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The investigation was concerned with the class of

grapheme-phoneae correspondence called spelling patterns and was
intended to broaden eampirical understanding of grapheme-phonenme
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 accvaulated six minutes of
session time on the computer assisted readiag program (CAI) phonic
strand before beginning the experiment. One set of 24 spelling
patterns was devised for each of the five vowels: A, B, I, O, and U.
When each subiect 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-aay 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 ALTERNATTVE PRESENTATIONS OF SPELLING
PATTERNS IN INITTAL 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}ticular 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 ﬁhoﬁology
(Chomsky and Halle, 1968) guestion the linguistic-utility of this defi-

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

GRAPHEMR-PHONEME CORRESPONDENCES IN INITIAL READING
In 1933, Leonard Blocmfield suggested that

Two devices obvicusly 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 raticnally planned
way, at’ earlier points [p. 501].

These ideas were not original in RBloomfield's time and they are not
revolutionary in ours. The Initial Teaching Alphabet currently being
implemented 1s antedated by a teaching alphabet developed by John Hart

in 1570, and Richard Mulcester's Elementarie was published in 1582 to
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argue for the regulariza.ion of English orthography that rcading might
be facilitated. The value of Bloomfield's two suggestions is not null-
i1fied Ly their lack cf rcvelty; instead, their persistence may indicate
their worth. Eloomfield's contributicn was to advance thece ideas when
they were unpopular. His cown reading seri:s, which was besed on his
second suggestion, was not funded for publication until 1958. 21 years

after it was developed and nine years after his death.

correspondences in teaching initial reading. 1In practice, the ‘'graph’ cr
grapheme can be a single letter, a syllable, or a word. 1In 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 rvaders 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 lLetter 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, Bausell, and Jenkins (1972), and Samuels (1972)
imply ‘that these conclusions are based on a correlational artifdct rather

1

than a causal relatlonship.

]

Ohnmacht (1969) used three groups of fi‘lrst-grade students “to fIanes-
. tigate the effects o:f' three training procedures on word di,scrimination
and word knowledge. One group was trained on letter names, the second

N .
group was trained on letter names and letter sounds ; and the third group
served as a control. The group 1trained on letter names and sounds was
superlior 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 receilved
training with a set of four letter-like graphemes that bore a one-to-one
grapheme-phoneme correspondenc:g to VC words presented in a transfer task.
The fourth experiment was similar to thez{lfirst three except that English
letters were presented instead of the letter-like graphemes. Number of
trials to criterion in learning the VC words was used as the measure of
transfer in all four expexriments. 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 gronps of f.‘irsf-grade students to inves-
tigate the assumption that letter name knowledge facilitates initial

reading. ©One group was tralned to visually discriminate among four



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 ilrrelevant 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 & Type II (beta) error
was highly unlikely.

Letter Sound and Whole Word Training

On the ofher haﬁd, knowledge of letter sounds does seem to have a
positive effect on word recognition in initial reading. 'Studies by
Bishop (196k) and Jeffrey and Samuels (1967) as well as Chall's (1967)
survey indicated positive transfer for letter sound training on wérd
recognition.

Bishop (196L4) simulated initial reading by teaching two groups of
college freshmen and sophomores to read Arabic' words and then tested thre
subjects' ability to iear’n a new ‘list of transfer words. In learning
the first list, one group received single-letter training in which
letters were pres-ented 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



have been due tc tack unfamilisrity in that the cingle-letter zutjeetr
saw whole Arable words for the first time in the trancfer tark.
Jeffrey and Samuelc (17%€7) taught three groups of kindergarien

set of mencoyllabic words eprecented by graphemes

o«

children tc read
that regsewbled English letters ac Yi+ile as pcscible. They then studied
their cubjects! ubility to learn 2 new list of transfer words. Thelir
procedure wag ecsentially similar to E!shop's in that cne grcup received
single-letter training cn the phonemic value of the graphemes, cne group
received whole-word training, and crne groap acted as a ccntrel. Their
results corroborated Bishop's in that the letter-trained grcup tcok
significantly fewer trials to reach criterion on the transfer tack than
did the whole-word group &.? that the whole-word group did ncot differ
significantly from the control group in trials tc criterion. Further,
the Jeffrey and Samuels results amplified B.shop'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 supverior
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




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 conventional 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].

Based 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). Blshop allotted the same
amount of training to each of her three training groups, and Jeffrey and
Samue ls rgported 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, Bausell, 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 is still needed to demonstratc
superior transfer value for letter-sound training over letter-name
training when training time is held constant. From Samuel's (1972)
finding of no difference in transfer for letter.discrimination, letter-

name, and control training, it seems reascnable to expect some success
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In Linguistics and Reading, Fries emphasized that the approsca to

initial reading recommended by Bloomfield and himself rests

upon the relaticn butween the scund patterns ol the words and

the letter symbols of an alphabet but this relation 1is not such
as to lead us to scek to match specific letters wi.th cacn on of the

physical 'sounds' 5I' our language.

