







































































items under each vowel, each configuraticn, and each vowel by configur-
ation 'cell' that resulted from the operational definition of 'word' are
shown in Table 1. All IC-FC combinations and their classification as
words op 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 combinzation that resulted in a word was tobe ordin-

) arily pronounced with the same”vowelwphqneﬁe that was assoclated with the

separate IC and FC units during the expewviment training period. TFor

examble, -ON was presented as an FC unit associlated 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 pronounc’e'd:a:s /tan/.

(5) There had to be one‘monosyllabic and one polysyllabic word that
could exemplify eac£ épelling paftern in the instructional portion of
the experimént° The monocsyllabic exemplér could not be.one of the IC-
FC coﬁﬁinatiéﬁs derivéa from fhe.sﬁélling patterns presented iﬁrthe
experiment. The exemplars for each spelling pattern ;n the experiment
are given in Appendix B.

The spelling patterns taught in the experiment are listed by wvowel

in Table 2. The vowel A was asscciated with the phoneme /e /, E was

assoclated with /e/, I with /&/, 0 with /a/, and U with &B/... ...

Generally, the notation, CC, refers to two consonant letters assocl-
ated with two consonant phonemes. However, three unitsifor A (-ACK -ATH

~ASH), two units for E (CHE~ -EC(X), two units for T (CHI- -ICK), five
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Table 1
Humber of Word and Non-word Cfiterion Task Itemé '

Cléssified by Vowel and.Configuration

ove ceve cvee covee  Total
words .25 - 20 23 13- 81
non-words 11 o 16 13 13 .- B3
_ words Sk 16 8 he
= . ] .
‘non-words 22 .32 .20 » 28 102
words o2 17 19 5 63
non-words - | 19 | i? 31. 81
words 22 8 12 8 50
0 - | |
o non-words 1L 28 2L 28 ok
S words - 20 . L 26 12 62
U
: BON-Wwords 16 - 32 10 ek 8z
. words - - 103 . 53 96 W6 . 298
Total
L non~-words 7 127 8y 13k koo

ez



Table 2

" gpelling Patterns Taught in the Experiment.

Vowel: A = /a&/

- CA- 7 CLA-- . o TLixAD 0 <AND
LA~ GRA- -AG ~AST
PA- CRA- - AN -ATH

© MA- COFLA- T b ZAB . mAMP

HA- STA- -AT -ASH

Vowel: E = (e/_
EE- CHE- BT ~END

 NE-. . FRE~. . -E3 . -EX
SE- PRE- ~EM -ELT
FE- . SWE- - .. . -EN = -ENT
TH- DRE- - -Ep  -EgT

LE- SPE- _-ED. . . -ELD

i Vowel: I = /%/ SRV :
FI- CHI- -ID -ILT

HT- - TWI- Co IR ~TICK
LIi- SPT- -IM -ISK
ML~ DRI- S -IN - -IST
ST- TRT - -IT ~INT
DI~ SKI- - T -TIo ~IMP -

" -Vowel: O = fa/

10- . CRO-. . -0D -0CK
HO- FLO- =0T ~OND
CO- SHC- . -OM. ~0FT .
RO~ CLO- ~ON -ONG
PO-  PRO- ~ -0B . ~OSH
MO~ ~ 8TO- o -0e -0TH

deel: U= /Q/

B~ CRU- .. 2UDt . - =UNG
2U- DRU- -UJP UK
HO- SKUw . - . -TM “UMP -
LU~ GRU- -UG ~UNT
MU- TRU- ~UN =g

RU- PLU- -UT ~UNK
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units for 0 (SHO- -OCK -ONG -OSH -OTH), and two units for U (-UNG -UCK)
required the associstion: of two consorant.letters with a single phoneme.
-Method

. When each subjeét begén the.expefiﬁént, he was :éndomly assigned
to one of the five sets of spelling patterns and then 12 of the 24
spelling pafterns_iﬁ the chbsén set were sélected for training. The
number of subjecfs frained‘on each of thexfive sets éf'spelling patterns
.1s shown in Tablé 3- | |

It should be noted that all randomii'ation required by this investi-
gation used a standard algorithm for generafing random numbers. Van
Gelder (1967) describes this algorithm in his discussion of power residue
pseudc-random numbexr generafors.

