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ABSTRACT
The investigation was concerned with the class of

grapheme-phoneme correspondence called spelling patterns and was
intended to broaden empirical understanding of grapheme-phoneme
correspondences used in teaching initial reading. Twenty-five boys
and 47 girls from three moderate-ability fir'.t grade classes were
chosen as subjects. These students had accuaulated six minutes of
session time on the computer assisted reading program (CAI) phonic
strand before beginning the experiment. One set of 24 spelling
patterns was devised for each of the five vowels: A, E, I, 0, and U.
When each subject began the experiment, he was randomly assigned to
one of the five sets of spelling patterns and then 12 of the 24
spelling patterns in the chosen set were selected for training. At
the end of his eight-day training period, each subject was
individually tested, off-line, on all 144 initial consonant and final
consonant combinations derived from the full set of 24 spelling
patterns to which he was assigned. The data reflected the value of
presenting spelling patterns in initial reading. Teaching spelling
patterns to the subjects resulted in positive transfer to a criterion
task that required subjects to read words and non-words composed of
the spelling patterns taught. (WR)
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TRANSFER FROM ALTERNATIVE PRESENTATIONS OF SPELLING

PATTERNS IN INITIAL READING

J. D. Fletcher

This investigation was intended to broaden our empirical under-

standing of grapheme-phoneme correspondences used in teaching initial

reading. As the title indicates, the investigation was concerned with

a pa'rticular class of grapheme-phoneme correspondences called spelling

patterns. Whereas grapheme-phoneme correspondences may refer to invari-

ant associations of single graphemes with single phonemes, a spelling

pattern is usually defined as a group of graphemes that in a specificable

environment bears an invariant correspondence to its pronunciation

(Gibson, 1965). Current notions of transformational-generative phonology

(Chomsky and Halle, 1968) question the linguistic utility of this defi-

nition, but it suffices as a working definition for this investigation.

GRAPHEME-PHONEME CORRESPONDENCES IN INITIAL READING

In 1933, Leonard Bloomfield suggested that

Two devices obviously demand to be tried< One is to teach
children to read phonetic transcription, and to turn to
traditional writing only after the essential reading habit
has been set up. The other is to begin with graphs that
contain only one phonemic value for each letter...and either
postpone other graphs until the elementary habit has been
fixed, or else to introduce them, in some rationally planned
way, at. earlier points (p, 501).

These ideas were not original in Bloomfield's time and they are not

revolutionary in ours, The Initial Teaching Alphabet currently being

implemented is antedated. by a teaching alphabet developed by John Hart

in 1570, and Richard Mulcaster's Elementarie was published in 1582 to



argue for the regulariza,ion of English orthography that rrading might

be facilitated. The value of Bloomfield's two suggestions is not null-

ified by their lack of novolty; instead, their persistcmce may indicate

their worth. Bloomfield's contribution was to advance these ideas when

they were unpopular. His own reading sericJI which was based on his

second suggestion, was not funded for publication until 1958, 21 years

after it was developed and nine years after his death.

Blcomfield's second suggestion recommends the use of grapher-pn,,neme

correspondences in teaching initial reading. In practice, the 'graph' cr

grapheme can be a single letter, a syllable, or a word. In the Bloom-

field and Barnhart (1961), Lippincott (1963), Merrill (1966), and

Behavioral Research Laboratories, or Sullivan, (1967) readers, the

initial grapheme-phoneme correspondences are VC syllables presented in

words that are generally of a CVC configuration. VC words are also

allowed early in these readers and Lippincott permits double consonant

clusters (CCVC CVCC, and CCVCC) as well as CV words. Evidently, devel-

opment of these readers assumed that the basic grapheme unit used in

initial reading should be larger than a single letter and smaller than

a whole word.

Letter Name and Letter Sound Training

Knowledge of letter names does not seem to have a positive effect

on reading acquisition. The Bond and Dykstra (1967) survey of first-

grade reading instruction found that letter name knowledge was the single

best 'predictor' of first grade reading success. Other studies by Wilson

and Flemming (1937), Durrell (1958), and De Hirsch, Jansky, and Langford

(1966) corroborate this conclusion with equally high correlations between
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letter name knowledge and first grade success. However, studies by

Ohnmacht (1969), Jenkins, 2ausell, and Jenkins (1972), and Samuels (1972)

imply that these conclusions are based on a correlational artifact rather

than a causal relationship.

Ohnmacht (1969) used three groups of first-grade students 'to inves-
t

tigate the effects of three training procedures on word discrimination

and word knowledge. One group was trained on letter names, the second

group was trained on letter names and letter sounds, and the third group

served as a control. The group trained on letter names and sounds was

superior to the other two groups in both word knowledge and word dis-

crimination. There was no difference between the group trained in letter

names and the control group.

Jenkins, Bausell, and Jenkins (1972) reported four experiments that

compared the transfer value of letter name training with letter sound

training. In three of these experiments, first - grade subjects received

training with a set of four letter-like graphemes that bore a one-to-one

grapheme-phoneme correspondence to VC words presented in a transfer task.

The fourth experiment was similar to thei(first three except that English

letters were presented instead of the letter-like graphanes. Number of

trials to criterion in learning the VC words was used as the measure of

transfer in all four experiments. The general conclusion of Jenkins et

al. was that training with letters is effective only if it is carried

out as phoneme training.

Samuels (1972) used three groups of first-grade students to inves-

tigate the assumption that letter name knowledge faCilitates initial

reading. One group was trained to visually discriminate among four
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artificial letters that resembled English letters as little as possible,

the second group was also trained to discriminate among the four letters

but was additionally required to learn names for the letters, the third

group acted as a control and received irrelevant training. Samuels

found no significant pairwise differences among the three groups in two,

separate applications of the experiment. He further examined the power

of the statistical tests used and concluded that a Type II (beta) error

was highly unlikely.

Letter Sound and Whole Word Training

On the other hand, knowledge of letter sounds does seem to have a

positive effect on word recognition in initial reading. Studies by

Bishop (1964) and Jeffrey and Samuels (1967) as well as Challis (1967)

survey indicated positive transfer for letter sound training on word

recognition.

Bishop (3.964) simulated initial reading by teaching two groups of

college freshmen and sophomores to read Arabic words and then tested the

subjects' ability to learn a new list of transfer words. In learning

the first list, one group received single-letter training in which

letters were presented with their phonemic values, the second group re-

ceived whole-word training, and the third group acted as a control. The

single-letter group took significantly fewer trials to reach criterion

on the transfer list than did the whole-word group, and the whole-word

group did not differ significantly from the control group in trials to

criterion on the transfer task. The single-letter a..d whole-word groups

did not differ significantly in number of first-trial correct answers

on the transfer list. Bishop speculated that this latter result may
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have been due to task unfamiliarit:,- in that the Lingle-letter .ject

saw whole Arabic words for the first time in the transfer task.

Jeffrey and Samuels (19E7) taught three groups of kindergarten

children tc read a set eT monosyllabic word: .represented by graphemes

that rescnbled English letters as little as possible. They then studied

their subjects' ability to learn a new list of tran3fer words Their

procedure was essentially similar to Eshop's in that one group received

single-letter training on the phonemic value of the graphemes, one group

received whole-word training, and one group acted as a control. Their

results corroborated Bishop's in that the letter-trained group took

significantly fewer trials to reach criterion on the transfer task than

did the whole-word group ai.:3 that the whole-word group did net differ

significantly from ths: control group in trials tc criterion. Further,

the Jeffrey and Samuels results amplified Etshop's in that the single-

letter group achieved significantly more first-trial correct answers on

the transfer task than did the whole-word group. Jeffrey and Samuels

emphasized that letter training alone might not have produced superior

transfer had it not included phonic blend training and that the graphemes

used bore a one-to-one correspondence with phonemes, which is not con-

sistently true of English orthography.

Chall's (1967) survey of methods used to teach reading included

data from 17 correlational studies that examined the relationship between

letter and/or phonics knowledge and reading achievement. Ten of these

studies were concerned with students in the kindergarten through third-

grade range. Chall concluded that
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A code emphasis--one that combines control of words on spelling
regularity, some direct teaching of letter-sound correspondences,
as well as the use of writing, tracing, or typing--produces better
results with unselected groups of beginners than a meaning emphasis,
the kind incorporated in most of the conventf.onal basal-reading
series used in schools in the late 1950's and early 1960's [p.178-

179]

Training Time and Transfer

Samuels reported that

Teachers who begin the teaching of reading by having the learner
recognise a basic group of words as sight words have noted that
at first the learning is rapid, but .soon the rate of learning new
words slows down drastically [1970, p. 29].

used on this observation it seems reasonable to expect the superior

transfer value of letter-sound training over whole-word training to be

compromised by greater number of trials to criterion in letter-sound

training. However, this was not the case in the experiments by Bishop

(1964) and b, Jeffrey and Samuels (1967). Bishop allotted the same

amount of training to each of her three training groups, and Jeffrey and

Samuels reported that their single-letter group took fewer trials to

criterion than their whole-word group, although this difference was not

significant.