Nor does it assume that the

pronunciation of & word is a fusicn or blending of the sounds

represented by the individual letters by whieh the word is

spelled [1963, p. 1L6].

Fries' position is that

Modern English spelling is fundamentully a system of a comparatively

few arbitrary contrastive sets of spelling-patternc,

to which readers,

to be efficlent, must, through much practice, develop high-speed

recognition responses (p. lh6].

Coming from psychology rather than linguistics, Eleanor Gibson

stated, on the basis of extensive empirical evidence, that



It is my bellef that the smallest component unlts in written

English are spelling patterns. By & 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 & word. This kind of

regularity is not merely "frequency" (bigram freguency, tri-

gram frequency, and so on), for it implies that freqQuency

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 signifiéantly 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 & 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



to a blas to emit pronounceable respounses but that the perception of the
target was genulnely affected by its gonformity to . the spelling rules of
English. |

In initial reading, the use of spelling patterns encounters several
practical difficulties, one of which is the strained vocabﬁlary 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 stralned becauge Nan is not é particularly familiar name and
because who can fan whom is not a concern of moment to initial readers.
Further, the sentence may contaln grapheme-phoneme irregularities in
ordinary discourse. For instance, CAN in this sentence would be ordinarily
pronounced /kKen/ 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 /:t/ 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-
gaverned 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, Samueis, and Williams among many
others. It may be, however, that those who se=ek 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 1s 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 Englizh 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. 7-261.

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 modifications
into the lexical representations and eliminating grammatical
formatives in favor of phonological matrices [1968, p. 163].

O ‘ 10




Lexical representations are therefore distinet from phonological repre-
sentations even though the two representations are related to one another
by rules. The term 'lexical represerntation' 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 incliudes are

psychologically real, though below the level of conscious knowl-

edge; and (3) that tue 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 spcken language
(1970, p. 4) 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

1 .



reading these correspondences remain the best defined and best understood
fundamental units of transfer.

In cuing on grapheme-phoneme coirespondences 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 AwO TRANSFER

Transfer is a natural aim for instruction, which ceuld achieve
little if it were limited to material that could be taught only directifL;yo
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 tanght
spelling patterns if subjects are better able to read unfamiliar items
that include the patterns taught. This procedure was used to obtain
measurable eyidence that positive transfer occurred in the presént study
as well as in the investigations by Bishop (1964), Jeffrey and Samuels
(1967), and Jenklns, Bausell, and Jenkins (1972) .

Four experimental tlalnlng treatments were used in thlS 1nvest1ga—

tion. These treatments differed from one another in the way they

ERIC | 2




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
attfaétive medium for presenting them. This investigation; then, owes
much in terms of experimental control to the Stanford CAI 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 Program in Initial Reading

| The advept 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 CAT 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 Fletchef and Atkinson-(l972), 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
" 4he” 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 O, the
readiness strand, provided practice with the manual skills required for
interaction with the CAI program, Strand I, the letter strand, provided
practice in copying, recognition, and recall.of the letters pf the alpha-
bet. The initial pass through the alphabet presented letters singly and
in maximally contrasting groups, for example (RTO); later passes through
the alphabet presented letters in minimally contrasting groups, for
example (MNW)}. Strand IT, 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

IT through IV, those that did hot include regular grapheme-phoneme cor-
respondences were presented only in this strand. Strand III, the spelling
strand, provided for recognition and recall of.monosyllabic werds afranged
in groups that ewphasized 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 ﬁonosyllabic 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
categol’ies° 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 VI,}the comprehension sentgnce étrand, provided practice in read-
ing sentences by requiring the student to select a Word to fil; an empty
"slot" in the sentence. On any given day, a student's lessons could

include exercises drawn from ons to five different strands. -

14



The Stanford CAL curriculum is unique among spelling éattern 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 CATL program
presents spelling patterns both implicitly in <the 5peliing strand and
explicitly in the phonics strand. Second, the spelling patterns chosen
. r other curficulums are usually final consonant (FC), or final unit,
patterns; they arc syllable endings {-AB.-AN -AT) rather than syllable
beginnings (BA- NA- TA-). The Stanford CAI curriculum presents both FC
and initial consonant (IC), of 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)j the audio
played a response request {"type an as in began"), and the studént was
expected to select and type the target spelling pattern (AN or -AN);

Exercise 3 {build-a-word)--the program printed the target(spelling
pattern and two distractors in rand-m order (-AN -AB -AT), additionally
it printed a nonsonant‘or consonar.t clusterl(ST--), the audio played the
response request (”type'Stan"), and the student was éxpected 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 sﬁudents 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 /#t/. However, we need to consider
what rules might relate the orthography of MAT, MATE, MAR, MARE to their
phonetic representations. Knowing the finazl units in these cases pro-
vides more relevant information than knowing the initial units. A
student who 1s 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 usefﬁl in

a pronunciation task.

t'
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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-bzsed decisions need to be made about IC units
in spelling pattern carriculums, 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 Fnglish orthography
to meaning.

