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Using an arbitrary cutoff date, school districts regulate which children will begin school. This "nat-
ural experiment" was used to examine effects of age- and schooling-related influences on memory
and 3 levels of phonological segmentation in children who just made vs. missed the cutoff. Group
comparisons over time permitted assessment of schooling influences and Age X Experience interac-
tions. Short-term memory was enhanced by grade one schooling, with no evidence of an Age X
Schooling interaction. For phonological segmentation, both schooling- and age-related influences
appeared, with unique patterns for each level of segmentation. The cutoff method proved sensitive
to important changes in cognitive skills during this age period.

In many Western societies, the period from late preschool
through early elementary school is characterized by wide-
spread, perhaps qualitative, shifts in children's cognitive, social,
and moral functioning. Collectively, the changes have been re-
ferred to as the 5-7 shift (White, 1965). In the intellectual
realm, children's thinking has been described as becoming
more logical (Piaget, 1960) and more abstract (Rogoff, 1981);
memory performance improves as rehearsal and organizational
strategies become more active (Bjorklund, 1987; Ornstein &
Naus, 1978); language skills become more reflective and refined
(Read & Schreiber, 1982); and increased metacognitive skills
yield greater planning, control, and evaluation over the sequenc-
ing of cognitive acts (Case, 1985; White, 1965).

Although their uniqueness may be challenged, the existence
of major changes between ages 5 and 7 is not in dispute. How-
ever, the relative contribution of maturation versus experience
(e.g., schooling) has not been resolved. For most of the past
2 decades, the maturationalist view has dominated theory and
research. The work of Piaget and others (Case, 1985; Kagan,
1984) has emphasized regular, uniform, and seemingly univer-
sal changes in thinking across the age range that appeared in-
ternally driven and controlled by a maturational timetable.
Nevertheless, recent findings have revealed that specific learn-
ing experiences may play a crucial role in the growth of selected
cognitive skills. First, cross-cultural research has documented
major differences between schooled and unschooled children in
growth of perceptual and memory skills, concept development,
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logical thinking, and concrete operations such as conservation
(RogofF, 1981; Wagner, 1981). Second, research on the devel-
opment of specialized knowledge or expertise (e.g., on 10-year-
old chess masters or 5-year-old dinosaur experts; Chi, 1978; Chi
& Koeske, 1983; Chi, Hutchinson, & Robin, 1989) has revealed
the degree to which intensive learning experiences can improve
memory and other thinking skills, at least in the domain of ex-
pertise (Ceci & Liker, 1986). Finally, the superior mathematics
performance exhibited by Japanese elementary school children
over American children (Stevenson, Lee, & Stigler, 1986) ap-
pears to stem in large part from differing parental expectations
and specific instructional practices in and outside school
(Stevenson, Lee, Chen, Stigler, Hsu, & Kitamura, 1990). Taken
together, these findings have reawakened interest in the role
played by specific learning experiences in shaping when and
how cognitive skills develop (Fischer, 1980).

Unfortunately, interpretation of results from cross-cultural
and specialized expertise research is sometimes hampered by a
number of problems, the most serious being participant selec-
tion biases. For example, inferences about the effects of specific
schooling experiences in comparisons between schooled and
unschooled children are confounded by the fact that the chil-
dren who go to school are often those who are thought by par-
ents to be especially bright and likely to benefit from schooling
(see Rogoff, 1981, for discussion). Likewise, superior cognitive
skills of 10-year-old chess masters may reflect developmental
processes in very bright children or in unique learning environ-
ments. As such, the generalizability of the effects to the larger
population of children remains unknown.

In recent years, alternative methods have been developed for ex-
amining age-related versus experience-related (e.g., schooling)
changes in cognitive skills (Bentin, Hammer, & Cahan, 1991;
Bowey & Francis, 1991; Cahan & Cohen, 1989). In our own work,
we have examined the influence of a culturally valued learning
experience (i.e., schooling) through use of a "natural experiment"
(termed school cutoff) that circumvents some, if not all, of the
biases found in other research (Bowey & Francis, 1991). Each
year, school boards proclaim that those children whose birthdate
precedes some specified date will be allowed to go to kindergarten
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or first grade whereas other children who just miss the cutoff will
not be allowed entry. By choosing children whose birthdates clus-
ter closely on either side of the cutoff date, we can effectively equate
two groups of children developmentally on some target psycholog-
ical skill or process. Furthermore, pretest assessments can ensure
equal levels of performance at the beginning of the school year on
the target and other control variables (e.g., IQ, socioeconomic sta-
tus (S.E.S.), preschool experience). By comparing the degree of
change in the target skill from pre- to posttest in children who just
make versus those who just miss the cutoff, one can assess the
impact of the schooling experience on growth of that skill (see
also Baltes & Reinert, 1969; Cahan & Cohen, 1989). Though it is
tempting to place the school learning experience in contrast to
general maturation or development, the more neutral comparison
is between a schooling experience and another kind of experience.