On the other hand, Jenkins, Eausell and Jenkins (1972) reported

that training in letter-sounds took almost twice as long as training in

letter-names for the set of graphemes and grapheme-phoneme correspondences

taught in their experiments. Evidence 1s still needed to demonstrates

superior transfer value for letter-sound training over letter-name

training when training time is held constant. From Samdelts (1972)

finding of no difference in transfer for letterdiscrimination, letter-

name, and control training, it seems reasonable to expect some success
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in any attempt to ,:cmcn:;trae ;,up-ric,r -71o):!rrr fcr

training cver lettc2r-name 1,dp f training

constant.

Spelling Patter

In the c:A.tr reading :er1,- mennc!' in..ario grapheme-

phoneme cer.espondence :;e1 on '.he e.%,::clation of ;:ingle grapher

with single phonemes are nr -. uze'i. vowel-c,:n.,c1.ant ('V7

bination appear tc be thr2 1-asic fLr theze

units seems reaochable If!cause u:fficulty (: pronounciT

separate from vowels. In practic.J. this difficul...y

associating corzonants with some r..-zuTral' vowel :uch as /0 .

it should be noted that as users- a; an association :etween grapheme

B and the phoneme /ba/ may be in pronouncing 1,11T, may be useless or

even confusing in pronolcing BIT.

In Linguistics and Feadirdil Fries emphasized that the approacn to

initial reading recommended by Bloomfield and himself rests

upon the relation bJtween the sound patterns of the words and
the letter symbols of an alphabet but this relat!on is not sucn
as to lead us to seek to match specific letters wLth eacn of the
physical 'sounds' L' our language. Nor does it aisume that the
pronunciation of a word is a fusion or blendinE of the sounds
represented by the individual letters by which the word is
spelled [1963, p. 146].

Fries' position is that

Modern English spelling is fundamentally a system of a comparatively
few arbitrary contrastive sets of spelling-patterns, to which readers,
to be efficient, must, through much practice, develop high-speed
recognition responses [p. 146].

Coming from psychology rather than linguistics, Eleanor Gibson

stated, on the basis of extensive empirical evidence, that
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It is my belief that the smallest component units in written
English are spelling patterns. By a spelling pattern, I mean
a cluster of graphemes in a given environment which has an
invariant pronunciation according to the rules of English.
These rules are the regularities which appear when, for in-
stance) any vowel or consonant or cluster is shown to corres-
pond with a given pronunciation in an initial, medial, or
final position in the spelling of a word. This kind of
regularity is not merely "frequency" (bigram frequency, tri-
gram frequency, and so on), for it implies that frequency
counts are relevant for establishing rules only if the right
units and the right relationships are counted. The relevant
graphic unit is a functional unit of one or more letters, in
a given position within the word, which is in correspondence
with a specified pronunciation [1970, p. 329).

The utility of spelling patterns in word recognition was reported

by Gibson, Pick, Osser, and Hammond (1962) who discussed two investiga-

tions of the role of spelling patterns in word perception. In both

experiments, performance on pseudo-words conforming to English rules of

spelling to sound correspondence was compared with performance on pseudo-

words that were matched for summed letter frequency but that did not

conform to English rules of spelling to sound correspondence. The

Pseudo-words were presented by tachistoscope to college students. In

the first experiment, subjects were required to write down words as they

appeared on a screen. The results indicated significantly superior per-

formance by the subjects on the pseudo-words that conformed to English

spelling rules. The authors concluded from the first experiment that

The proper unit for analyzing the process of reading (and writing)
is not the alphabetical letter but the spelling pattern which has
an invariant relationship with a phonemic pattern [p. 564].

The second experiment required subjects to identify a tachistoscopically

presented target from among a field of four words. Results and conclu-

sions from the second experiment corroborated those of the first, and

enabled Gibson et al. to conclude that their results were not simply due
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to a bias to emit pronounceable responses but that the perception of the

target was genuinely affected by its conformity to the spelling rules of

English.

In initial reading, the use of spelling patterns encounters several

practical difficulties, one of which is the strained vocabulary that re-

sults in choosing words to illustrate the regular spelling patterns being

presented, and another of which is the pronunciation of an orthographically

regular utterance in ordinary discourse. Both of these difficulties are

illustrated by Bloomfield's prototypal "NAN CAN FAN DAN." The sentence

appears strained because Nan is not a particularly familiar name and

because who can fan whom is not a concern of moment to initial readers.

Further, the sentence may contain grapheme-phoneme irregularities in

ordinary discourse. For instance, CAN in this sentence would be ordinarily

pronounced /ken/ or /kIn/ in American dialects.

More serious, however, are the irregularities that occur even when

spelling patterns are considered separate from ordinary speech. A student

who has learned to associate it/ with -UT will presumably be more likely

to recognize CUT, HUT, JUT, etc. However, he may experience difficulty

with PUT. As long as phonemic correspondences to graphemes are used,

large numbers of exceptions will be encountered.

On the other hand, English orthography may be more closely rule-

governed than the number of exceptions to regular grapheme-phoneme corres-

pondences indicate. This possibility is indicated in extensive empirical

studies of English orthography by Hanna, Hanna, Hodges, and Rudorf (1966),

Venezky (1967), (1970), and Berdiansky Cronnell, and Koehler (1969) and

in the generative English phonology of Chomsky and Halle (1968) who in-

troduce the concept of lexical representation.
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Lexical Representation

Grapheme-phoneme correspondences may be only peripheral to the more

basic and direct relation of letters to segments in lexical representation.

The utility of emphasizing spelling-sound correspondences in teaching

initial reading seems well-founded by Bloomfield and Fries and by the

empirical investigations of Gibson, Samuels) and Williams among many

others. It may be, however, that those who seek grapheme-phoneme cor-

respondences are off the mark. Williams makes this point directly in

discussing the work of Venezky and Weir (1966) "who demonstrated that

there is considerable regularity between English orthography and oral

language if one looks beyond the direct grapheme-phoneme relationship

[1971, p. 7-155]." Also Gillooly again discussing Venezky's (1967)

work, states that

scholars have begun to seek an underlying regularity in tradi-
tional English orthography beyond the level of grapheme-phoneme
correspondences, a regularity that is mediated or indirect.
And, their search has been rewarding. As a result of such.
activity, it can be stated that because our English writing
system is deficient as a phonetic (or phonemic) transcription
of the spoken language, it does not follow that it is a poor,
or an irregular one [1971, p. 7-26].

In their discussion of English sound structure Chomsky and Halle

state that

The surface structure that enters the phonological component is
determined by three factors: syntactic rules, lexical represen-
tations, and readjustment rules. The syntactic rules generate
a syntactic surface structure of strings of grammatical and
lexical formatives, the latter appearing in what we have called
"lexical representation." The readjustment rules, which provide
a link between syntax and phonology, may slightly modify the
syntactically generated surface structure, and they will, further-
more convert the string of formatives into what we have called
"phonological representation," introducing various modification's
into the lexical representations and eliminating grammatical
formatives in favor of phonological matrices [1968, p. 163].
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Lexical representations are therefore distinct from phonological repre-

sentations even though the two representations are related to one another

by rules. The term 'lexical representation' refers to formatives which

are provided directly by the lexicon, i.e.; the lexical formatives as

well as certain grammatical formatives which happen to appear in lexical

entries [Chomsky & Halle, 1968, p. 9]."

Chomsky amplified his discussion of lexical representation for the

Project Literary papers edited by Levin and Williams (1970). In dis-

cussing Chomsky's paper, Francis listed three distinct parts to Chomsky's

claim:

(1) that the prephonetic level of surface structure, the level of
lexical representation, is linguistically meaningful; (2) that
this level and the lexical representations that it includes are
psychologically real, though below the level of conscious knowl-
edge; and (3) that tile standard orthography is, with minor
exceptions, isomorphic with that level [1970, p, 48].

As Francis indicated, Chomsky's claims that the psychological

reality of lexical representation, in this sense; is hardly open to

question [1970, p. 7]" and that conventional orthography in English and

in other languages is a near optimal transcription for spoken language

(1970, p. 1) are obvious overstatements; but these exaggerations should

not weaken the basic argument.

The arguments for lexical representation do not necessarily impugn

the utility of spelling patterns as basic units for transfer in initial

reading. Phonemic representations may be irrelevant to linguistic theory

as Chomsky and Halle (1968) suggest, but the relation of English orthog-

raphy to lexical representation is neither well established nor well

defined. We can no longer speak confidently of grapheme-phoneme corres-

pondences with respect to linguistic theory, but for teaching initial
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reading these correspondences remain the best defined and best understood

fundamental units of transfer.

In cuing on grapheme-phoneme correspondences in teaching initial

reading, we can expect irregularities and exceptions to occur. Further,

if we assume that students have internalized English sound system rules

relating lexical to phonological representations, an emphasis on grapheme-

phoneme correspondences may only hint at the rules relating orthography

to more abstract levels of language that students must discover in order

to read. Spelling patterns must be understood not simply as indicators

of an independent system of grapheme-phoneme correspondences, but as

indicators of the more fundamental rules that are used to relate orthog-

raphy to meaning in the reading process.