Four experimental training trestments 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) 'P' -- practice only with final units of target graphemes;
(4) 'N' -~ practice with neither initial nor final units of target
graphemes.

The reiative utility of these four training treatments was measured
by the ability of subJjects 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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CcCcvC, CVCC, CCVCC. Presumably, 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
eésiest 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 noticéable under the B
treatment than under the N treatment because training external to the
experimental treatments should have a greater effect on tafget 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 indicationvof such én effect would be of interest.

Superior performance by girls in initial reading has long been noted;
this literature was reviewed by McNeil (196L) 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 CAT
program, and Jeffrey and Samuels (1967) also reported a similar absence

of thé-éffecfAiﬁ“théif'éfudy of phonics béséa'initial“feadiﬁgMinstruction.‘.
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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 vowel-phonemes ‘and the sex

of the subjects.

PROCEDURE
- Bubjects
From its inception, the CAI reading program has been provided in a
school in a predominantly Black,economicélly depressed neighborhood.
Within this schbol, 72 subjects, 25 boys and L7 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, thefefore, 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
CAT sessions.
Materials
One set of 24 spelling patterns was devised for each of the five
vowels: A, E, I, O, and U. These five sets of spelling patterns weré

constructed under the following constrainte.
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(1) Of the 2k patterns in each set, & were to be IC units of the
form CV-, 6 were to be IC units of the foerm 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 14k 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
resultipg IC-FC combinations), archaic {HATH and HAST were among the
combinations), slang (LAM, STASH), dialectical (PASH, 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
vocabularieg_gs any other readily avallable set of items,lparticularly
with respect fo items of the limited configurations (CVC, CCVC, éVCC,

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
suwown in Table 1. All IC-FC 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 comtination that resulted in a word was to be ordin-
arily pronounced with the same vowel-phoneme that was associated with fhe
separate IC and FC units during the experiment training period. For
example, -ON was presented as an FC unit associeted 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 /ten/.

(5) There had to be cne 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 éhe IC-
ﬁC 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 epelling patterns taught in the experiment are listed by vowel
in Table 2. The vowel A was associated with the phoneme /=/, E was
associated with /e/, I with /%/, O with /a/, and U with /B/.

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 (CHE- ~ECX), two units for I (CHI- ~-ICX), five
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Table 1
Number of Word and Non-word Criterion Task Ttems

Classified by Vowel and Configuration

cve ceve cvce CcCcvee Total
words 25 20 23 13 81
A -
non-words 11 16 13 13 63
words 1k L 16 8 42
E
non-words 22 32 20 28 102
words 22 17 19 5 63
I
non-words 14 19 17 31 81
words 22 8 12 8 50
0]
non-words 14 28 2k 28 9k
words 20 L 26 12 62
U .
non-words 16 32 10 24 82
words 103 53 96 46 298
Total
non-words 77 127 84 134 koo
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Table 2

Spelling Fatterns Taught in the Experiment

Vowel: A = /&/

CA- CLA- -AD - AND
LA- GRA- -G -AST
RA- SLA- -AM -AK
PA- ~RA- -AN -ATH
MA- FLA- -AB - AMP
HA- STA- -AT -ASH

Vowel: E = /e/

EE- CHE- -ET -END
NE- FRE- -EB -EX
SE- PRE- -EM -ELT
FE- SWE- -EN -ENT
TE- DRE- -EP -EST
LE- SFE- -ED -ELD

Vowel: I = /%/

FI- CHI- -ID -ILT
HI- TWI- -IP -ICK
LI- SPI - -IM -IsK
MI- DRI - -IN -IST
SI- TRI- -IT -INT
DI- SKI- -1G -IMP

Vowel: O = /a/

1LO- CRO- -0D -0CK
HO- F10- -0T -OND
Co- SHO- -OM ~OFT
RO- CLO- -ON -ONG
PO~ PRO- -OB -0OSH
MO~ STO- -0G -0TH

Vowel: U = &/

BU- CRU- -UD -~UNG
SU- DRU- -UP ~UK
HU- SKU- -UM -UMP
LU- GRU- -UG -UNT
MU- TRU- -UN -UST
RU- PLU- -UT -UNK
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units for O (SHO- -OCK -ONG -OSH -OTH), 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 24
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 shous. 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 configuratisn -VC, and 3 were FC units of the configuration -VCC.
This stratification, then, yielded four sets of 3 patterné 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 period 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 triéls in the phonics

strand exercises according to the following schedule:
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Table 3
Number of Subjects Assigned to Each of the

