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Children of first , third , and fifth grade reading levels
were presented pseudowords, either first - or fou rth-order
approximations to English with one item missing . Ss
were to guess the name of the missing item . Results
showed a clear developmental trend : first-graders show
no difference in guessing accuracy between the different
orders of approximation. Third and fifth graders show a
difference in accuracy between the orders of
approximation . An interaction of Order of
Approximation by Left-Right Accuracy was found only
for the third and fifth graders . The results were
interpreted to provide support for the not ion that Ss will
use the sequent ial constraints of English orthography
whenever they are evident , provided that they have had
sufficient experience with English .

The study of the nature of processing within
short-term memory has shown that there exists a
familiarity effect in which sequences of letters that are
closer to English orthography are recalled with greater
accuracy than are random strings (Miller, Bruner. &
Postman . 1954). Mewhort (I966 . 1967 : Mewhort .
Merikle. & Bryden . 1969) has shown that this effect of
familiarity of the pseudowords is due to the nature of
the transfer of informat ion into short-term memory . He
has most recently argued (Mewhort & Cornett. 1972)
that there are two familiarity effects-one involved in
the transfer of information from the icon into
short -term memory and one in short -term memory itself.

The familiarity effect is not due to mere guessing
(Mewhort . 1970). Mewhort showed adult Ss eight-item
pseudowords . varying in order of approximation to
English. and asked them to guess a missing item . With
seven of eight items available. and thus a maximum of
context. Ss were able to report correctly 2.3SC. 6.Sc(.
13.1SC . and IS .S,( for zero-. first-. second-. and
fourth-order approximations. respectively. Mewhort
then made calculations to show that the effect of
guessing could account for only a small part of the
familiarity effect.

Lefton (I973) has recently replicated the results
reported by Mewhort (I970) and has shown that the
duration of the stimulus presentation is irrelevant. More
importantly. however. he showed an interaction of the
order of approximation of the stimulus and letter
position-higher order approximations showed greater
accuracy on the right-hand side of the stimulus than did
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zero- or first-order approximations. Lefton argued that
the sequential constraints of English that are provided
by a fourth- order approximation create this interaction
since fourth -order approximations are more constrained
on the right of a stimulus and thus Ss are better able to
guess the names of missing items .

The results report ed by Lefton (I 973) are consistent
with general conceptions of the nature of the use of
English orthography . A logical prediction based on these
results would be that the extent of an individual's
experience with English should , in large part , determine
the nature of the obtained results . Children with varying
amounts of formal training with English provide a
concise test of this prediction . It was hypothesized that
children with more formal training with English would
be able to guess missing items with greater accuracy than
children with less formal training. It was also
hypothesized that an interaction of Order of
Approximation by Left-Right Accuracy would develop
as the extent of formal training increases. To test these
hypotheses . children of three training levels were
presented with pseudowords with an item missing and
asked to guess its name.

~IETHOD

Subjects
Thre e group s. each with 10 children. were used as Ss. The

mean chronological age for each group was 6 years 11 mon ths. 9
years 5 months. and 10 years 4 months. The children were
chosen from first. third. and fifth grade levels of the Lonnie B.
~el son school. Columbia . S.c. All children knew the English
alphabet and had no diagnosed emotional or reading difficulti es.
The reading level of each child was at his grade level or above. as
assessed by teacher judgment on performance on a basic reader
and by performance on the Wisconsin Design Word AHack Skills
test.

Stimuli
Th e stimuli were sewn-item pseudowords chosen from the

lists provided by Hirata & Bryden (1971) . They were either
fir st-order appr oxim atio ns or fourth-order approximations to
English. The stimuli were prepared by placing black lett ers
I l.ettraset lett ers. ~o . IDS, in the center of white cards. 10 x
IS ern: the width of seven lett ers wac 5 ern. These were the same
stimuli used by Lefton 119731. On each stimulus card. one of the
seven letters was replaced with a dash.