SPELLING PATTERNS AND TRANSFER

Transfer is a natural aim for instruction, which could achieve

little if it were limited to material that could be taught only directiy.

More is to be gained if a few things can be taught from which many things

can be learned, and transfer is the obvious motivation for emphasizing

spelling patterns in initial reading. It seems reasonable to conclude

that positive transfer has occurred as a function of having taught

spelling patterns if subjects are better able to read unfamiliar items

that include the patterns taught. This procedure was used to obtain

measurable evidence that positive transfer occurred in the present study

as well as in the investigations by Bishop (1964), Jeffrey and Samuels

(1967), and Jenkins, Bausell, and Jenkins (1972).

Four experimental training treatments were used in this investiga-

tion. These treatments differed from one another in the way they
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presented spelling patterns to students using the Stanford computer-

assisted instruction (CAI) program in initial reading. These training

treatments could have been presented in classrooms by trained experi-

menters, but the precise and unobtrusive control over treatment conditions

possible under CAI made the computer-assisted reading program the most

attractive medium for presenting them. This investigation, then, owes

much in terms of experimental control to the Stanford CAL program. How-

ever, the results and conclusions of this investigation are independent

of CAI; they should be applicable to any program in initial reading.

The Stanford CAI Pro ram in Initial ReadinE

The advent of sophisticated computational techniques such as time-

sharing and digitized, multiplexed audio permitted development of CAI in

initial reading. The Institute for Mathematical Studies in the Social

Sciences (IMSSS) has supported CAI in initial reading since 1964. Early

efforts by IMSSS were successful and have been documented by Atkinson

and Hansen (1966), Atkinson (1968), and Wilson and Atkinson (1968).

The version of the CAI program used in this investigation was de-

scribed by Atkinson and Fletcher (1972) Student terminals were 'KSR

Model 33' teletypewriters equipped with earphones over which digitized,

randomly accessed audio information was played. An assessment of this

version was reported by Fletcher and Atkinson (1972), and the current

version of the program was described by Atkinson, Fletcher, Campbell,

Lindsay, and Barr (1973).

Decoding by means of spelling patterns receives a major emphasis in

the Stanford CAI program- in initial reading; -However; decoding. is not

the sole concern of the program. The version used for this investigation
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divided instruction into seven content areas or strands. Strand 0, the

readiness strand, provided practice with the manual skills required for

interaction with the CAI program, Strand 12 the letter strand, provided

practice in copying, recognition, and recall of the letters of the alpha-

bet. The initial pass through the alphabet presented letters singly and

in maximally contrasting groups, for example (PTO); later passes through

the alphabet presented letters in minimally contrasting groups, for

example (NNW). Strand II, the word strand, provided for the development

of a sight word vocabulary. Seven K through. 3 reading vocabulary lists

were analyzed in developing this strand. Of the words used in Strands

II through IV, those that did'not include regular grapheme-phoneme cor-

respondences were presented only in this strand. Strand III, the spelling

strand, provided for recognition and recall of monosyllabic words arranged

in groups that emphasized a single spelling pattern (RAN, FAN, MAN or

FAT, FAN, FAD). Strand IV, the phonics strand, provided direct practice

in copying and recognition of the spelling patterns themselves as well

as 'construction' of monosyllabic words from given consonant clusters and

spelling patterns. Strand V, the comprehension categories strand, pro-

vided practice with the meaning of words by emphasizing their semantic

categoll.es. Exercises in this strand asked the student to select the

word of those displayed that was an animal or that was a color, etc.

Strand VII, the comprehension sentence strand, provided practice in read-
1

ing sentences by requiring the student to select a word to fill an empty

"slot" in the sentence. On any given day, a student's lessons could

. -
drawninclude exercises drawn fro-Jai one to.five 'different strands.



The Stanford CAI curriculum is unique among spelling pattern cur-

riculums in two respects. First, other curriculums present spelling

patterns implicitly; spelling patterns that are not themselves words

(-AB) are presented only as components of words (CAB, TAB, SLAB); they

are never presented explicitly by themselves. The Stanford CAI program

presents spelling patterns both implicitly in the spelling strand and

explicitly in the phonics strand. Second, the spelling patterns chosen

)r other curriculums are usually final consonant (FC) or final unit,

patterns; they are syllable endings (-AB,-AN -AT) rather than syllable

beginnings (BA- NA- TA-). The Stanford CAI curriculum presents both FC

and initial consonant (IC), or initial unit, spelling patterns.

The three phonics strand'exercises presented the four training

treatments considered by this investigation. These three exercises were

the following:

Exercise 1 (copying)--the program printed a spelling pattern (-AN),

the audio played a response request ("type an as in can") and the student

was expected to type the displayed pattern (AN or -AN);

Exercise 2 (recognition)--the program printed the target spelling

pattern and two distractors in random order (-AB -AN -AT), the audio

played a response request ("type an as in began"), and the student was

expected to select and type the target spelling pattern (AN or -AN);

Exercise 3 (build-a-word)--the program printed the targetispelling

pattern and two distractors in rand,m order (-AN -AB -AT), additionally

it printed a consonant or consonant cluster (ST--), the audio played the

response request ("type Stan"), and the student-waS expected to type the

requested word (STAN).
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The exemplars in exercises 1 and 2 were chosen at random from a set

of one polysyllabic and two monosyllabic words for each spelling pattern

that illustrated use of the pattern (BEGAN CAN STAN). In exercise 3 the

target word was chosen from the two monosyllabic exemplars (CAN STAN).

The specific goal of the phonics strand was to enable students to pro-

nounce (to read) any regular grapheme comprised of spelling patterns

taught in the curriculum. This objective seems implicit in any initial

reading curriculum that emphasizes spelling patterns.

Overview of the Present Investigation

The absence of IC units in spelling pattern curriculums indicates

a consensus against their value as basic units transfer in initial

reading. Superficially, this consensus appears unfounded. There is no

obvious reason why training that associates MA with /mae/ should be any

more or less useful to a student who must recognize, or read, MAT than

training that associates AT with /ae-t/ However, we need to consider

what rules might relate the orthography of MAT, MATE, MAR, MARE to their

phonetic representations. Knowing the final units in these cases pro-

vides more relevant information than knowing the initial units. A

student who is trained with final units may have an advantage over a

student who is trained with initial units, because final unit training

provides more of the information needed to pronounce the target grapheme.

On the other hand, in pronouncing, or reading, the target grapheme, the

student must reproduce the phonetic representation of the target from

left to right, and training with initial units should be more useful in

a pronunciation task.
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In any case, an empirical investigation of the relative utility of

IC and FC unit training is of interest from both practical and theoret-

ical standpoints. Data-based decisions need to be made about IC units

in spelling pattern curriculums, and results that indicate a superior

transfer value for either IC or FC unit training will have implications

for the 'psychological reality' of rules that relate English orthography

to meaning.

Four experimental training treatments are suggested by these con-

siderations, and these four treatments were used in this investigation:

(1) 'B' -- practice with both initial and final units of target

graphemes;

(2) 'I' -- practice only with initial units of target graphemes;

(3) 'F' -- practice only with final units of target graphemeS;

(1) 'N' -- practice with neither initial nor final units of target

graphemes.

The relative utility of these four training treatments was measured

by the ability of subjects to pronounce, or read, criterion task items

made up of the spelling patterns taught. The investigation was limited

to single-vowel, monosyllabic targets. Each subject received training

on half of the set of spelling patterns to which he was assigned, but

the items he received in the criterion task comprised all possible com-

binations of all the IC and FC units in the set.

Also of interest in the investigation were effects due to the con-

figuration of target items, the meaningfulness of target items, the

vowel-phoneme association in target items, and the sex of the subjects.

Four configurations in the target monosyllables were considered: CVC,
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CCVC, CVCC, CCVCC. P:esumably, the presence of consonant clusters may

affect the difficulty of reading a target monosyllable. Hansen and

Rodgers (1968) taught 20 eight-year old children 12 nonsense syllables.

Two of these syllables were of the configuration CCCVC, two were CVCCC's,

two were CCVCC's, and six were disyllabic CVCVC's. The authors do not

report planned or post-hoc comparisons using the CCVCC's, but they do

report that the CVCCC's were significantly more difficult than the

CCCVC's and the CVCVC's. On the basis of these inferential data and

other descriptive data from the Hansen and Rodgers study, it seems

reasonable in the present investigation to expect an ordering from

easiest to most difficult configuration of CVC, CCVC, CVCC, CCVCC.

Words as targets should be easier for the subjects than non-words.

However, this effect was expected to be less noticeable under the B

treatment than under the N treatment because training external to the

experimental treatments should have a greater effect on target graphemes

under the N treatment.

The specific grapheme-phoneme associations required by the vowel-

phonemes in the target graphemes was not expected to affect item diffi-

culty. However, any indication of such an effect would be of interest.