Tive Sets of Spelling Patterns

A B I 0 U Total
Boys b 5 5 5 & 25
Girls 9 10 10 T 11 iy
Total 13 15 15 12 17 T2
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Day 1
3 trials--exercise 1 {copy)
4 trials--exercise 2 (recognition)
3 trials--exercise 3 (build-a-word)
Day 2 |
2 trials--exercise 1 {copy)
L trials--exercise 2 (recognition)

4 trials--exercise 3 (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 thé rhonics 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 fqr 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 1lhil4 IC-FC combinations derived from
the full sét of 24 spelling patterns to which he was assigned. 1In
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 subjeet who then had 10
secohds 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 sot of 144 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 differen£ 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 I units and 6 of
the 12 FC units to which he was assigned, (6 X 6) 36 of the 1lih 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 1kl
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- configuratioﬁ
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
CCVC's, 9 were CVCC's, and 9 were CCVCC's, 1In 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 configuratioms {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, +e., I & CVC, ..., 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 foxr
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. |

Becéﬁse 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.

28



Training Treatment

The'relative effects of the four trainingbconditions--B {training
on both IC and FC units), I {training on IC units only), F (training on
FC units only), and N (traininé 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 deﬁénding on the dispersion of the two
values, it uses the critical value for the maximum dispersion possible
among &all possible pairwise compar%sons. Despite the conservatism of
the hsd procedure, an answer for the major experimental question under-
lying this investigation 1s indicated by the data. As Table 5 shows,
‘both the B and F procedures were superior to both the I and N procédures,
there was no'significanf difference between the B and F procedures, and
there was no significant difference bétween 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 Fhe 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
Y 20.18 .- 85 2.60%%  3.hows
I 21.03 -—- 1.75%%  2,55%%
F 22.78 - .80
B 23.58 ' -

**Gignificant, p < .0l; g 99(14,213) /MS{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 intuitiveiy 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 configurafion, and,
for this reason, separate analyses for configuration effect were per-
formed for words and non-words.

Because the spelling patterns for each squect'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 pfoportion. These proportions were
then ranked for each subject under the four configuration categories.
For each subject, 'l! was assigned to the category with the greatest
proportion of correct answers, '2' to the category with the next greatest
proport£on of correct answers, '3' to the next, and 41! to the category
with the smallest proportion of correct answers.

There was a significant nurver ¢f tied proportioas 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
itemé. The problem of assigning ranks to these data was resolved by
discarding subjects with at léast 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 discardIL
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. WNaturally,
the reduction in sample size reduces the power of the test, but this
reduction is less than that suffered under other methods discussed by
Brédley.

‘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 Firiedman
statistic for comparing ranks and derives & simultanecus test for large

n ffom the following statistic:

|§ [ < q (n- (k-1)) [ = lﬂz i,J = l)“‘-:kv

with probability approximately l-a. ﬁi and.?% are the mean ranks under
treatments 1 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 digferences,

’ﬁi - ﬁjl, fail to exceed the critical constant. Any difference that

exceeds the critical constant for some Ri and_ﬁj is taken to indicate

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, reépectively. Over
all treatments, CVC's and CVCC's were significantly easier than CCVC's
and CCVCC'é 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, and CCVC's were about as difficult as CCVCC's.

It is reasonable to expect an interacticn between configuration and
training treatment. Even though over all treatments, CVCC's were signif-
iéantly 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 fhis 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 54 subjects for the non-word items. The
normél 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 = g = 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 undef the I training treatment CCVC's were signif-
icantly easier than CVCC's at p < .0l. 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(ccve) < p(cvec) = 28
P(CCVC) > P(CVCC) = 25
P(CCVC) = P(CVCC) = 19
Z-value = .275

Among non-word items:

P(ccve) < P(cvee) = 16

P(ccve) > p(cvee) = 38

P(ccve) = p(cvee) = 18

Z-velue = -2.858%*
**Significant, p < .01; 2 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 < .0l. It can be noted from Tabie 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 én 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. Re-
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.
Thz 'Q' statistic is distributed approximately as chi-square with k-1
degrees of freedom when there are X 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 tregatment:

P(correct words) < P(correct non-words) = 10
P(correct words) > P(correct non-words) = 57
P(correct words) = P({correct non-words) = 5
Z-value = -5.620%%
Under the I treatment:
P(correct words) < P(correct non-words) = 14
P(correct words) > P(correct non-words) = 55
P(correct words) = P(correct non-words)'= 3

Z-value = -4.815%%

Under the F treatment:

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

P(correct words) > P(correct non-words) = 53
P(correct words) = P(cofrect non-words) = 3
Z-value = -k4.33h%*
Under the N treatment:
P(correct words) < P(correct non-words) = 19
P(correct words) > P{correct non-words) = 51
P(correct words) = P(correct non-words) = 2

Z-value = -3.705%*

¥%Significant, p < .01; 2 .. = 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-wérds.

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.ing patterns, and the number of words and non~words under
each vowel are shown in T§ble l. In investigéting the vowel-phoneme |
effect, words aﬁd non-wonds were kept separate, and Kruskal-Wallis multi-
sample rank tests were performed for the two sets of data. In ranking
proportions for these tes%s, subjects with tied observations were not
discarded. Using the procgdure discussed by Siegel, mean ranks were
assiggzd to tied observations, and the 'H-value' for tne Kruskal-Wallis
test was corrected for the number of ties that occurred. This procedure
1s Jusfified by Kruskal and Wallis themselves (1952), and seems warranfed
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 Training Treatments

Treatment B I F N
Sample size 6k 6k 6k 6k
Sum 55 50 48 L6

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 ocutcome of any pairwise com-
parison depends on all the populations unéer conéideration; 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 Kruékal-Wallis pro-
cedures. ever, the Steel-Dwass procedures do not permit unequal
numbers o1 ubservations in the population samples, and the Kruskél-Wallis
procedure was therefore used in this investigation.

The two Kruskal-Wallis tests for vowel-phoneme effect are summar-
ized in Table 11. For relatively 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 ﬂ? girls in this study are shown for each

of the four training trestment 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. DBecause 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
Vowe l-phoneme A B I 0 U
Sample size 13 15 15 12 17

Sum of ranks® 504 598 524 hs7 545

H-value (corrected for ties) = 1l.459%

Non-words
Vowe l-phoneme A E I 0 U
Sample size 13 15 15 12 17
- Sum of ranks 510 554 Skl Lob.5 526.5

H-value (corrected for ties) = 2.072%

*Not significant; X?95(h) = 9.49,

aRank 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 Deviatioms, and t-values for Numbers
of Correct Responses by Boys and Girls under Each

of the Four Training Treatments

B I F N

Sample size 25 25 25 25
Boys Mean correct 25.60 23.20 25.72 22,44
Standard deviation 8.81 8.79 8.32 8.88

Sample size L7 L7 b7 L7
Girls Mean corréct 22.51 . 19.87 2l.21 18.98

Standard deviation 10.72 11.30 10.85 11.41

t-values for difference in 1.235% 1l.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 girls' 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 & criterion task that
required subjects to read words and non-words composed of the spelling
patterns taught, Both the B training treatment and the ¥ treatment re-
sulted in performance on the criterion task that was significantly
superior to perfozmanée 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
elght non-words composed of spelling patterns taught in the Stanford
CAT curriculum. Fletcher and Afkinson reported that in réading both the
words and non-words, their 44 CAI subjects were superior to a matched
'sémple of 44 non-CAI subjects. .

The bfactical 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 tﬁe
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 T% more of the criterion task items than they did under *he N
treatment. This gain I 'ess—jbut not significantly less-~than the gain
resulting from the B trestment. 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
underrthe 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 regquired by the F treatment is one-half the
number required by the B treatment.

The usefulness of the F treatmentlis probably not limited to reading
monosyllabic words. Vocabulary gains among polysyllabic words ar also
likely. For instance, reading students may never encounter DIMP or BICK
in isblation, but they may encounter DIMPLE or BICKER and, pr<sumably,
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 éuch
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
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for this ?esult are, first, that it reflects familiarity rgsulting from
the use of FC units.and non-use of IC units in 'linguistic' initial
reading semies, 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, (CVC'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. Aé mentioned earliexr, 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
plauéible. 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 cgsiest 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. 1In 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 duerto subjects' pricr 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 treatments, the
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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 regquired 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 date 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 O = /a/ might indicate
that the former associstion is genuinely easier than the latter for
students in the school district. Dialect differences in phonology be-
tweén the Black English used by neérly all the subjects in this study
and the audio messages recorded fof the Stanford CAI curriculum might
well be reflected by the relative éase or difficulty with which the
student population learns given grapheme-phoneme correspondences.
Sex

Despite the long noted superiority of girls' initlal reading per-
formance over boys', no such effect was evident in this investigation..
This result corroborates similar'findings for CAL 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 CATI sessions.

k.
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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 cﬁrriculum avoids whatever biases ciass—
room instruction in favor of girls' initial reading performance as
successfully as did the phonics instruction given by Jeffrey and Samueils
and the programmed instruction given by McNeil.