Procedure
Each of the three groups of children were shown the same

stimuli. There were 2 orders of app roximation and 7 stimulus
po-ition-: these l-t conditions were arranged in a random order
and replicated seven time'. The first-block of trials \\ a,
considered practice. the remaining 8-t trials were included in data
analysi-. Fach S wa. shown a stimulus card by the l and
instru cted to zues-, the name of the lett er he felt would belonc in
the pseudoword. Ss were allowed to view the stimulus card for as
long a< they de-ired. The I. recorded the Ss response and then
turn ed over the <timulu- card and held up ano ther. A testinc
session lasted approx imately 30 min. -

RESULTS
The number (I f correct ly reported items \\:.15
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Children at G rade I level with relatively little formal traini ng are
not able to make better su esses as to missins ite ms from
fourth- ord er appro xim;t ion r e la t ive t ~ fi rst-order
approx irnation s-caccuracy levels are very low . ab ou t Y ' overall.
and reflect the children 's lack of experience with English
orthography. By cont rast. th ird grade children sho w a dramatic
increase in accuracy for fourth- compared with first-order
approximations. and fifth grade children show still greater
accuracy. The accuracy levels for the lust-order approximation
for all levels remain very low . For comparison. th e result s of the
study reported by Lefton (1973) are presented . The result s are
almo st identical to those of the fifth grade children and sugges t
that. by fifth grade. children can use the seq uent ial constr aints
of Enzlish as adults do . The interaction of Order of
Approximation by Left-Right Accuracy found by Lefton has
bee n replicated with old er children. and as predicted . a
developmental trend was found with an increasing size with
more formal training in Engli sh.

The present results are most reasonable. considering the
extent of an individual's knowledge of English orthography ,
Both children and adults show low levels of accuracy with
first-order approximations to English . Here . there are no
sequential cons train ts of English and each letter is independent
of the next . There should be no left-right effect and accuracy
should be very low . By contra st . fourth-order approximations of
seven items with only one it em missing provide a great deal of
context and accuracv should increase for individu als with
knowledge of Engli sh" orthography. Accuracy should be even
greater on the right-hand side of fourth-order approximations
since fourth-order approximations are more constrained on the
right of an array than on the left-hand side . In su mmary . th e
present re sults show evidence of a developmental trend in the
ability of readers of English to use the sequential constra int s
provided by English orthography.

(Received for publication July 23 .1973 .)
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Fig. 1. The percentage of letters reported correctly is
presented for each grade level for each order of approximation.
The rust three positions of the pseudowords were collapsed, as
were the last three positions. thus. on the absicissa, left is
compared with right for each grade level. Also plotted are the
results reported by Lefton (1973) for adults. These data were
computed in the same manner and are coUapsed across the
duration of the stimulus presentation.

computed for each experimental condition for each 5
and entered into an analysis of variance. with main
variables of grade level (3), order of approximation (2).
left-right of the middle letter (2), and Ss in each grade
level. The main effects and interactions of the
experiment were all very clear, as is presented in Fig. 1.
There were strong effects of grade level. F(2,27) ::: 11.0,
p < .00 1, of the order of approximation of the stimulus
array. F(l.27) ::: 51.4. p < .00 1. and of the left
compared with the right side of the array. F(!.27) :::
14.2. p < .001. The two-way interactions also proved
significant: Grade by Order of Approximation . F(2 .27)
::: 18.0. p < .001: Grade by Left-Right, F(2.27) ::: 4.3,
p < .05: and Order of Approximation by Left-Right.
F(I.27) ::: 30.2. p < .001. The three-way interaction of
Grade by Order of Approximation by Left-Right was
only marginally significant. F(2,27) ::: 3.0 p :::: .06.

DISCUSSION
The predict ions of the study to be tested were (1) that

children with more formal tra ining in Engli sh would show
greater accuracy for fourth-order approximation to English than
for rust-order approximations with respect to guessing. and
(21 that an interaction of Order of Approximation by Left-Right
.Accuracy would develop with an increase in formal training. The
data are most dramatic. bearing out each of the hypotheses.
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