Selection of the 12 spelling patterns for each subject's tréining
was stratified so.that 3 of the patterns wg:é'IC unlts 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 cohfiguration -VCC.
This stratification, then, ylelded four sets of 3 patterns each and
within subjects designs for investigatiog the effects of training treat-
ment, configuratibp, and meaningfulness. In the training portion of the
experiment, each éubject received two consecutlve days of practice with
each of the four sets of three spelling patterns that were assigned to
him? yielding a training peried of eight days. The order in which the
four sets of spelling patterns were presented was rendomized for each
subJject. |

Practice consisted of é fixed number of trials in the phonics

strand exercises according to the following schedule:

Coh



Table 3
Number of Subjects Assigned to Each of the

“Five Sets of Spelling Patterns

,A B I 0 V) Total

Boys . h. .5 .5 5. 6. 2

Girls 9 . 10 10 . .7 11 AT
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Day 1

!_l

3 trials--exercise {copy)

N

b trials-~exercise 2 (recognition)
3 trials--exercise 3 (build-a-word)
Day 2

2 trials--exercise 1 (copy)

(recognition)

no

b trials--exercise

L trials--exercise 3 (build-a-word)

A ttrial! consisted of one presentation of each of the three spelling
patterns. Therefore, on each of thé two consecutive days, a subject re-
ceived ten presentatidns of each spelling pattern or a total of 20 pre-
sentations for each spélling:patterﬁ“assigned tp.him. .IECEUSE of a
. warm-up effect apparent in CAT performance date (cf. Wilson and Atkinson,
1968) subjec£s ran for two minutes in their ordinary day's session ex-
clusive of the phonics strand hefore being branched intoc the experimental
treatment. Subjects were signed off when they completed the 30 presen-
tations in the day's experimental treatmenrt. CAIL sessions for the subjects
were slightly more variable in length than normal student sessions.
Segsgicns 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 hadnlo
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 assigngd but who did not know with which 12 patterns eagh subject
was trained, The order fqr‘presénting each set of lhh ICﬂFé.éomBihations
Wasjragdomized fo;_that set. Each test tock 15-25 minutes to adﬁinisteru
Subject's entry Into the tréining portion df the éxpe?imentlﬁas'“.
'staggered’ so that subjects would finish the traininé‘and become read&
for_testing on different days. An attempt was made tp tést each subjéct
on the day following his completion of the 8-déy training perioda..ThiQ
attempt was ggnerally successfui, but dela&s of four days occﬁrred iﬁ |
two instances and eight subjects were tesfed on the samé day.that.fhe&
Tinished the training periodu ” o
Because each subject was trajined on 6 of the 12 IC unitsrand 6 of
‘the 12 FC units to which he was assigned, {6 X 6) 36 of the 1k iC—?C.
combinations on which he was tested fell under the B trainiﬁg tfeatment
_(trainiﬁg on both IC and FC unit). Similariy, anéther 36 of the 1k |
test items fell under the I training treatmenﬁ (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 trainéd with 3 IC units of the CV- configurafion
and 3_FC ﬁﬁits of the -VC configu:ation, 9 of the 36.te§t ltems félling
under the B treatment were CVC‘S._ Similarly, 9 of the 36 B items we?é
CCVC's, 9 were CVCC’S, and 9 were CC#CC'S; In other Words,-each.subject
recelved 36 items under each of the four training treatmenf conditiong

(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 &) 16 treatment

by configuration 'ecells' (B & CVC, B & CCVC, «v., I & CVC, ..., N & CCVCC).

RESULTS

.Table 1l presented earlier shows that the nuhbefs of ﬁofds'énd non-
words undér the differént vowels aﬁd'the differénf éonfiguratibhs.varied
.significantly.‘ There ﬁere.ahmost tWicé aé many words under the vowel A
as under E,. and thefe vere over twice as many words under the CVC con-
rfiguration as under CCVCC. 'That:words were significantly easier for
éubjects 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
.differihg proportions of words and non-words if it uses the number of
correct answers under each vowel and configuration éategony.aé the
measure of interest.

k.Becaﬁse of the varying proportions of words and ﬁon-ﬁdfds,‘analyses
of the vowel, treatment, and configufétion effects were made separately,
and paraliel analyses for words and non-words were perférmed in investi-
gating vowel‘and configuratibn effeétso. When separate analyses were
-perfoermed for words and nonéwords, the data were first transformed to
proportions, and.statistical inferences were dréwn using non—parametrié
technigues. Under these circumstancés the transformation to"proporfions
ﬁas recessary beééuée, aé we might expect, the nﬁmber of total cbrrect
ansﬁeré possible variéd wi&ely between subjects. The difficulties in
 using propértions in parametric tests of statistical inference are legion,
and non-parametric statistical ihference was used when the data under -
consideration ﬁere proportions.
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Training Treatment