A separate feature of the cutoff methodology permits exami-
nation of possible Age X Experience interactions on growth of
cognitive skills. For example, when the older kindergarten chil-
dren go to first grade they are almost 1 year older than the young
Grade 1 children were when they were in first grade. If growth
of cognitive skills is exclusively a product of the schooling expe-
rience, patterns of change shown by the older kindergartners
over the course of first grade should be identical to those exhib-
ited by the young Grade 1 group a year earlier. If, however, mat-
urational or other age-related influences interact with the
schooling experience, the cognitive growth of the older kinder-
garten children over first grade should exceed that of their youn-
ger grade one counterparts.

There are two potential participant selection biases in this
design. First, if they feel that their child is not optimally ready
for school, parents of eligible children (i.e., those who just make
the cutoff) may elect to hold their child out of formal schooling
for a year or to retain him or her an extra year in kindergarten.
Because children closest to the cutoff date are more likely than
older children to be held out or retained, the potential for biased
sampling must be addressed (Cahan & Cohen, 1989). However,
the percentage of children held out or retained in the local
school district is relatively small—approximately 5% overall
and 10-12% for children born 1 or 2 months prior to the cutoff
date. Furthermore, an independent comparison of background
characteristics of relatively young children who had been either
held out prior to kindergarten, retained an extra year in kinder-
garten, or promoted at the appropriate age revealed no group
differences on measures of I.Q., parental occupation and edu-
cation, and amount of daycare experience (Morrison &
Griffith, in press). Hence, systematic sampling bias in the pres-
ent study is very unlikely. Finally, comparison groups can be
matched, if necessary, on potentially relevant background vari-
ables to eliminate potential sampling biases.

Second, parents of ineligible children (i.e., those who just
miss the cutoff) may attempt to enroll them anyway (when le-
gally permissible) if they feel that the children are ready to
learn. Again, current figures from the local school system re-
vealed that only three underage children (out of a total of 6,700
starting school) were permitted to enter school during the year
of study. In addition, a pioneering study of phonological seg-
mentation that used the school cutoff method (Bowey & Fran-
cis, 1991) failed to uncover any group differences on back-
ground variables such as receptive vocabulary. Furthermore,

their results revealed that the method was sensitive to important
schooling influences and discriminated growth patterns be-
tween phonemic and subsyllabic segmentation.

Nevertheless, Cahan and colleagues (Bentin, Hammer, &
Cahan, 1991; Cahan & Cohen, 1989; Cahan & Davis, 1987)
considered these potential biases serious and, therefore, have
opted to use a different approach, termed the between-grades
regression discontinuity design (Cahan & Davis, 1987), in
which children nearest the school cutoff are explicitly elimi-
nated from consideration. In a recent study using this approach,
Bentin, Hammer, and Cahan (1991) examined age and school-
ing influences on development of phonological awareness in
kindergarten and first-grade children. Large samples of children
spanning the range of birthdates within a given year were re-
quired to isolate the first and last phonemes in spoken words
and in self-generated picture names. Regression techniques
were then used to estimate the independent influences of age
(within-grade) and schooling (between-grade) on phonological
awareness. Within-grade estimates for kindergartners used the
full range of birthdates, whereas, for first graders the estimate
excluded the youngest children with birthdates 2 months prior
to the cutoff. Findings revealed both age and schooling effects
on growth of phonological awareness, with schooling effects
four times larger than age effects.

These two developing methodologies offer distinct, though
potentially complementary, approaches to disentangling age-re-
lated and schooling-related influences on cognitive growth. If
successful, the fresh perspectives offered by these methodologies
will advance our understanding of the nature and sources of
psychological change.