Superior performance by girls in initial reading has long been noted;

this literature was reviewed by McNeil (1964) and Maccoby (1966) among

others. However, Atkinson (1968) and Fletcher and Atkinson (1972) re-

ported an absence of superior performance by girls in the Stanford CAI

program, and Jeffrey and Samuels (1967) also reported a similar absence

of the effect in their study of phonics based initial reading instruction.



Performance in initial reading decoding tasks may be independent of sex,

and this effect, or lack of it, is of interest in the present study.

Within subjects, or repeated measures, designs were used to investi-

gate the effects of the four training treatments, the four configurations,

and the word and non-word criterion task items. Between subjects designs

were used to investigate the effects of the owel-phonemes and the sex

of the subjects.

PROCEDURE

Subjects

From its inception, the CAI reading program has been provided in a

school in a predominantly Black, economically depressed neighborhood.

Within this school, 72 subjects, 25 boys and 47 girls, from three,

moderate-ability first grade classes were chosen for this investigation.

Beginning in the fall of the school year, students in these classes re-

ceived 8-minute CAI reading sessions as an integral portion of their

daily activity. Students chosen as subjects for this experiment had

accumulated 6 minutes of session time within the phonics strand before

beginning the experiment. All subjects, therefore, were familiar with

the CAT reading program and with the exercise formats of the phonics

strand. The experiment was run in May as part of the subjects' daily

CAI sessions.

Materials

One set of 24 spelling patterns was devised for each of the five

vowels: A, E, I, 0, and U. These five sets of spelling patterns were

constructed under the following constraints.
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(1) Of the 24 patterns in each set, 6 were to be IC units of the

form CV-, 6 were to be IC units of the form CCV-, 6 were to be FC units

of the form -VC, and 6 were to be FC units of the form -VCC. There were,

therefore, (12 X 12) 144 combinations of IC and FC units for each vowel.

(2) The number of words in the l4 possible combinations of all IC

units with all FC units in each set was to be maximized. A 'word' was

operationally defined as an entry in Webster's New World Dictionary

(1966) not marked as obsolete or poetic (RATH and PROG were among the

resulting IC-FC combinations), archaic (HATH and HAST were among the

combinations), slang (LAM, STASH), dialectical (DASH, MUMP), as an ab-

breviation (DIST, MIN), or as an interjection (HIST). Proper names

(PAM, DICK, TED) and entries marked as colloquial (MATH, MOM) were clas-

sified as words. Some recognizable IC-FC combinations (CHIMP) FLAB)

were not classifiable as words under this definition, and some very

unusual combinations (FID, NEB) were. The aim of the grapheme-phoneme

correspondence technique emphasized in this investigation is to enable

students to pronounce arbitrary orthographic combinations so that they

can associate prior semantic and syntactic knowledge with what they hear.

Therefore, the most appropriate definition of 'word' for this investi-

gation is any phonemic unit with which subjects have prior semantic and

syntactic experience, i.e., any element in the subjects' recognition,

or listenting, vocabulary. The entries in Webster's New World Dictionary

were assumed to be as good an approximation of first graders' recognition

vocabularies as any other readily available set of items, particularly

with respect to items of the limited configurations (CYC, CCVC, CVCC,

CCVCC) used in this investigation. The number of word and non-word
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items under each vowel, each configuration, and each vowel by configur-

ation 'cell' that resulted from the operational definition of 'word' are

sliown in Table 1. All IC-PC combinations and their classification as

words or non-words are listed in Appendix A.

(3) Obvious obscenities resulting from the combination of IC and

FC units were to be avoided.

(4) Each IC-FC combination that resulted in a word was to be ordin-

arily pronounced with the same vowel-phoneme that was associated with the

separate IC and FC units during the experiment training period. For

example, -ON was presented as an FC unit associated with the phoneme /an/,

and, although initial units such as RO- and PO- could be used, TO- could

not be presented as an IC unit associated with the phoneme /ta/ because

the IC-FC combination, TON, is ordinarily pronounced as /tan/.

(5) There had to be one monosyllabic and one polysyllabic word that

could exemplify each spelling pattern in the instructional portion of

the experiment. The monosyllabic exemplar could not be one of the IC-

Pc combinations derived from the spelling patterns presented in the

experiment. The exemplars for each spelling pattern in the experiment

are given in Appendix B.

The sp311ing patterns taught in the experiment are listed by vowel

in Table 2. The vowel A was associated with the phoneme /aa/, E was

associated with /e/ I with /1/, 0 with /a/, and U with /c)/.

Generally, the notation, CC, refers to two consonant letters associ-

ated with two consonant phonemes. However, three units for A (-ACK -ATH

-ASH), two units for E (CBE- -ECK), two units for I (CHI- -ICK), five
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Table 1

Number of Word and Non-word Criterion Task Items

Classified by Vowel and Configuration

CVC CCVC CVCC CCVCC Total

A
words

non-words

25

11

20

16

23

13

13

13

81

63

E
words

non-words

14

22

4

32

16

20

8

28

42

102

I

words

non-words

22 17

19

19

17

5

31

63

81

0
words

non-words

22

14

8

28

12

24

8

28

50

94

U
words

non-words

20

16

4

32

26

10

12

24

62

82

Total
words

non-words

103

77

53

127

96

84

46

134

298

422
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Table 2

Spelling Patterns Taught in the Experiment

Vowel: A = /Ee/

CA- CLA- -AD -AND

LA- GRA- -AG -AST

RA- SLA- -AM -ACK

PA- CRA- -AN -ATH
MA- FLA- -AB -AMP

HA- STA- -AT -ASH

Vowel: E = /e/
BE- CHE- -ET -END
NE- FRE- -EB -ECK

SE- PRE- -EM -ELT

FE- SWE- -EN -ENT

TE- DRE- -EP -EST

LE- SPE- -ED -ELD

Vowel: I = /i/

FI- CHI- -ID -ILT

HI- TWI- -IP -ICK

LI- SPI- -IM -ISK

MI- DRI- -IN -IST
SI- TRI- -IT -INT

DI- SKI- -IG -IMP

Vowel: 0 - /a/

LO- CR0- -OD -OCK
HO- FIC- -OT -OND
CO- SHO- -OM -OFT

RO- CIA- -ON -ONG
P0- PRO- -OB -OSH
MO- STO- -OG -0TH

Vowel: U = /V

BU- CRU- -UD -UNG
SU- DRU- -UP -UCK
HO- SKU- -UM -UMP
LU- GRU- -UG -UNT
MU- TRU- -UN -UST
RU- PLU- -UT -UNK
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units for 0 (SHO- -OCK -ONG -OSH -0TH), and two units for U (-UNG -UCK)

required the association of two consonant letters with a single phoneme.

Method

When each subject began the experiment, he was randomly assigned

to one of the five sets of spelling patterns and then 12 of the 21

spelling patterns in the chosen set were selected for training. The

number of subjects trained on each of the five sets of spelling patterns

is shown in Table 3.

It shoulL be noted that all randomization required by this investi-

gation used a standard algorithm for generating random numbers. Van

Gelder (1967) describes this algorithm in his discussion of power residue

pseudo-random number generators.

Selection of the 12 spelling patterns for each subject's training

was stratified so that 3 of the patterns were IC units of the configur-

ation CV-, 3 were IC units of the configuration CCV-, 3 were FC units of

the configuration -VC, and 3 were FC units of the configuration -VCC.

This stratification, then, yielded four sets of 3 patterns each and

within subjects designs for investigating the effects of training treat-

ment, configuration, and meaningfulness. In the training portion of the

experiment, each subject received two consecutive days of practice with

each of the four sets of three spelling patterns that were assigned to

him, yielding a training reriod of eight days. The order in which the

four sets of spelling patterns were presented was randomized for each

subject.

Practice consisted of a fixed number of trials in the phonics

strand exercises according to the following schedule:



Table 3

Number of Subjects Assigned to Each of the

Five Sets of Spelling Patterns

A E I .0 U Total

Boys 4 5 5 5 6 25

Girls 9 10 10 7 11 I7

Total 13 15 15 12 17 72
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Day 1

3 trials--exercise 1

1 trials--exercise 2

3 trials--exercise 3

Day 2

2 trials--exercise 1

4 trials--exercise 2

4 trials--exercise 3

(copy)

(recognition)

(build-a-word)

(copy)

(recognition)

(build-a-word)

A 'trial' consisted of one presentation of each of the three spelling

patterns. Therefore, on each of the two consecutive days, a subject re-

ceived ten presentations of each spelling pattern or a total of 20 pre-

sentations for each spelling pattern assigned to him. Because of a

warm-up effect apparent in CAI performance data (cf. Wilson and Atkinson,

1968) subjects ran for two minutes in their ordinary day's session ex-

clusive of the phonics strand before being branched into the experimental

treatment. Subjects were signed off when they completed the 30 presen-

tations in the day's experimental treatment. CAI sessions for the subjects

were slightly more variable in length than normal student sessions.

Sessions for subjects in the training portion of the experiment lasted

7-9 minutes compared with the more precisely timed 8-minute sessions of

non-experimental students. The experimental training portion of these

sessions lasted 5-7 minutes.