The relative effects of the four treining conditions--B (training
on both IC and FC units), 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 fo? this investigation. Means and standard‘deviations
of correct answers over all 72 subjects are reported in Table L for the
four tréining conditions. Table 4 also summarizes the results of a
single-factor analysis of variance for repeated measures (Winer, 1971)
used to investigate'the trainiﬁg'treatment effect. The F-ratio for this
analysig was significant at p <..01, and postdhoc'béirwise éomparisons
of the average number of correct answers made under the fouf treatments
were undertaken using the Tukey 'honestly éignificant diffe;ence';(hsd)
procedure discussed by Winerﬂ"This:procedure uses Tukeyls studenfized
range as does the more common Newman—Keuls procedure but, instead of
adjusting the critical value dependiﬁg on fhe Qispersion'ofrthe two
values, it uses the criticél value for the maximum dispersion possible
among all possible palrwise comparisons. Despite the.consefvatigm of
the hsd procedure, an answer for the major experimentél guéstion under-
lying this investigation is indicated by the data.: Aé Table 5 shows,
both the B and F preecedures were superlor tc both the ijand N precedures,
there was no significant difference between the B‘and:Flprocedures, and
there was no slgnificant difference between the I and N précedures, 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 aboﬁt as poor as the

N procedure in training subjects for the test.
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Table L

Analysis'of Variance for the Four Tr&ining'Tfeatments

Training N B ST ¥ N
Sample size - T2 - 72 72 72
Mean correct - 23.58 21,03 22.78 20.18
Standard deviation 10,14 10.56 - 10,22 10.67

-Analysis of Variance

‘Bum of squares af Mean SQuare ' ¥
Between subjects 29533,901 ' Tl
Within subjects 1705.75 216
Training | 527.12 3 175.51 . 31.75%*
Residual 1178.63 213 5,53

Total ©31239.66 287

**8ignificant, p < .0L; F 99(3,213) = 3.88




Table 5
‘Post-hoc Pairwise Comparisons for Average Correct

“ Answers under the Four Training Treatments

Training | | oy T 7 B
| Mean correct  20.18  21.03  22.78 23.58
N 20.18 ——- .85 2,60%% 3.l+o*¥
T 2103 e Lgser possex
F o 20,78 ” | - I 8o
B 358 |

**Significant, p < .01; g 99(h,213) MS{residuals)/n = 1.25

31




Configuration

Teachers of reading have long noted that items with congonant clus-
ters cor blends are more difficult for students to read than are items
with single conscnants, 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 cenfounded by the different propor-
tions of words and non-words within items of the same configurafion, and,
for this reason, separate apalyses for configuration effect were per-
formed for words and neon-words. |

Because the spelling patterns for each subject's training were
selected at random, the number of word and non-word items.tndér '

‘each configuration category differed from subject fo subject. Therefore,
the number of correct answers each subject achieﬁed under each configur-
ation cétegory was transformed to a proportion. These prdpbrtions were
then ranked for each subject under the four configuration categories.

For each subject, 'l! was assigned fo 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 tht to the category
with the smallest proportion of correct answers.

There was a significant number of tied proportions in these dats;
20 subJects had at least one pair of tied proporticns in the word items
and 9 subjects had at least one pair of tied proportions in the nonsword
-itemQo The problem of assigning ranks to these data was resolved by
discarding subjects with at least cne 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. Thile method yields probability statements that are exactly
tyue for the unambiguous (untied) part of the sample, but it only esti-
mates the exact probability levels for the entire sample. Naturally,
tﬁg reduction in sample size reduces the power of the test, but this
reduction:is lésé than that suffered under oéher methodé:diécussed by
Bradley. . | |

.Tf Meane and standard dEVia%ions of the .ranks for-esch of the four
cpnfigurétibn:categories are given for word items in Téble 6 andifor
ndn—word.ifems in Table 7. There are six palrwise compariséns iﬁ both
séts of dafa,rand these comparisons are also presented. in Tables 6 and
T for word aﬁd non-word items, respectively. These compariéons are
based on‘én hsd procedure that uées Tukey's studentized range statistic
and is discussed by Miller (1966). This procedure uses thg'Friedman
S£atistic for comparing ranks and derives a simultancous tést fof'large
ﬁ_from the following statistic: 

- 1/2 ;
= = (k (k+l o s s
’Ri - RJ] ( (n-l)(k_—l)) [ 12]:1 ] ‘ l,J: l,aqo,k

with probability approximately'l-a,: ﬁi and Ej are the mean ranks under
treatments 1 and j, and, in a8ll, there are n observations ﬁatched and
ranked under the k treatments. The null hypothesis that there 1s no
treatment effect is accepted when all the mean rank differences,

lﬁi - ﬁj!, fail to exceed the critical constant. Any difference that
exceeds the critical constant for scme ﬁé and ﬁj is taken to indicate

a population difference.
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Table 6

Pairwise Comparisons for the Four Configurations of Word Items

‘Configurations | Ve cove .cvee cevee
Sample size - 52 52 50 52
Mean rank™ 2;00 _ L2.90' 1.9% 3.13
Sténdard deviation 1.oi 1.11 .01 .95
éonfigurations ovec-  ove  cove  cevee
Mean rank - 1.96 ' 2.00 12.90 3.13

cvee 1.9 cem U L0h LGk L7k

Ve 2,00 ) . LQO%E - 1.13%%
cove 2.9 R - .23

cevee 313 l : 7}-.=

**Slgnlflcanb, p < Ol, q 99(h 153) LEl&EiE%J = .81

Rsnk 1l wag as 51gned to the conflguratlon with the largest proportlon
of correct answers, rank 2 to the configuration w1th next largest, etc.