Focus of Inquiry

Ideally, the current methodology would be wedded to a co-
herent body of theory linking schooling with cognitive growth.
Unfortunately, no overriding conceptual framework currently
exists. Rather, localized changes in specific cognitive skills have
been hypothesized to derive from several different characteris-
tics of schooling. For example, changes in memory skills have
been viewed as a by-product of learning to read as well as a
consequence of greater environmental demands for deliberate
memory (Rogoff, 1981). In our own research, we have exam-
ined potential influences of schooling on growth of syntactic
knowledge (Ferreira & Morrison, 1994), development of mem-
ory and causal reasoning in narrative comprehension and pro-
duction (Varnhagen, Morrison, & Everall, 1994), and changes
in arithmetic computational skills and number conservation
(Bisanz, Morrison, & Dunn, 1995). The present article focuses
on the influence of schooling on growth of memory and lan-
guage skills. These two areas were chosen for several reasons.
First, a substantial body of literature in both memory and pho-
nological segmentation provided a solid empirical base for ex-
amining schooling effects (Perfetti, 1985; Rogoff, 1981). Sec-
ond, theoretically motivated predictions about the influence of
schooling could be made in these areas. Third, both memory
and segmentation skills (especially at the phonemic level) have
been directly implicated as important cognitive processes in
learning to read (Perfetti, Beck, Bell, & Hughes, 1987; Rayner
&Pollatsek, 1989).
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Memory

From more than 20 years of memory research, we know that
performance in free recall tasks improves substantially from 4
through about 12 years of age (Ornstein & Naus, 1978). More-
over, one major source of developmental improvement is in-
creased use of active, cumulative rehearsal strategies, indirectly
indexed by a heightened primacy effect in serial position analy-
ses (Belmont & Butterfield, 1971; Hagen, Hargrave, & Ross,
1973) and by observed changes in overt rehearsal (Ornstein &
Naus, 1978). The primacy effect in serial position curves (i.e.,
heightened recall of initial list items) is presumed to reflect
greater or more elaborative rehearsal of earlier list items, facili-
tating transfer of items to long-term memory and subsequent
retrieval (Ellis & Hunt, 1993). As noted, several authors have
hypothesized that changes in memory performance may be a
direct or indirect result of experiences in school. If so, we ex-
pected to find greater changes in memory performance for chil-
dren entering first grade than for the almost age-matched chil-
dren entering kindergarten.

Phonological Segmentation

Several studies have demonstrated strong correlations be-
tween reading scores and phonemic segmentation skills (Fox
& Routh, 1976; Share, Jorm, MacLean, & Mathews, 1984;
Stanovich, Cunningham, & Freeman, 1984). However, contro-
versy has arisen regarding the causal nature of the strong asso-
ciation between growth of phonemic segmentation skills
(so-called phonemic awareness) and success in early reading ac-
quisition. Several studies have revealed clear and specific im-
provements in reading ability following training in phonemic
segmentation. For example, Treiman and Baron (1983) trained
prereaders in segmentation skills and found that the children
later showed success in reading words based on the symbol-
sound correspondences used in the training procedure. Hence,
accumulating evidence has demonstrated that early phonemic
segmentation ability may be a prerequisite for, or at least facili-
tate, success in early reading.

In contrast, others have argued that significant changes in
phonemic awareness come about as a result of exposure to
printed materials (Ehri, 1984;Perfetti, 1985; Read, Zhang, Nie,
& Ding, 1986). For example, Morais, Carey, Alegria, and Ber-
telson (1979) found that adult illiterate Portuguese fisherman
lacked phonemic awareness skills, whereas their recently edu-
cated fisherman counterparts did evidence phonemic segmen-
tation ability. This and other evidence (Ehri & Wilce, 1979)
strongly suggest that reading experience exerts a powerful in-
fluence on growth of phonemic awareness.

Recently, Perfetti (1985) and Perfetti et al., (1987) suggested
that both views may be correct and that learning to read and
growth of phonemic awareness have a reciprocal influence. Spe-
cifically, some appreciation for the phonemic structure of spo-
ken words probably facilitates initial decoding. In addition, and
perhaps more important, exposure to printed materials sig-
nificantly enhances a child's ability to analyze words and to ma-
nipulate speech segments.

One problem in disentangling the cause-effect relation in this
area has been lack of methodological tools capable of discrimi-

nating the effects of schooling from general age-related influ-
ences. The cutoff methodology afforded a reasonable way to test
the nature of the association between phonemic segmentation
and early reading acquisition. Specifically, although kindergar-
ten children are exposed to letters and are read stories, formal
reading instruction does not really begin until first grade in
most North American school systems. If growth of phonemic
awareness develops independently of formal instruction, we
would expect to see significant changes in children's phonemic
segmentation skills over the course of kindergarten. Conversely,
if phonemic awareness is primarily or more strongly influenced
by exposure to formal reading instruction, young grade-one
children should show a more marked improvement over the
year in phonemic segmentation skills. Evidence of change in
both groups of children would confirm Perfetti's notion of re-
ciprocal influence between reading experience and phonemic
awareness. To address these issues, we compared growth of pho-
nemic awareness in children who just made the cutoff for grade
one (i.e., who received formal reading instruction) and in al-
most identically aged children who just missed the cutoff (i.e.,
who received no formal reading instruction).