Reading as Rule-governed Behavior ‘ r

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 serles of
generative rules for mapping spelling patterns onto more abstract repre-
sentations of language. Whatever these abstract representatlons 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 /i/ in BATHE or as /6/ in BATHROOM,
and stress may explain the palatalization of /t/ in VENTURE and not in
VENTURA.

Obviously, & major contribution to reading research would be to
develop empirically based noticns of how rules of English »rthography
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 *2= 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

o7




ae~ /e/

ca=
lae
raw

pa=
maw
haw

cadew
ladew
ragesnm

padey
magwyw
hadmy

cladew
gragdsw
s) aden

crademn
{1aden
staden

camnden
andww
rancdesw

panden
manden
handesy

clenden
grandew
slangen

crandwn
{ianden
gtangdnw

cla=
gras
slaw

cram
11ae
sta=

cagen
lagew
FaQ®™W

page=n
magen
hagaw

clagon
gragen
slagew

Cragew
flag=w
Stagmw

cagtayw
lastew
rasten

pastew
mastew
haste=n

claston
Orasimn
siastmm

craston
flaaten
stastmn

camey
lamen
PamMumy

pammy
mamen
hamey

clamey
gramey
stamaw

cramesiy
fianew
stamep

cacCkenm
lackew
rackew

paCkoy
mackmw
hackew

clackew
graecken
slackey

crackew
flackmnm
stackmw

wad
LY. 1]
m,m

3N

wab
ogt
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sand
-ag?
=ack

Atk
samp
sagh

caney
janen
raney

pan=y
maney
hapwn

clanew
grarepn
slanen

cranen
flanew
sStanew

cathem
lathew
Pathen

pathew
matheww
hathen

clathen
QPrathen
slathmn

crathen
flathenm
stathwn

cabmy
labww
raben

paben
mabew
haben

claben
grabey
siabey

crabey
flaben
stabew

camp=w
lampey
rampey

pampan
ramps=n
kampen

clampey
grampen
slampen

Crampey
flampmp
gtampmy

Catew
latmu
ratew

patey
matew
hatew

claten
graten
slatwy

craten
flatwy
staten

cashey
Yashey
rashwy

paghen
maghwy
haghey

clashey
grashen
slashwy

crashny
flashuy
stashepn



@ & /e /

boe
new
see-

fom
te=
e

betoyw
net=w
setaw

fogtan
teton
letow

chetan
fretoy
preten

sWeten
dreten
spetan

bendeyw
nenden
sendew

foendey
tendoy
femdaey

chernd=n
frendsn
PrRAndER

swengdun
drongmn
8peRdry

chew
trom
prew

sSyee
drew
spem™

beben
reb®y
sgbwn

feben
tab®n
\ebon

cheban
frebep
prebun

swebnan
drebwpn
speben

bac kaw
nec lkmy
sec Kon

fac kun
tee keon
lee kean

chetkoy
freckon
precken

sWocCkan
dreCiam
SpecCkry

bamen
nemem
sgmen

famen
temsn
leman

chemap
froamem
proOmen

gwemen
dramen
spaman

baltmw
paltan
salten

feltew
telten
el ton

chelten
frelten
preltan

awveltwn
drelten
spelteow

LY 14
LY-1.]
oam

Lok -1,

!!Qp
ogd

29

wand
wee k
oglt

°ant
=¢st
apld

benmw
Ren™AR
sen®w

fonew
teney
fenon

chemop
frenon
pPOR®R

swonen
grenw=n
spanen

bantew
neptmn
sentwy

fenten
tentow
lentww

chenten
frenton
prenten

swent=n
drenten
spontey

bepan
repeon
sepen

fopon
tepen
ep=n

chepen
frapen
pPPrepPeOwW

Bwopen
drepmn
spepen

bestwy
nestey
sesteon

feston
tegtmy
lestwp

chestmy
frestwn
prestey

awesten
drestmy
speston

bedew
madew
sodon

fadeow
todew
}edow

cheden
fredow
predon

swoden
cdreden
spedemy

beldan
nelden
seldmn

foldmn
teldmn
leld=an

cehe)don
fre) den
pral dup

swel dwp
drel gdep
spel den



{ &/ 3/

1=
h{=
Ve

mis
3im
dim

{idew
hidaw
Yidew

midew
a{dow
didmw

chiden
twiden
epidon

ehiltmn
twi{ltan
spittay

drtlten
tr{leun
skiltep

chiw
twie
spis

dris
triw
Blim

fipwn
hipow
Vi{ipow

mipnn
8{pww
dipew

chipmu
Ewipan
spipen

dPripow
tPipow
Bkipwy

tickan
hiekww
Yi{ekow

micken
Si{ekeow
dickew

ehickoy
Cwlcikan
Spickmn

dpickmn
trickwyw
Bkick=n

¢4 rmp
A{mow
1 {man

mimaw
gi{mon
dimew

chimen
twinan
spimepm

drimem
trimow
skimeyw

fiskew
higken
1i{gken

miaknn
s{sken
diskew

ehigkon
Lwighkmn
aplaken

drisken
trigken
skisken

oid
s{p
oim

oln

°ft
={g
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wi{)t
mick
{8k

o{gt
wint
a{mp

tinww
hinen
1{nen

min=n
Sinmw
dinmw

chineyw
twinew
spinew

gripan
trinen
sk{mew

fiatmw
histmn
Yistew

mistey
s{gtmn
disten

chisten
twigstew
gspisten

drigten
trigten
sk{gten

fitmw
R{tmy
IRRLI™

mitenm
af{tmw
diten

thitay
tWwitow
apitey

driten
triten
gkitow

finton
hinteoyw
jintay

ninteyw
sint=an
dinteow

chinton
twintan
gpinten

drinten
trinmngen
skintmn

tigow
higen
1{gen

m{gmnm
8{gen
digaw

chigen
twigew
spig=n

drigen
tr{igey
skigen

fimpan
himpmp
Y{inpmy

mimpen
simpww
dimpan

chimpen
twimpen
spimpon

drimpwn
trimpen
Skimpey
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o=
Y1
cow