s

 ‘Table 7

Pairwise Comparisons of the Four Cbnfigurafions of Non-word Ttems

Configurations = - ove  cove  ovec  covec
' Sample size. 1 | 63 .63 . .63 63
MEan rank’ - 1097 2.83 2.08 © 3,13
Standard deviation . .95 1.06  1.02 1;02
Configurations . . &6 ovec  cove o oevee
~ Mean rénk 1;97 . 2.08 2.83 “' 3.13
cve _' .97 | - .1 .86k 1.16%*7
ovee  2.08 - T5%% 1.05%
cove . 2.83 - -. _— .30
cevee 3.13' o | e

**Significant, p < .01; q 99(h,186) E%%%l;]_ = .73

?Rank 1 was‘assigned to the configuratioq with the largest pr0portionf
of correct answers, rank 2 to the configuration with the next largest,
etc. ‘




The comparisons in Tables 6 and 7 indicate similar results for the
configurafion effect among word and non-word ltems, respectively. Over
all treatments, CVC's and CVCC's were significantly easier than CCVC's
and CCVCC's and there.wére 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 reésonable to expect an interaction 5etwéen configuration and
t#aining treafment, Even though over all treatments, CVCC's were signif-
-iéantly easiei than CCVC's for both word and non-word. items, training on
initial units only should reverse this effect, and, specifically; CCVCls
Shﬁuld be. easier feor subjecfs than CVCC's under the I training tfeatment.
To investigate the possibility of this interaction,.sigﬁ tests were used
tp compare proportions of CCVC's and CVCOC's correct under the T freafment
for both word and non-word items. As in the pairwise comparisons wifh
ranks, subjects with tied observations Wére discarded, yielding 53 sub-
-jects for the word items and 5% subjects for the non—ﬁord,items, The
ﬁormal approximation te the binomial distributlion was used to compute
Zwvalues.for these sign statistics following a~procedur¢ cutlined by
Siegel (1956) and assuming p = @ = 1/2. The results of these two sign
tésts are shown.in Table 8. .The sign test for-words indicated no signif-
iéant difference between CCVC's and.CVCC's,.and the sign test for non-
words indiecated that under the T training treatment CCV('s were signif-
icantly easier than CVCC's at p < .01l. 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

fo

Among word items:

P(CCVC) < P(CVCC) = 28
P{ccve) > p(Cvee) = 25
 p(Ceve) = P(Cvee) = 19

Z-value = .275

~ Among non-word items:

P(CCve) < p(cvee) = 16
p(ceve) > P(cvee) = 38
p(ceve) = p(cvee) = 18
- Zevalue = -2.858%%
**Significant, p < .0l; Z .. = 2.576.

.99

37




Words and Non-words

'Apart from any treatment effect, the number of correct answers given
to an 1tem 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
-re3poﬁses under all four configurations were summed. Again following
Bradley's recommendation, subjecfé.with fied bbéefvations 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 < .0il. It can be ﬁoted from Table 9 that
there were 19 subjects who made proportionall& 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 propdrtions.of correét.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 expérience cnly 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.
The '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). 1In 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 treatment:

P(correct words) <.P(correct nonwworﬂs)-; 10 
P(correct words} > P(correct non-words) = 57
P(correct words) = P(correct ndn-worﬁs) = 5
Zevalue = =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 = -b.815%% o R
Under the F treatment:
| P(correct ﬁor&s) < P(corﬁéct non-words) = 16
" P(correct words) > P(correct non-words) = 53
P(correct words) = P(correct non-words) = 3
- Z-value =_-h.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)

H]
no

Z~value = -3.705%¥

*¥*Signifieant, p < .0l; % 9§ = 2.576.
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for each subject by treatment combination. TIFf the proportion of correct
words was greater,. the cobservation 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. Thls analysis for 6l 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 ef correct words &and non—wofdso'_

Vowel-Phconeme

The possibllity 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 sﬁfficien%iy igtfigﬁing to'wérranf somé.investigation,

. Table 3 shows the number of subjects trained on éach of the five
sets of spelling patterns, and the number of wor@s and non-words under
each vowel are shown:in Table.l,_ In investigating the vowel-phoneme
effect, words and non-words were kept separate, and Kruskal-Wallis mulfi-
sémple rank tests weré pérformed for the two.sets of dééa,-'In ranking
proportioné for these teéts, subjects with-iied_observations were not
discarded. Uéing the procedure 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 Ey Kruskal and Wallis.thémselves (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'Tesf for Relative Proportidns of Correct Words

and Non-words under-the Four Trhining Treatments

|

B

Treatment

I F N
-Sample‘size. 64 6l ey 6k
Sum 55 50 43 L6

Mean over all sums = 49.75
Q-value = 4,206%

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

. discussed by Miller who points out that the outcome of any pairwise com-
..parison. depends on éll the populations under consideration; the same set
of observations from two populations can differ significantly in one
experiment but not in ancther. For this reason, Miller recommends the
Steel-Dwass mulii-sample rank procedures over the Kruskal-Wallis pro-
cedures. However, the Steel-Dwass procedures do not permit unegual
rumbers of observations in the population samples, and the Xruskal-Wallis
procedure was therefere used in this investigation.