At the end of his eight-day training period, each subject was in-

dividually tested, off-line, on all 144 IC-FC combinations derived from

the full set of 24 spelling patterns to which he was assigned. In

administering the test, each item, printed in upper case primary type
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on an unlined 3 X 5 index card, was shown to the subject who then had 10

seconds to read the word aloud. All the tests were administered by one

of three people who knew to which. set of spelling patterns subjects had

been assigned but who did not know with which 12 patterns each subject

was trained. The order for presenting each sct of 111 IC-FC combinations

was randomized for that set. Each test took 15-25 minutes to administer.

Subject's entry into the training portion of the experiment was

'staggered' so that subjects would finish the training and become ready

for testing on different days. An attempt was made to test each subject

on the day following his completion of the 8-day training period. This

attempt was generally successful, but delays of four days occurred in

two instances and eight subjects were tested on the same day that they

finished the training period.

Because each subject was trained on 6 of the 12 IC units and 6 of

the 12 FC units to which he was assigned, (6 x 6) 36 of the 11 IC-FC

combinations on which he was tested fell under the B training treatment

(training on both IC and FC unit) . Similarly, another 36 of the 144

test items fell under the I training treatment (training on IC unit only),

36 fell under the F treatment (training on FC unit only), and 36 fell

under the N treatment (training on neither IC nor FC unit). Further,

because each subject was trained with 3 IC units of the CV- configuration

and 3 FC units of the -VC configuration, 9 of the 36 test items falling

under the B treatment were CVC's. Similarly, 9 of the 36 B items were

ccvcts, 9 were CVCCis and 9 were CCVCC's. In other words, each subject

received 36 items under each of the four training treatment conditions

(B, I, F, or N), 36 items under each of the four configurations (CVC,
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CCVC, CVCC, and CCVCC), or 9 items in each of the (4 x 4) 16 treatment

by configuration 'cells' (B & CVC, B & CCVC, I & CVO, N & CCVCC).

RESULTS

Table 1 presented earlier shows that the numbers of words and non-

words under the different vowels and the different configurations varied

significantly. There were almost twice as many words under the vowel A

as under E, and there were over twice as many words under the CVC con-

figuration as under CCVCC. That words were significantly easier for

subjects than non-words is supported by data presented later in this

paper. Therefore, an investigation of the relative difficulties of the

vowels and configurations in the study is likely to be confounded by the

differing proportions of words and non-words if it uses the number of

correct answers under each vowel and configuration category as the

measure of interest.

Because of the varying proportions of words and non-words, analyses

of the vowel, treatment, and configuration effects were made separately,

and parallel analyses for words and non-words were performed in investi-

gating vowel and configuration effects. When separate analyses were

performed for words and non-words, the data were first transformed to

proportions, and statistical inferences were drawn using non-parametric

techniques. Under these circumstances the transformation to proportions

was necessary because, as we might expect, the number of total correct

answers possible varied widely between subjects. The difficulties in

using proportions in parametric tests of statistical inference are legion,

and non-parametric statistical inference was used when the data under

consideration were proportions.
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Training Treatment

The relative effects of the four training conditions--B (training

on both IC and FC units).9 I (training on IC units only), F (training on

FC units only), and N (training on neither IC nor FC units)--were of

primary interest for this investigation. Means and standard deviations

of correct answers over all 72 subjects are reported in Table 4 for the

four training conditions. Table 4 also summarizes the results of a

,single- factor analysis of variance for repeated measures (Winer, 1971)

used to investigate the training treatment effect, The F-ratio for this

analysis was significant at p.< .01, and post-hoc pairwise comparisons

of the average number of correct answers made under the four treatments

were undertaken using the Tukey 'honestly significant difference' (hsd)

procedure discussed by Winer. This procedure uses Tukey's studentized

range as does the more common Newman-Keuls procedure but, instead of

adjusting the critical value depending on the dispersion of the two

values, it uses the critical value for the maximum dispersion possible

J
among all possible pairwise comparisons. Despite the conservatism of

the hsd procedure, an answer for the major experimental question under-

lying this investigation is indicated by the data. As Table 5 shows,

both the B and F procedures were superior to both the I and N procedures,

1

there was no significant difference between the B and F procedures, and

there was no significant difference between the I and N procedures. In

other words, over all subjects and all items, the F procedure was about

as good as the B procedure, and the I procedure was about as poor as the

N procedure in training subjects for the test.
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Table 5

Post-hoc Pairwise Comparisons for Average Correct

Answers under the Four Training Treatments

Training N I F B

Mean correct 20.18 21.03 22.78 23.58

N 20.18 .85 2.60** 3.40**

I 21.03 1.75** 2.55**

F 22.78 .8o

B 23.58

**significant, p < .01; q.99()+1213) VMS(residuals)/n = 1.25
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Configuration

Teachers of reading have long noted that items with consonant clus-

ters or blends are more difficult for students to read than are items

with single consonants, and, in the current data, CVC's should be easier

for students than CCVCC's. The relative difficulties of CCVC's and

CVCC's are not so intuitively obvious. Examination of the configuration

effect in the current data could be confounded by the different propor-

tions of words and non-words within items of the same configuration, and,

for this reason, separate analyses for configuration effect were per-

formed for words and non-words.

Because the spelling patterns for each subject's training were

selected at random, the number of word and non-word items under

each configuration category differed from subject to subject. Therefore,

the number of correct answers each subject achieved under each configur-

ation category was transformed to a proportion. These proportions were

then ranked for each subject under the four configuration categories.

For each subject, '1' was assigned to the category with the greatest

proportion of correct answers; '2' to the category with the next greatest

proportion of correct answers, '3' to the next, and '4' to the category

with the smallest proportion of correct answers.

There was a significant number cf tied proportions in these data;

20 subjects had at least one pair of tied proportions in the word items

and 9 subjects had at least one pair of tied proportions in the non-word

items. The problem of assigning ranks to these data was resolved by

discarding subjects with at least one pair of tied observations, leaving

52 subjects for the word items and 63 subjects for the non-word items.
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This procedure for resolving ties is recommended by Bradley (1968) when

it is reasonable to assume that there is no relevant bias in the discard-

ing process. This method yields probability statements that are exactly

true for the unambiguous (untied) part of the sample, but it only esti-

mates the exact probability levels for the entire sample. Naturally,

the reduction in sample size reduces the power of the test, but this

reduction, is less than that suffered under other methods discussed by

Bradley.

Means and standard deviations of the ranks for each of the four

configuration categories are given for word items in Table 6 and for

non-word items in Table 7. There are six pairwise comparisons in both

sets of data, and these comparisons are also presented in Tables 6 and

7 for word and non-word items, respectively. These comparisons are

based on an hsd procedure that uses Tukey's studentized range statistic

and is discussed by Miller (1966). This procedure uses the Friedman

statistic for comparing ranks and derives a simultaneous test for large

n from the following statistic:

1/2.

- R.I < q , , i,j
1 c4k,0-1)(k-1))[: 1a

withprobabilityapproximatelyl-a.R.and Rj are the mean ranks under

treatments i and j, and, in all, there are n observations matched and

ranked under the k treatments. The null hypothesis that there is no

treatment effect is accepted when all the mean rank differences,
5

117. - Tj I, fail to exceed the critical constant. Any difference that

exoeedsthecriticaaconstantforsorne7.andMis taken to indicate
1

a population difference.
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The comparisons in Tables 6 and 7 indicate similar results for the

configuration effect among word and .non-word items, respectively. Over

all treatments, CVC's and CVCC's were significantly easier than CCVC's

and CCVCC's and there were no significant differences between CVC's and

CVCC's or between CCVC's and CCVCC's. In other words, CVC's were about

as easy as CVCC's, ana CCVC's were about as difficult as CCVCC's.

It is reasonable to expect an interaction between configuration and

training treatment. Even though over all treatments, CVCC's were signif-

icantly easier than CCVC's for both word and non-word items, training on

initial units only should reverse this effect, and, specifically, CCVC's

should be easier for subjects than CVCC's under the I training treatment.

To investigate the possibility of this interaction, sign tests were used

to compare proportions of CCVC's and CVCC's correct under the I treatment

for both word and non-word items. As in the pairwise comparisons with

ranks, subjects with tied observations were discarded, yielding 53 sub-

jects for the word items and 511 subjects for the non-word items. The

normal approximation to the binomial distribution was used to compute

Z-values for these sign statistics following a procedure outlined by

Siegel (1956) and assuming p = q = 1/2. The results of these two sign

tests are shown in Table 8. The sign test for words indicated no signif-

icant difference between CCVC's and CVCC's, and the sign test for non-

words indicated that under the I training treatment CCVC's were signif-

icantly easier than CVCC's at p < .01. The latter was the expected

result. The results of the analysis for word items may have been due

to the subjects' prior familiarity with the words used.
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Table 8

Sign Tests for Relative Proportions of Correct

Word and Non-word CCVC's and CVCC's

Among word items:

P(CCVC) < P(CVCC) = 28

P(CCVC) > P(CVCC) = 25

P(CCVC) = P(CVCC) = 19

Z-value = .275

Among non-word items:

P(CCVC) < P(CVCC) = 16

P(CCVC) > P(CVCC) = 38

P(CCVC) = P(CVCC) = 18

Z-velue = -2.858**

**significant, p < .01; Z.99 = 2.576.
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Words and Non-words

Apart from any treatment effect, the number of correct answers given

to an item should depend on whether it is a word or non-word. Four sign

tests, one for each of the training treatments, were performed to investi-

gate this effect. These tests compared, for each subject, the proportion

of correct word items with the proportion of correct non-word items after

responses under all four configurations were summed. Again following

Bradley's recommendation, subjects with tied observations were discarded.