Poe
po=
mow

loden
hodww
¢codew

rodew
Podey
moden

crodap
{iedon
shedew

clodsu
PrROd®Y
3tedon

lockow
hoe kwy
cockew

roC ey
poekow
mockaw

CrOCkeyw
{lockew
8hockew

elockew
precken
s¥eckow

cCPOw
{lom
showm

clom
prom
gtom

lotew
hotow
gotuy

Potay
potoy
motey

cPOtan
floten
shotoy

efotew
prPoten
gtotwen

londan
hondan
conden

PORGan
pPOnRGaw
PONden

CPrONnGoRn
fiondmsnm
shonden

elondmn
PrORdaR
stonden

{omen
hommn
comen

rOMeY
pomen
momew

cporap
flommn
shoman

clomen
promey
stomem

joftew
hoftap
goftsm

roften
poften
moftmn

cpofimy
floften
shoft=n

cioftan
profte=n
stofton

vad
L 7. 14
Dom

o°on

aob
20g

61

wock
wond
npfe

LT-1.]¢]
sogh
noth

lon=n
honen
eOoORmY

PORmW
poOneR
MOR®RA

cronen
flonen
shonon

cionen
pronsn
stom=n

longew
honqQow
congan

FORQ®N
pongen
mongen

ePoONgen
$longen
shongen

ejongen
ProRgeyw
stongen

| ebey
Robesw
cobey

PoObwy
pdben
mobww

CPobapn
¢lobeon
Shobwen

cloben
probaep
gtobwn

leehowp
hoshen
cozhepn

roshan
coghwun
moshan

croghen
floahsn
shoshoen

closhep
ProsShen
Stoshepn

1egew
hogrw
cogew

Pogen
pog=n
mogen

CrOgem
floamu
shogemn

celog=w
pPRrOgmA
Btogwm

Jothey

hothen
CoOlhapn

rothan
Pothoen
mothow

CPrOthwmn
fiothan
sShothean

clothey
prothen
gstoth=n



ue/s/a/

bya
sUe
hy=

fu=
my®
PUn

budew
suden
hudepn

fuden
mudey
rUd=Rn

crydenm
druden
skyuden

gryuden
truden
piuden

bungaw
3UnRgewW
RURQewW

fungaw
MYRQER
PURGSW

crUmgen
drungen
akyungen

grungen
tpUNngen
plungen

cru™
gry=
8kyu=

gru=
tpu»
ply=

bupen
Syp*y
hyupen

lup=n
myper
PUpERn

CPUPmA
drup=n
skupen

grupen
trUp=n
plupen

buckey
suChkwmw
hAuekow

fuckwy
myckew

PUCkew

cructhken
dryeken
skuck=n

grycken
truckow
pluckew

bummw
sumey
hum®ew

Tumen
mure w
PUMR W

cPUm=n
arumey
skuman

QPrUmmR
TPUMSRN
plumey

bumpeyw
sump=y
humpew

fump=yw
mump=m
pPUMD®W

crUmMP®y
grumpemnr
skumpen

grumpen
trUmpaw
plumpew

oyd
eyp

ayg

Ouﬂ
ayt
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wUngQ
wyck
symp

mynt
=gt
synk

bugew
sug=n
hugmw

ugmw
muUg™w
PUG™W

crygen
dgrugew
skugen

i
gruge=n
trygen
plugew

buntew
synten
huntww

lunt=n
muUntem
PURE =W

cruUnt=n
drunten
skyntwen

gryntew
CrUmEoR
piyntan

bymew
synew
LIVEL T

1upen
mynen
PURSY

CPyren
dPUnR=n
skunen

gGPURen
trunen
clun=n

bystaw
BuSt=n
husten

fustew
mustow
PUBRaW

CPUStey
agrigten
Skusten

GPUSten
tPUStmy
plusten

butew
syten
Aytew

Jyton
myten
rytow

crPUtan
drutan
skiytwn

grUten
trUtop
pluten

bunkaw
syumMkew
humicmy

funken
runken
runken

CRURKeR
drunkeyw
skunmkmy