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

-ized in Table 1l. For relatively large numbers of observations, H-values

are distributed approximately as chi-sdquare with k-1 degrees of freedom
for 'k treatments. DNeither test indicated a slgnificant effect on item
difficulty due to the vowel-phoneme assoclations.
Sex

The possibllity that girls may out-perform boys is always of inter-
est in tasks relsted to initial reading, and it is of particular interest
AAn regding 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 gilrls' means under-each
of the training treatments. None of these t-values were significant,
but it will be noted that under a2ll four training treatments {he mean
rumber cf correct answers given by boys was higher than the mean number

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

to dally CAIL 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 Eive Vowel-phpnemes

Words
' Vowel-phoneme A E I '"""'Q: U
- Sample size 13 15 . 15 12 ap

Sum of ranks® 50k 5% 52k h5T  5h5

-  H-value (corrected for ties) = 1.450%

Non-words
.Vowe l-phoneme A E I 0 U
Samplé size 13 15 15 1217
S of ranks 510 554 551 496.5  526.5

H-value (cofrecfed for ties) = 2.072%

*Not significant; x295(u)-= 9.49.

®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 Deviatibns, and t-values for Numbers
,bf Correct Responses by Boys and Girls under Each

of the Four Training Treatments

B I F N
Sample size 25 o5 25 25

Boys Mean corfect ' 25.60 - 23.20 25,72 22.h4y
Standerd deviation  8.81  8.79  8.32 . 8.83
Sample size b7 L7 oo ket

Girls Mean correct 22,51 -~ 19.87 21.21  18.9%

Standard deviation 10.72 11.30 10.85 ll.kl

t-values for difference in 1.235%  1.279%  1.811% - 1.317%
means o

*Not significant; t oc(70) = 2.00.. .
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some extent on the school; it might be argued that the criteria for

selecting students for this lnvestigation may have béen biaged 1in 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

Trgining Treatﬁent‘ur

Thé data reflect the value of presenting sPellihg patterns in ini-
tial reading. Teaching spelling patterns to the subjécts in this
investigation resulted in positivé transfer to & criterion task that
iequired gubjects to read words and non-words cbmposea of the spelling
patterns taught, Both the B trainiﬁg Jl:..‘r.;ea“.tment'and' the ¥ treatrent re-

.sulted iﬁ performahce on the critefién task that was significantiy
éuperior tc performance ﬁnder the N treétﬁent;

These data éorroborate earlier resulté reported by Fletcher and
Atkinson (1972) who used a similar criferion task with eigﬁt words and
eight non-words composed of spelling patterns.taught in fhe'Stanford
CAL curriculﬁm, Fletcher and Atkinson reported that in reading both the
words and non-words, their LM'CAI subjects were superior to a matched
sample of 4l non-CAT subjects.

fﬁé practical utility bfﬁﬁhe mefhod is not.ﬁell supported by'the
3 treétment results. Under the B treatment, subjects correctly read
ébout 66% of the items on the criterion tésk'éompared to 56% of the
items under the N tréatment.. Given 240 preéentations—-(6 IC units +
6 FC units) % 20 presentations per unit—;a gain greater than 10% might
ﬁave resulted ffom ﬁresenting the 36 iteﬁs directlyo |

b5




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 the N
‘treatment. This gain is less--but not significantly less--~than the gain
regulting 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_
_upder the B trgatmenta. For instance, the six moderateiy.pfpductiﬁe FC
units -IP, —IN? -IT, -ICK, -INT, and -IMP combine with initial éonsonants
and consonant clusters to yileld about 90 monosyllabic Words,” Furfher,
:At_he nq.mbe_z;‘ of preser_ltations requ_ired by ‘the. i .'trea‘tmen't. is one-~half the
_ number required by the B treatmlenta. _

The usefulness of the F treatmenﬁ is probably nqt_limifgd_to reading
monosyllablic words. Vocabulary gains among polysyliabic wordé.ére éiso
lil;el.yo For instance, reading_sﬁudents may never encountef DIMP or BICK
in.isplation, but they may encounter DIMPLE or BICKER and, presumably,
training;wifh ﬁc units will help them read these new wordsf. |

Beyond . immediate gains in voca.bularyJ however, ié.thé entire issue
of 'learning to learn’ as a form of transéerp If the ofthographic rules
for English zre used in the reading process, tﬁen learning-that sﬁgh
rules exist through practice with gpecific examples_of theseArules used
in concrete applicaticns may constitﬁte an aspect of learﬁiﬁg to learn
in reading, and may be invaluable in initial reading instruction quite
apart from specific increments in students! feadiﬁg vocabularies.

