grammars as well as revisions of the grammars which have been
used here. A later step is to similarly analyze the speech of first

graders using these texts--gome who are heving reading difficulty and

" ‘some who are not--to see what comparisons and what differences exist. -

The findings may indicate some changes in the readling material, particularly
Tor those who are having_trouble, whiéh would increase the similarity

of the sentence structure of the material to that of the children*s speech.
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