grUmkap
trunkew
Plunkey
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car
| gn
L

paw
maw
ha=

claw
aram
aiae

crae
fla=
gtam

mad
Qaq
wamn

@8N
wab
oat

agnd
»ast
oaek

uwath
= anp
wgsh

camers
{andad
rPabb it

pattaern
magi{ e
hogmme P

clatter
grandme
alandar

cprackers
flatcer
stotye

mornad
cdiahrag
proQram

begamn
prefab
acrobat

Jynhamd
econtrask
atteck

footpath

ancamp
potash

6l

eap
lap
rot’

paps
mash
hos

clap
grant
slant

cralt
$lax
sctovf

glad
tag
Jam

plan
nEbd
fat

sani
biast
craek

bath
damp
tpresh



bee
new
sgw

fo=
to-
1o

¢hoe
frew
pree

gwee
dree
spew

LT 14
20b
wem

®aR
agp
sed

“gnd
neek
sglg

“gnt
nodt
woid

bedbug
never
sevan

e Yow
teiephome
lesaon

cheppy
frotful
prosent

swoater
dress{ng
speciea!

reqret
eobweb
enthom

golden
(nstep
ebad

defend
hempeck
hgartfolt

prevent

ppotesgt
beheld
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bel)
nexe
ot ¢

fall
tell
199¢

chess
frogh
proesn

swept
dreas
spell

jot
web
sEom

dgon
stop
red

nend
WwPegk
melt

PE@nt
ves
hold



fim
hiw
=
miw
gie
die

chie
twie
spie

dris=
tple
skie

nid
a{p
wim

o{n
m{t
n{g

wf{lt
m{ek
oisk

o{st
aint
ei{mp

fidey
h{idden
1{sten

minute
s{ster
dinner

chicken
twisted
spimach

driven
tricked
skipped

timid
turnip
pilgrim

cabim
acdmit
whirligig

varderbiit
1ipstick
esteri{sk

dentist

peppermi{nt
shrimp
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fish
A1
14f¢

mix
silk
dish

chil
twi
spil}

dri{ft .
erid
aki]

slid
snip
tim

grin
flie
big

tite
kick
frigk

werist
print
blimp



loe 1ellipop lost

hoe hopped hop
eoe gotton cont
roe robin | roSS
poe pocket pop
moe monRster mose
cros crossing crons
f1ee flocking f1op
shoe shopping shoep
clow closet clop
prow promise prop
stow stockinmg stop
wod ramrod nod
wgt. - apricot mot
=Qm pompom tom

L 1-1,] ypon don
LT-1-) doorkneb job
"og lospfrog dog
wock peacochk Bleck
sond beyend blend
L1144 aloft soft
" ong pfo\eno wWrONng
wosh galouh gosh
SGth disheloth broth
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bye
e
hye

fue
mye
pPye

crye
drye
skye

Grys -

tpye
plue

nyd
syp
aym

*Jg
ayn

nyt

*yno
wyek
=ymp

oynt
wyst
eynk

bycket
sydden
hyndred

\ymber
mystache
ryshed

crysted
depygstore
skulking

grumble
tPumpet
plynrder

rasebyd
katchyp
maxi{mum

bedbug
begun
chestnput

unsuyng
firetpruch
overtpyump

foxshynt

august
ehipmunk

68

buzz
aych
hub

1uff?
mych
rub

erymb
daryb
skul)

agryff
truss
plus

thud
cup
agum

tug

spun
cyt

stung
stueck
fump

sgunt
Just
Junk