Finally, the superiority of thé T traj‘_ning treatment over the T

treatment with respect to the criterion task 1s notable. Two explanations
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for this result are, first, that it reflects familiarity resulting frqm
the use of FC units and non-use of IC units in '1ingyistig'_initial_x
reading series, and, second, that it reflects the greater information--
of‘reduction of uncertainty--provided by FC uniis on the p;onuncia?ion

of the vowels in CVC's, (CVC's, CVCC's, and CCVCC's. The teachers of
the three moderate-ability first grade classes.from_wh;ch all subjgcts

. were drawn used the Lippincott reeders (1963) during mest of the school
.year‘with most of their students. As mentioned eariler, thesg readers
emphagize FC units, and familliarity 1s one plausible explanation for the
superiority of the ¥ training treatment among these subjects. The second
hypothesis based on the information content of FC units_seems equally
 plau5ible, Although a comﬁrehensive compariscn of ?hé‘informétion-cérried
by IC and FC units is beyond the scope of this study,. informal evidence
such ag 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 easler than the CCVCC's. However, the CVCC's were about
as easy as the CVC's and they were signhificantly easier than the CCVC's
which were asbout 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
COVC'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 bheen peculiar to the particular set of items tﬁey'used,

Some interaction between éonfiguration and training was expected.
Specifically, the I treaiment should have facilitated reading CCVC's on
the eriterion tésk at the'ekpense‘df CVCC's, despite gerierally higher
propbrtions 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 fomer 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 ﬁon-words,'and this expectation was supported by the data.
Words were significantly easier than non-words under each of the four
“trestments.

An interaction of this effect with training treatment was also
exﬁected, Under the N treatment subjects cculd draw only on their prior
experience in reading the criterion task items, and, presumably this
expérience was entirely with words. Under the B tréatment5 the effect
of prior experience could be drasticslly reduced since'the'training was
‘designed only to relate spelling to sound and did not discriminate be-
‘tween words and non-words. This expectatlion was not suppdrtgd”by the
data; no significant effect due to the four training treatments was
.observed on the'proportions of correctly read woxrds relative to non-
words. For that matter, the results seemed to be in exactly the oppesite

direction from that'expected° Among the four training treatments, the
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frequency with which the proporticn of correct words exceeded -the pro-
-pbrtion of correct non-words was highest under the-B ltreatment and.lowest
under the N treatment.

Vowel-phoneme

No effect dué to the vowel-phoneme’ assoeclation required. by the 
'spelling patterns and'the ceriterion 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 itéms with 0 = /a/ were the most difficult. A separate in-
vestigation'that-difectl& compared E-=-/&/ with 0 = /a/ might indicate
‘that the former associdtion is genuinely easier tham 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.pqpulatién:learns given grépheﬁefphongﬁe.ébrfespondencésﬁ

- pex

Despite the long ﬁéted superiority §f giﬁls‘ initial.readiﬁg per-
formance over boys', no such effect was evident in this investigation.
This result corroberates similar findings for CAI 4in initial reading
reported by Atkinscn (1968) and Fletcher and Atkinson (1972). It is
diffieult to say if the absence of superior-performance by girls re-
sulted from CAI itself, from the nature of the CAT reading curriculum,

or from the -removal ‘of the students from classrooms for their CAT sessions.
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Jeffrey and Samuels-(1967) reported a:similar result in their study of
~.phoniecs based initial reading instruetion and so did MelNeil (l964)_inl
kis study of programmed instruction in initial reading given to kinder-
garten students. McNeil's study is particularly interesting bgqause_
superiocr reading performance-by:the girls in his sample pcpulation was
noted after his subjects were advanced te ordinary classroomfinstruction
c.in first grade.

All these studies, including the presgent investigaticn, 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 classrooﬁ
-instruction. The Stanford CAL curricnlum avolds whatever biases class-
room ingtruction 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 mexe passive sensing of a group of passing sensations or

‘impressicns.. It prebably: always involwves -actual :innervaticn cof

museles, and indeed coordinated and organized, we may say unitized,

innervation . of muscles. Certainly on the psychic side there is

an active and more or legs unitized movement of mind, & sense of

inner activity [p. :10k]. o - >

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’ informstlon 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 end. 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 ocntc more abstract repfe-
~sentations of language. Whatever these abstract representations may be,
the xﬁles mapplng spelliing patterns intc them will necessarily be more
complex than the simple grapheme-phoneme correspondences used in this
investigation. For example, morphology mey explain why TH in HOTHOUSE
is pronounced as /th/ rather than as /3/ in BATHE or as /9/ in BATHROOM,
and stress may explain the palatalization of /t/ in VENTURE and not in.
VENTURA.