These four analyses are summarized in Table 9. As expected, all four

tests indicated significantly greater proportions of correct word items

than of non-word items at p < .01. It can be noted from Table 9 that

there were 19 subjects who made proportionally more correct responses to

non-word items than to word items under the N training treatment. Evi-

dently, subjects were able to draw on training external to that given

in this investigation.

Additionally, it might be argued that there should be a treatment

effect on the relative proportions of correct words and non-words. Be-

cause both IC and FC units are practiced under the B treatment, the

word-non-word effect may be relatively less than under the N treatment

where, presumably, the subjects had prior experience only with a few of

the word items. Cochran's 'Q' test for a single factor, repeated

measures, and dichotomous data was used to investigate this possibility.

Thy 'Q' statistic is distributed approximately as chi-square with k-1

degrees of freedom when there are k treatments and the number of subjects

is relatively large (Winer, 1971). In the current data, the proportion

of correct words was compared with the proportion of correct non-words
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Table 9

Sign Tests for Relative Proportions of Correct Words

and Non-words under the Four Training Treatments

Under the B

P( correct

P(correct

P( correct

Z-value = -5

Under the I

P( correct

P( correct

P( correct

Z -value = -4

Under the F

P( correct

P(correct

P( correct

Z-value = -4

Under the N

P(correct

P(correct

P(correct

Z-value = -3

treatment:

words) < P(correct non-words) = 10

words) > P(correct non-words) =57

words) = P(correct non-words) = 5

.620**

treatment:

words) < P(correct non-words) = 14

words) > P(correct non-words) = 55

words) = P(correct non-words) = 3

.815**

treatment:

words) < P(correct non-words) = 16

words) > P(correct non-words) = 53

words) = P(correct non-words) = 3

.334**

treatment:

words) < P(correct non-words) = 19

words) > P(correct non-words) = 51

words) = P(correct non-words) = 2

.705**

**Significant, p < .01; Z.99 = 2.576.
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for each subject by treatment combination. If the proportion of correct

words was greater; the observation was recorded as a 1; if the proportion

of correct non-words was greater, the observation was recorded as 0; if

the proportions under any treatment were tied for a subject, that subject

was discarded. This analysis for 64 subjects is summarized in Table 10.

The resulting 'Q' statistic was not significantly different from zero,

and these data do not indicate a training treatment effect on the relative

proportions of correct words and non-words.

Vowel-Phoneme

The possibility of a vowel-phoneme effect was of peripheral interest

in this study. The vowel-phoneme associations presented were not ex-

pected to affect item difficulty, but the implications of such an effect,

if found, were sufficiently intriguing to warrant some investigation.

Table 3 shows the number of subjects trained on each of the five

sets of spel.dng patterns, and the number of words and non-words under

each vowel are shown in TT.ble 1. In investigating the vowel-phoneme

effect, words and non-words were kept separate, and Kruskal-Wallis multi-

sample rank tests were performed for the two sets of data. In rabking

proportions for these tests, subjects with tied observations were not

discarded. Using the procdure discussed by Siegel, mean ranks were

assigned to tied observations, and the 'H-value' for the Kruskal-Wallis

test was corrected for the number of ties that occurred. This procedure

is justified by Kruskal and Wallis themselves (1952), and seems warranted

in the specific instance of calculating the H-value despite Bradley's

strong but general cautions against using mean ranks.
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Table 10

Cochran's Q Test for Relative Proportions of Correct Words

and Non-words under the Four .Trttining Treatments

Treatment B I F N

Sample size

Sum

64

55

64

50

64

48

64

46

Mean over all sums = 49.75

Q-value = 4.296*

*Not significant; X295(3) = 7.81.
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The primary difficulty with the Kruskal-Wallis rank procedure is

discussed by Miller who points out that the outcome of any pairwise com-

parison depends on all the populations under consideration; the same set

of observations from two populations can differ significantly in one

experiment but not in another. For this reason, Miller recommends the

Steel-Dwass multi-sample rank procedures over the Hruskal-Wallis pro-

cedures. 'ever, the Steel-Dwass procedures do not permit unequal

numbers of observations in the population samples, and the Kruskal-Wallis

procedure was therefore used in this investigation.

The two Kruskal-Wallis tests for vowel-phoneme effect are summar-

ized in Table 11. For rela +.ively large numbers of observations, H-values

are distributed approximately as chi-square with k-1 degrees of freedom

for k treatments. Neither test indicated a significant effect on item

difficulty due to the vowel-phoneme associations.

Sex

The possibility that girls may out-perform boys is always of inter-

est in tasks related to initial reading, and it is of particular interest

in reading CAI. Means and standard deviations for correct answers

achieved by the 25 boys and 47 girls in this study are shown for each

of the four training treatment groups in Table 12. The table also gives

t-values for the differences between boys' and girls' means under each

of the training treatments. None of these t-values were significant,

but it will be noted that under all four training treatments the mean

number of correct answers given by boys was higher than the mean number

of correct answers given by girls. Because the assignment of students

to daily CAI sessions was an administrative decision that depended to
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Table 11

Kruskal-Wallis Rank Tests for Relative Proportions of Correct

Words and Non-words under the Five Vowel-phonemes

Words

Vowel-phoneme A E I 0 U

Sample size 13 15 15 12 17

Sum of ranks
a

504 598 524 457 545

H-value (corrected for ties) . 1.459*

Non-words

Vowel-phoneme A E I 0

Sample size

Sum of ranks

13

510

15

554

15

541

12

496.5

17

526.5

H-value (corrected for ties) = 2.072*

*Not significant; x295(4) . 9.49.

a
Rank 1 was assigned to the subject with the smallest
proportion of correct answers) rank 2 to the subject
with the next smallest, etc.
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Table 12

Means, Standard Deviations, and t-values for Numbers

of Correct Responses by Boys and Girls under Each

of the Four Training Treatments

Sample size

Boys Mean correct

25

25.60

25

23.20

25

25.72

25

22.44

Standard deviation 8.81 8.79 8.32 8.88

Sample size 47 47 47 47

Girls Mean correct 22.51 19.87 21.21 18.98

Standard deviation 10.72 11.30 10.85 11.41

t-values for difference in 1.235* 1.279* 1.811* 1.317*

means

*Not significant; t
.95

(70) = 2.00.
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some extent on the school, it might be argued that the criteria for

selecting students for this investigation may have been biased in favor

of more able boys than girls, but in any case, there is no indication

in these data that girls1 performance was superior to boys' performance

with respect to the tasks required.

DISCUSSION

Training Treatment

The data reflect the value of presenting spelling patterns in ini-

tial reading. Teaching spelling patterns to the subjects in this

investigation resulted in positive transfer to a criterion task that

required subjects to read words and non-words composed of the spelling

patterns taught. Both the B training treatment and the F treatment re-

sulted in performance on the criterion task that was significantly

superior to performance under the N treatment.

These data corroborate earlier results reported by Fletcher and

Atkinson (1972) who used a similar criterion task with eight words and

eight non-words composed of spelling patterns taught in the Stanford

CAI curriculum. Fletcher and Atkinson reported that in reading both the

words and non-words, their 44 CAI subjects were superior to a matched

sample of 44 non-CAI subjects.

The practical utility of the method is not well supported by the

B treatment results. Under the B treatment, subjects correctly read

about 66% of the items on the criterion task compared to 56% of the

items under the N treatment. Given 240 presentations--(6 IC units

6 FC units) * 20 presentations per unit--a gain greater than 10% might

have resulted from presenting the 36 items directly.
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The F treatment results provide better support for the practical

utility of the method. Under the F treatment, subjects correctly read

about 7% more of the criterion task items than they did under -f-he N

treatment. This gain i 'ess--but not significantly less--than the gain

resulting from the B treatment. However, the number of items made poten-

tially available to subjects by the F treatment is much greater than the

36 items resulting from the combination of 6 IC units with 6 FC units

under the B treatment. For instance, the six moderately productive FC

units -IP, -IN, -IT, -ICK, -INT, and -IMP combine with initial consonants

and consonant clusters to yield about 90 monosyllabic words. Further,

the number of presentations required by the F treatment is one-half the

number required by the B treatment.

The usefulness of the F treatment is probably not limited to reading

monosyllabic words. Vocabulary gains among polysyllabic words ar also

likely. For instance, reading students may never encounter DIMP or BILK

in isolation, but they may encounter DIMPLE or BICKER and, presumably,

training with FC units will help them read these new words.