Two additional issues regarding phonological segmentation
were addressed in this study: First, which segments of speech
do children have some skill in manipulating prior to reading
experience, and second, which segments appear to develop
through exposure to written materials? Existing evidence has
documented that prereading children possess rudimentary skill
in segmenting words into syllables but have greater difficulty
initially segmenting syllables into phonemes (Bowey & Francis,
1991; Fox & Routh, 1976; Treiman & Baron, 1981). Evidence
obtained by Treiman (1985) points to a level of segmentation
ability in prereaders intermediate between syllables and pho-
nemes, the so-called intrasyllabic or subsyllabic level. One pro-
posed type of subsyllabic segmentation postulates a split be-
tween onsets and rhymes (e.g., in the one-syllable word "grasp,"
"gr" would constitute the onset and "asp" the rhyme). We ex-
amined segmentation ability in this study at all three levels: syl-
labic, subsyllabic, and phonemic. We hypothesized that, to the
degree children are capable of syllabic and subsyllabic segmen-
tation prior to formal reading instruction, minimal effects spe-
cific to first-grade schooling would be observed. In contrast, we
anticipated a major increase in phonemic segmentation as a
consequence of first-grade reading instruction because this level
of analysis is initially quite foreign to prereaders. An indepen-
dent investigation of levels of phonological development using
an almost identical procedure (but without a longitudinal
component) was reported by Bowey and Francis (1991). They
compared performance of "old" kindergarten, "young" grade-
one and "old" grade-one children on tasks assessing subsyllabic
(e.g., onset-rhyme) and phonemic segmentation. Using a pho-
nological oddity task (Bradley & Bryant, 1985), they found
that only the two first-grade groups could successfully perform
the phonemic tasks and that these two groups did not differ
from each other. Most first-grade and kindergarten children
showed sensitivity to subsyllabic units.

The second additional issue we addressed was whether
changes across the three levels of segmentation skill would show
a similar (so-called domain-general) pattern or whether changes
would differ across levels of segmentation ability as a function
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of age, schooling, or both in a more domain-specific pattern,
perhaps sensitive to changes in curricular emphases from kin-
dergarten through second grade. Discovery of distinctly differ-
ent patterns of change across levels of segmentation within the
language task or for the memory versus language tasks would
reveal the cutoff methodology to be discriminatively sensitive to
different sources of change in the two domains. If exactly the
same pattern of change occurs across tasks or domains, it would
raise a question about whether other sources of difference be-
tween the groups (e.g., differential motivation or familiarity
with testing situations) might be responsible for performance
changes. In this regard, it should be noted that Bowey and Fran-
cis (1991) found different patterns of schooling effects for sub-
syllabic versus phonemic levels of segmentation.

Method

Participants

Twenty children (10 per group, 6 females and 4 males) were originally
selected. Young grade-one children (Yl) were those who turned 6 in
January or February of the year following entry into grade one, thereby
just making the March 1 cutoff. Kindergarten children (K) turned 6 in
March or April of that year, hence they just missed the cutoff and went
to kindergarten. On average, Yl children were 41 days older than K
children. The March 1 cutoff date for school entry in the local district is
quite late by North American standards. Hence, Yl children in this
study were younger when they started school than are children in almost
all other school districts on the continent. Fortunately, the late cutoff
date permitted assessment of an important educational question,
namely the role of school entrance age on academic achievement
(Morrison & Griffith, in press).

Children were drawn from six elementary schools in predominantly
middle- to lower-middle-class sections of the city (see Table 1 for sum-
mary of background characteristics). All children spoke English as their
first language, and none of the children had any social or behavioral
problems according to school records and teacher reports. At the time
of study, the kindergarten curriculum in the local school system adopted
an informal "learning as play" philosophy with almost no formal aca-
demic emphasis except for some exposure to the letters of the alphabet.
For example, no specific instruction occurred during kindergarten in
learning the sounds of letters or in initial consonant stripping.

Two Yl children were not seen at Posttest 2; the family of one child
moved out of the district, and the other family declined to continue
participation in the study. Despite this attrition, the background char-
acteristics of the remaining sample of Yl children were essentially
unchanged.