Cbviously, a major contributicn 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 invéstigation.'
However, systematic studies of English spelling patterns in the sense of
grapheme~phoneme correspondences should ceontinue to be useful in layingr
groundwork. Contradictions mey appear that require a notion such as
lexical representation for their reselution, but, for the time belng,
our information on reading perfofmance with grapheme-phoneme corresg-
pondences can stand considerable expansion before we bEgin investigating
reading competenée 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+~ /f&/

cam
la=
ra=

paw
mae
han

cadeyw
ladew
raden

padwy
madwy
had=w

clagew
gragesw
sladen

‘eraden
Yladen
stagen

canden
langmyw
randew

panden
mangsn
hangww

" clandwn
grandew
slamdwun

_cprandmn
- {1anden
-standww

clam

~ QGrae

slan

craw
flas
sBtaw

cagen
tagmw
ragew.

pagen

magen
hagew

clagenr
dragen
slagew

cragew
flagmw
stagmw

castmy
last=y
rasten

past=w
magtew
hasten

clasten
Qrastmm
slastan

cprastmn
flastmn
stast=n

cammy
tamepm
remey

pamew
mamem
hammi

clammw
gram=w
slamew

cramew
flamww
atammn

cagckmn
lackow
rack=w

packmw

mackmy
mackww

clackww
gracken
slackey

crackew
flackmn

stackmw

wad
"ag
-am
-an

wab
wgt

wand
magt

eack

wath
-amp
magh

canwy
lanen
ranew

pan=w
maney
han=n

clanmw

granen
sfanen

cranen
flanww
staney

cathenm
Jathmy
ratihopn

‘pathww

mathmw
hathen

“elathen

grathen

"slathen

crathmn

flath=n

gstathen

Cobmw
abwew
raben

paben
mabey
habwn

¢laben
grabey

slabew

crabmy
flaban
stabeyw

camo=w
lampew
rampmw

pampen
mampen
hampen

clampwu
grampen
Blampen

grampey
flampanp
stampwy

catww
latmw
ratew

paten
matmw
hatww

claten
gratem

slatew

cratwn
flatmw
staten

cashey
lashew
rashew

pashen
maShwmy
haghwy

‘cliashwy

gragshep
staghwmy

crashey
flashey
stashen




e & Je/

bew
naw
aew

fon
tow
e

-hot-w
net=w
setmyw

fotwn
‘tetepn
latsy

cheten
fretoy
preten

swetmn
dretmn
spet=n

bengwyw
nenden
sendeyw

fendww
tendwy
tendey

. ehendwn
frengen
. PRrendwn

. .swWwenden
drendnn
. apendmy

then
frew
Pre=

Swemwm
dren
spem

bebwrn
nebew
sebwn

feben
taben
lebwn

cheb-h
freben.
preben

sWwepmn
drebw=n
gpeben

beckww
neck=w
secken

fecken
teckon
lecken

chegkey
frecken
precknn

swecken
dreckam
speckmw

bemen
nemmn
samepn

femen
tammn
temsn

cheman
frem=n
premen

swemen
dremen
spem=n

beltmw
relten
seltmn
feltww
telten
telton

chelten
fralten

prelt=n

swelten
drelten

speltsw

=gt

wab

mem

=88R

"ep

mad

- 59

-énd

meek
ralt

- went.

megt
weld

benww
nen=n
sen=w

ten=u
tenew
len=n

chanwp
frensnp
prens=n

swensn
drepep
Y-TLLY,

bantew
nenten

sentey

fenten
tentew
lentmw

. chenten

frentwn

_prent=n

_ Suent=n
. drenten
. Spantew

bep=n
nep=n
sepen

depen

tepsn
lep=n

chepsn
{repnan
prepew

awepwn

dPepwn
spepen

bestwy
nestwy

sesten

festwn

tegstow

lestmn

chegteyw

frestan.
pPPEestmy

Swesten
drestmu
spestan

bedeyw
nedew
seden

fedew
tedew
{edaw

cheden
tredow
predsn

sweden

dredwn
Spedmw

beldwn
nelden
sejden

feldwn
telden
le)den

ethelden

fretden
preidmn

Awelden

drelden

.Spelden




i & 23/

fimw
CRR
1ie

miw
gim
dim

“fidww
hidmw
11dwiy

midew
s{dew
didww

chiden
spi#-n

driden
triden
8kidww

filten
h{ltww
'111§9w

miitew
“a{ltew
dilt-n

“ehilten
Ttwilewn
apiftey

drijten
trfltown
skiltmm

chimw
twiw
Spim

driw
trfe
Bkim

fipeun

" hipwy

Vipew
mipqn
s{pew
dipew

chipwy
twipen

‘spipwn

dripew

tripnyw

sk{pfw

ficken

hiekmw
“Jlekew

micken

s{eknw
dickew

ehickmy

twickon
splickmm

de{ckmn
trickey
skickemn

fimmn
W{may
1{mmn
mimew

gimmn
dimmw

chimen
twimen

spimen

drih-n
trimmw

‘g immy

f{skmy
h{skean

“tiaken

miiknn
s{sksn
diskwy

chigsken
twigken
gp{aken

drigken
trigken

akisken

“id -
“ip
-.‘m g

o{n:
={g"