Beyond immediate gains in vocabulary, however, is the entire issue

of 'learning to learn' as a form of transfer. If the orthographic rules

for English are used in the reading process, then-learning that such

rules exist through practice with specific examples of these rules used

in concrete applications may constitute an aspect of learning to learn

in reading, and may be invaluable in initial reading instruction quite

apart from specific increments in students' reading vocabularies.

Finally, the superiority of the F training treatment over the I

treatment with respect to the criterion task is notable. Two explanations



for this result are, first, that it reflects familiarity resulting from

the use of FC units and non-use of IC units in 'linguistic' initial

reading series, and, second, that it reflects the greater information- -

or reduction of uncertainty--provided by FC units on the pronunciation

of the vowels in CVC's OTVC's CVCC's and CCVCC's. The teachers of

the three moderate-ability first grade classes from which all subjects

were drawn used the Lippincott readers (1963) during most of the school

year with most of their students. As mentioned earlier, these readers

emphasize FC units, and familiarity is one plausible explanation for the

superiority of the F training treatment among these subjects. The second

hypothesis based on the information content of FC units seems equally

plausible. Although a comprehensive comparison of the information carried

by IC and FC units is beyond the scope of this study, informal evidence

such as that of the MAT, MATE, MAR, MARE example lend credence to the

hypothesis. Selection of one or the other of these hypotheses requires

further experimentation.

Configuration

The criterion task items were expected to be ordered from easiest to

most difficult as CVC, CCVC, CVCC, CCVCC. As expected, the CVC's were

significantly easier than the CCVCC's. However, the CVCC's were about

as easy as the CVC's and they were significantly easier than the CCVC's

which were about as difficult as the CCVCC's. In other words, the data

ordered the configurations on the basis of proportion correct as CVC =

CVCC > CCVC = CCVCC. That the CVCC's were significantly easier than the

CCVC's contradicts the result reported by Hansen and Rodgers (1968).

However, Hansen and Rodgers used only six--two CCCVC, two CCVCC, and two
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CVCCC--monosyllabic non-words for all their subjects and their results

may have been peculiar to the particular set of items they used.

Some interaction between configuraticn and training was expected.

Specifically, the I treatment should have facilitated reading CCVC's on

the criterion task at the expense of CVCC's, despite generally higher

proportions of correct CVCC's than CCVC's over all treatments. This

effect was observed for non-word items under the I treatment but not for

word items. The former result implies the expected interaction; the

latter result may be due to subjects' prior familiarity with the word

items.

Words and Non-words

The proportion of correct responses was expected to be greater fOr

words than for non-words, and this expectation was supported by the data.

Words were significantly easier than non-words under each of the four

treatments.

An interaction of this effect with training treatment was also

expected. Under the N treatment subjects could draw only on their prior

experience in reading the criterion task items, and, presumably this

experience was entirely with words. Under the B treatment, the effect

of prior experience could be drastically reduced since the training was

designed only to relate spelling to sound and did not discriminate be-

tween words and non-words. This expectation was not supported by the

data; no significant effect due to the four training treatments was

observed on the proportions of correctly read words relative to non-

words. For that matter, the results seemed to be in exactly the opposite

direction from that expected. Among the four training treatmentsthe
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frequency with which the proportion of correct words exceeded the pro-

portion of correct non-words was highest under the B treatment and lowest

under the N treatment.

Vowel-phoneme

No effect due to the vowel-phoneme association required by the

spelling patterns and the criterion task items was expected, and none

was found. Such an effect was not considered out of the question, rather,

the design of this investigation was considered to be insensitive to this

effect, and the data were not expected to reflect it. It should be noted

that for both words and non-words criterion task items with E /e/ were

easiest and items with 0 = /a/ were the most difficult. A separate in-

vestigation that directly compared E = /e/ with 0 = /a/ might indicate

that the former association is genuinely easier than the latter for

students in the school district. Dialect differences in phonology be-

tween the Black English used by nearly all the subjects in this study

and the audio messages recorded for the Stanford CAI curriculum might

well be reflected by the relative ease or difficulty with which the

student population learns given grapheme-phoneme correspondences.

Sex

Despite the long noted superiority of girls' initial reading per-

formance over boys', no such effect was evident in this investigation.

This result corroborates similar findings for CAI in initial reading

reported by Atkinson (1968) and Fletcher and Atkinson (1972). It is

difficult to say if the absence of superior performance by girls re-

sulted from CAI itself, from the nature of the CAI reading curriculum,

or from the removal of the students from classrooms for their CAI sessions.
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Jeffrey and Samuels (1967) reported a similar result in their study of

phonics based initial reading instruction and so did McNeil (1964) in

his study of programmed instruction in initial reading given to kinder-

garten students. McNeil's study is particularly interesting because

superior reading performance by the girls in his sample population was

noted after his subjects were advanced to ordinary classroom instruction

in first grade.

All these studies, including the present investigation, indicate

that the superiority of girls in initial reading is not due to an inher-

ent, maturational factor but in some way results from ordinary classroom

instruction. The Stanford CAI curriculum avoids whatever biases class-

room instruction in favor of girls' initial reading performance as

successfully as did the phonics instruction given by Jeffrey and Samuels

and the programmed instruction given by McNeil.

Reading as Rule-governed Behavior

In 1908, Huey emphasized that

perceiving is an act, a-thing that we do, always and everywhere,
never a mere passive sensing of a groUp of passing sensations or
impressions. It probably always involves actual innervation of
muscles, and indeed coordinated and organized, we may say unitized,
innervation of muscles. Certainly on the psychic side there is
an active and more or less unitized movement of mind, a sense of
inner activity [p. 104].

There can be little doubt that, at the syntactic level, reading is

active, rule-governed behavior. Every day we encounter novel combina-

tions of textual information that we read and understand without a

second glance. It seems reasonable to assume that reading is active,

rule-governed behavior at the orthographic level as well. Efforts by

Chomsky and Halle, Venezky, and Cronnell all suggest an elaborate and
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comprehensive system of orthography that can be expressed as a series of

generative rules for mapping spelling patterns onto more abstract repre-

sentations of language. Whatever these abstract representations may be,

the rules mapping spelling patterns into them will necessarily be more

complex than the simple grapheme-phoneme correspondences used in this

investigation. For example, morphology may explain why TH in HOTHOUSE

is pronounced as /th/ rather than as /V in BATHE or as /0/ in BATHROOM,

and stress may explain the palatalization of /t/ in VENTURE and not in

VENTURA.

Obviously, a major contribution to reading research would be to

develop empirically based noticns of how rules of English orthography

are applied in the reading process. This contribution requires more

sophisticated experimentation than that attempted in this investigation.

However, systematic studies of English spelling patterns in the sense of

grapheme-phoneme correspondences should continue to 'a useful in laying

groundwork. Contradictions may appear that require a notion such as

lexical representation for their resolution, but, for the time being,

our information on reading performance with grapheme-phoneme corres-

pondences can stand considerable expansion before we begin investigating

reading competence by examining the 'psychological reality' of rules

that relate orthography to progressively more abstract representations

of language.
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APPENDIX A

Initial Units, Final Units, and Criterion

Task Target Items
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a

caw
law
raw

paw
maw
ham

Claw
grew
slaw

era-
flaw
stew

cadws cagigm camww
ladws lagww lam-m
radwm ragww rem *w

padww pager) pamw
medgw magwm mammon
hadw hagsw samw

clads clagm clamw
gradw gragwm gramw
sladm slagw slamw

cred "n cragww cramw
fladn flagww flamw
stadwm stagww atems.m

condom castww cack"m
lamdlaw lastw lackww
remds rastwm rackw

pamdm pastww packww
mender mastww mackww
hamds hasten hackw

clamdm clastwm clackww
Oramdw apostles grackwm
slam:am slastsh slackww

cramdigm crastsm crackww
fiends', flastwm flackwm
stencil's stastwm stacksw

wad
sag
"am

wan
web
set
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wand
east
week

oath
"amp
wash

cammw cabgaw est.'s
lamm.m ?aboard

raw rabwm ratw

pamw pabwm pates
mamww mabow matiww
hamwn habwm hatw

clamww clabwm claten
granm grabw grater)
slarwm slabww slatww

crane', crsbw crater)
flanw flabm flatmw
stamww stabww statwr

cathm camoww cashew
lathw lampw lashww
rathwra remPw rashww

Pathw pamoson pashr1
mathw mompm mesh,Pw
hathwm hamon h.:1815w

plathm cIampw clashw
grath -m grampm greshigh
e1atrom,n slampsm slash"

crathwm crampsw craah
flathwm flampwm flashsw
stathwm stampww stashm



e 6, /e /
bem
n ew

sew

foal

too
leo

chap
from
Pre"