60

spiney

dninin
R AN
: Y AN, TIY

{1t
wick
"{sk

»{st
={nt
s{mp

tinwy
hinmn
Yinen

minmn

sinmy
dimmw

chinwy
twiney

fintmy

hist=n

fistew
mi#E-w

sistmn
distwn

chistmn

“twWigtey.
~gpigten

-gdr{geepn.
Gotpigten
oskisten.

fitmw
hitmy
litmy

miten
LR
ditwn

chitey
twitmw

Bpitew

de{ten

triten
skitww

finten
hintmw

Slinteyw

mintew
sintsan
dintew

chinten

twintenp

spimten

arinten

trinten.

skint=n

tigww
higen
1igen:

migiﬁ
sigsn
digew

chigen
twigew
spigen

'drigin
- Etrigmw

ski{gen

fimpen
nimpen

Aimpaw

mimpmn

simp=w
dimpsn

chimpen
twimpen
spimpmn

dr{imp=n

trimpen
skimpew




e & /a/

om
hom
cow

row
Fo®
mow

Yoden
hodmy
codew

rodew
podayw
med-n

‘croden
$lodun
shodeyw

clodew
prodew
stoden

“Tookew
“hoekew
cockow

‘POCkew
pockow
mockew

"SProCkmw
‘flockew

Shockew

elochkew

- pregken

Stockeuyw

Crow
{ioe
show

¢loe
prow
Atow

totew
hotwy
gotwy

PoOtwy

. potew

motmy

eroten
floten
ahptgw

clotew
proten

- stotwn

1Qﬂd-n
hondwn
conden

rondwn
pondew
mondan

eroOmYmn
tiondmn

‘shondmn

clendun

pronden
stonden
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hom=s
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pomwn
momew
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wock
mond

~gft

LY-1.1: ]
=pah
moth

lon=pn
honen
conmy

ronmw
panen
monen

cronen

flonen
shohenm

clonen
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~loangew

honQgew
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SrORGeN

pongem
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‘atongen
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hebew
eobsew

rob=w

pob=n
mobaw
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Shobwn

ciob-n
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loshen

hoshep
eosh-n
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eloshen
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ve/a/

by=
syw
hyw

{um
miye
pUn

budmw
Sudenm
hud-n

Tudan
mydey
rudem

crygden
aruden
sSkydep

“@GrUdsn
truden
pluden

bungey
sungew
humgew

Tumgmy
mungun
rYNgnw

cryngem
drungen
akyngmn

QrUNgwn
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cru=
drys
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grye
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bupen
SuUpP"wW
hypen

Tupen

 mupmn

PUP®A

CrUp=n
drup=n
skypwn

GrUpwn
trupmn
plupen

buckew
syck=w
hueckmy

tuckmw
myeaknw
rUCkwew

CPrUCken
drycken
Skucken

grucken
truckew
Pluckmw

Bymaw
Biimey
himey

Tumen
mumew
PUMME

crummn
dpymew
gskymen

prummn’
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plummy

bumpww
sumpmw
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crumpmw
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wyng
=yeck

=yme

=ynt
st
wyunk

bygew
syg=n
Rygmw

fygew
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crugen
drug=w
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synt=n
huntey

tynt=n
muntem
ruUnt=w

cruntem
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Skimten

gruUntew
trynten
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sunmw
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Skyten

gruten
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hunkey
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drunkey
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cam
|a=
Faw

pam
maw
ha=
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staw

~ mad
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wan
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sath
mamp
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eap.
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craft
flax
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q)ad
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Jam
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crack
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sew
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dren
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bel)
Aext
sald

fell.
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melt
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wig
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f{sten
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skipped
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alofte

prolong

calosh
disheloth
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lost

. hop

cost

ross
pop
moss

croes
f1op
shop

‘eleﬁ

prop
stop

nod
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dog

block
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gosh
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aye
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=yd
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sydden
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lumber
mystacke
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gruhb1e
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plundern
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bedbug
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chestnyt

Upsung
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eveprtrump

foxmhynt

auQuUst
chipmynmk
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buzz
sych
hub

Tuft
mych
rub

erymb
drub
skull

gryff
truns
ptue

thud
cup
gum

tug
spun
cye

stung
stuek
tump

stunt
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