sweet

drew
spem

betmw bebom bomam
ot "w mobow menam
setow sebmm semmm

feeem febmm femam
teteen tebmm temmm
let ®w lebmm lemon

chetam theban chemon
fretaw frebn freman
preton preban premum

swetom swebm swemam
dretm drebun dremom
spetam spebn epommm

bendw beckaw boltow
mendam neckow meltan
semeliew seekom seltom

femelaw feckn feltow
temdow teekan teltum
lemdw locker' lelton

eliemdon cheekaw eheltm
fremdm }reckon frelt ®n
Promdon Preekm preltmm

swemdan sweckam sweltam
drendn dreekam dreltmm
sPomdw speekaw !molter'

met
meb
meet

em
asp
wed
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mend
aeck
melt

emt
-test

meld

bemmw bopum bedaw
merlon nePom medow
somw mom sedan

femmw fepam fedw
temmw tePom tedw
lemon lopmm leclw

ehomm chopam chodmm
/remain froPmm fredmw
Promm Prepow proclaim

swenom swopn ewedm
drenn droPom dredom
apeman spePmm sdedmw

bentaw bestow beldm
nemtam mestmw meldm
semtow sestmm seldmn

femtn festmm foldm
temtow teStow toldon
lemtow lestmn leldom

chentn ehestw cheldam
fTenton frestmn freldon
premt.n prestw preldam

swemton sweet', sweldwm
drentan drestow deeldom
spemtow speStom speidem



/1/

him
1462

mIP
sim
dim

ficiPw
hidaw
lidaw

mld"w
ald"w

chi*
twin
spim

drip
trim
skim

hipmw
lipmw

mipam
sipmw

himmw
limmn

ml mow
simmn
dimmw

chidan chipPw chimmn
twidan twipmin twimen
spidan spipem sPimPm

dridan dhipaw drimwm
tridan tricww trimaw
akld ®w skiPww skim"

Mtg.') Fick ®n fiek ®w
hiltaw hickww hiskan
liltaw lickaw liskan

miltaw mickwn miskan
siltaw sickimw siskun
diltan dickaw diskaw

ch41tImn ehickaw chisken
twiltan twickah twiskwn
apiltigw spickPh emiskan

dri1ten drickmh dmiskan
triltmn trickaw triskmin
skiitmn akickmh akiskan

Pod
%DIP

Sim

win
04 t

Pig

6o

wilt
Pick
wisk

Piet
Pint
"imp

finmw fitPw f4c"w
hinmn hitmw higgin
linan llt "w

mineen mitan mlg"n
sinmw mitmw sigan
dinmw Citan

chinmw chitsw emigen
twinPw twitow twigmw
spimaw spitaw spigma

drinan dritan drigPn
trine" tritan trigew
skinmw skitPm skigmn

fistPw fintan fimdmon
histam hlmt "w rimPnm
listw limtaw limpow

mist"w mintaw mimoan
sistam simtan simpaw
distam dimtaw Oilman

chistam ehintam chimpom
twistaw twimtam twimpam
spistn solmtan spimoam

dristam drimtam drimpam
tristPn trinten trimpem
skistmn skintmn skimpmw



a a /a/
10s,

hos.

Cron
/Ion

nod
not

nook
nomd

con show Dom oft

POW

POW

clog,

peon
non
mob

oomg
nosh

RI 0 IP stow nog "oth

lodem lotnw lomum lommem Iebnw lognw
hodnw hotnw homnm homnm hobeew hogow
oodnw cotnw comm eon-w cobnw eognw

rodeew rotnw mortar/ romnw robeew POPIM
oodeew ootow pomom 001100,4 PaboM pagan
mod motnw momnw morn mobpw mognm

crodmm crotem crawler% crompm crobtam crognm
flodom flotem flomm flomnm flobnm floomw
shodmw shotew shoran shomnm shobinm shower%

clodow ciotow clornm clommm clobmm clognw
Orodnw protnm prommw prommr probem prognm
stedem stotnm stamen stomm stobnm stogmm

locknw London loftew lomgnw 1osheem lothnw
hoeknw homeigim hofto homgw hoshom hothem
cocknw condom soften comgnm coshom coflioen

roeklow romdmm roftnn romgnm roshom rothnm
Ocekew pomdew poftwm pongm Poehwilm pothom
mocknw mond"n moftnm mongun moshri mothaw

crocknw ePondam erof(i:nw cromgnm croshnm crothom
flocknw flomdnm ',often flomgm floshom flothnm
shocknw shomdmm shoftm shomgnm shoehem shothmm

clockmw elomdmm eioftem elongen closhalm clothnw
Precision Promdam proftnm Promgmh Proshgpm prothon
stocknw stomdmm stoftom stomvin Stoshem stoth4mm
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u / G /

bun
sum,

hue,

CrUe
drum
skue

lue OruP
MUD, true,

rue plugs

budew buPcom bumew
sudem supow sumew
hudem hupem humew

ludem luPem lumnim
mudow mupen mumew
rudem ruPen rumew

crudem crupem crumem
drudem druPem drumew
skudem skupem skumem

grudem grupem grumem
trudem truPem trumem
Pluden p1upem plumew

bumgmw buckew bumpew
sumgew suckew sumpew
humgew huckew MWmPc'w

lumgew luckew lumpew
mwmgem muckew mumpem
rumgew ruckew rumbiew

crumgem crucken crumpew
drumgen drunken drumpem
skumgem skuckem skumPem

grumgem gruckPm grumpem
trumgem truckew trumpew
plumgen pluckew plumpew

eud -WIC)

uld euck
num eumP

mug -unt
owm -ust
nut eumk
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bugew bumew butew
auger, sum-r' suten
hugew humew hutew

lugew iumen lutem
mug -w mumem mutem
rugew rumew rutew

crugem crumem crutem
drug -w drumen druten
skugem skumem skuten

gmugem grumem grutom
trugen trumem truten
Plugew PIumem Pluton

bumtew bustew bunker/
sumtem su,,stem sunkew
huntew huttem humkew

1untem lustew lunkem
mumtem mustew munken
rumtew mustew rumkem

crumtem crustew crunken
drumtem drustem drumkew
skumten skustem skumkew

OPUnt-w grustem grumkum
trumtem trustew trumkew
Piumten Plustem P1umitww
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caw camera cap
law landed iliP

Pew rabbit raft

paw pattern pass
me' magic mask
haw hammer has

claw clatter clap
gram grandma grant
slaw slander slant

ere' crackers craft
flea flatter flaw
stew statue staff

1.19O nomad glad
ag dishrac tag
'en program Jam

wan began plan
web prefab nab
wat acrobat fat

wand unhand sanl
west contrast blast
week attack crack

math footpath bath
'amp encamp damp
wash potash trash
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be bedbug bell

no. never newt

sea seven self

le+ fellow fell

tea telephone tell

le lesson left

cha. cherry chess

fre fretful fresh

Pre. Present press

swe. sweeter swept

dreg dressing dress
sp.. special spell

wet regret jet

web cobweb web
worn anthem stem

mien golden den

ep instep step

wed abed red

end defend Mend
n eck henpeck wreck

welt heartfelt melt

sent Prevent rent

west Protest vest

weld beheld held
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dolq 
;611.1d 

4s1.1m 

N91.4 
)01M 
404 

51q 
Wi 
60.16 

WMa 
dIUS 
Pile 

Male 
10114 

ii 1P 

tilde 
Ulm; 

4slp 
)101 
xlw 

Gill 
014 
4sli 

99 

%oweledded 
4914610 

10.164so 

mq.lopw0A 

151611.140 

wicie* 

Oak id 
04101; 
P014 

peddple 
P0M31.14 

USA ,0 

oeulds 
po;s1m; 
610)13142 

Jouulp 

o4nulw 

uovelk 
waPP14 
A4iii 

dWir 
4611m 
411 

bib 
41m 
10. 

W1.. 

dlr 
pi 

01M 
0114 
oap 

midi 
,M4 
0142 

op 
all 



L9 

440aq 44010491P 440b 
4105 4@01de 490. 
Owoam Ouoioad 

4100 Wit 400111 

Pwolq gwoAog owe. 
11001q mgosoOd moos 

sop 603 0deo1 
qof q0u4ao0p go. 
woo uodn mo. 

.0; wodwOd opal 

40111 $oolage lo. 
ootr 0041110a dd. 

doss DWImoo4 .80$11 

goad 0$1moad 0ad 
d013 4118019 .010 

goys Owld0041 60411 

deli oii 
00.11040 000 

Slow 414411WOw mow 
dod 401100d mOd 
11011 wigOa 4.041 

3800 W04400 .00 
do4 OOdd04 .gy 
4801 dOgillei so' 



bum bucket buzz
sum sudden such
hum hundred hub

lwm lumber luff
mum mUsteche much
rum rushed rub

crum crusted crumb
drum drugstore drub
skum skulking skull

GrUm grumble gruff
true trumpet trues
plum Plunder plus

mud rosebud thud
'up ketchup Cup
ovum mssiMum gum

mug bedbug tug
wm begun spun
mut chestnut cut

mun0 unsung stung
muck firetruek stuck
mump overtrump lump

"Punt foxmhunt stunt

must august just
sunk chiPmumk junk
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