Materials

A picture memory test adapted from Baker-Ward (1985) was used for
the memory test. Pictures of colored objects were cut from magazines,
pasted onto black construction paper, covered with a transparent folder,
and placed in a black three-ring binder. Four practice trials were pre-
pared, two each with three and six pictures, respectively. Four separate
sets of experimental trials were also constructed, each consisting of nine
different pictures.

Three sets of 30 words each were selected for the syllabic, subsyllabic,
and phonemic segmentation tasks (see Appendix). Words in the sylla-
bic segmentation task were one, two, or three syllables in length (10
each), whereas the majority in the subsyllabic and phonemic tasks were
monosyllabic (25 of 30) and ranged from two to five phonemes. Seg-
mentation of subsyllabic units (ranging from one to four units) used

a simple rhyme-onset differentiation. Bisyllabic words were segmented
using the same rhyme-onset differentiation either separately within each
syllable for three words (e.g., s-o-d-a) or on the second syllable for two
words (e.g., i-t-em). All words had a standard frequency index of at least
40 in the Carroll, Davies, and Richman (1971) norms.

Finally, reading achievement scores were obtained from the children
with the Wide Range Achievement Test-Revised (WRAT-R; Jastak,
1978). I.Q. scores were also obtained with the Stanford-Binet Intelli-
gence Scale-Revised (Thorndike, Hagen, & Sattler, 1986).

Procedure
Children were tested individually in a quiet room in the school. Once

seated at a table for the memory test, the experimenter said,

We are going to play a memory game. I am going to show you some
pictures. When you look at each picture, I want you to study it hard
because I want you to remember all the pictures that I show you.
When you look at the pictures, if you do anything to help yourself
remember them, say it out loud so I can write it down. Okay? Are
you ready?

The child was then given two practice trials with three pictures, fol-
lowed by two more practice trials with six pictures. Subsequently, chil-
dren were presented four different sets of experimental trials, each with
nine pictures. Pictures were presented one at a time for approximately
5-7 s. As each picture was shown, the experimenter named the object
depicted. The end of each list was signaled by a red piece of construction
paper. At this point, the child was asked to verbally recall as many of the
names of the pictures as he or she could. No direct rehearsal instructions
were given; between each list, however, the experimenter encouraged
the children to overtly verbalize whatever they were doing to help them
remember.

The phonological segmentation test consisted of a training phase and
a testing phase. During the training phase, children were told that they
would hear a word and had to decide how many sounds were in the word
by placing the appropriate number of poker chips in front of them on
the table. They were encouraged to say the sounds out loud as they
placed the chips. If the child's response was incorrect, the experimenter
modeled the correct response, including accompanying verbalizations.
Three consecutive correct responses constituted the criterion for ad-
vancing to the testing phase. All children were successful in the training
phase. During the testing phase, a child's response was counted as cor-
rect only if the right number of sounds was spoken and the correct num-
ber of chips placed on the table. Because all children participated in all
three segmentation tasks, they were run on separate days to minimize
fatigue and other order effects. Order of presentation of language and
memory tasks was counterbalanced across participants.

Testing was conducted on three occasions separated by exactly 1 year,
at the beginning of grade one or kindergarten for both groups (Pretest);
at the beginning of Grade 2 or Grade 1 for the two groups, respectively
(Posttest 1); and at the beginning of Grade 3 or Grade 2 for the two,
groups respectively (Posttest 2). These three tests allowed examination
of the effects of schooling on memory and language development
(Posttest 1) as well as any potential Age X Experience interactions
(Posttest 1 and Posttest 2).

Each fall, testing was initiated shortly after school opened in early
September and completed by mid-October. The average age of the
groups at first testing was approximately 5 years, 6 months (K) and 5
years, 8 months (Y1). On the two subsequent testings, the groups were,
on average, exactly 1 year older.

Results
Background Information

As part of a larger study of the role of entrance age in school
readiness, information on a number of potentially relevant
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background factors was gathered. Included were I.Q., parental
education and occupation, and daycare experience. As depicted
in Table 1, no statistically significant differences were found be-
tween groups on any of the background variables nor did any
consistent pattern of differences favoring either group emerge.
Two factors (I.Q. and daycare experience) tended to favor the
Yl children, whereas the remaining four factors favored the K
group.

For the most part, the background variables revealed the
groups to be representative of the larger population of school
children and families in the area. Most parents had a high-
school or slightly higher education. The mean occupational
rankings ranged from secretarial to managerial or supervisory
positions. The I.Q. scores (111 and 118) seemed somewhat
higher than expected, even for a select sample of school
children.

Memory Task: Recall Performance

A 2 (group) X 3 (testphase) split plot analysis of variance
(ANOVA) was conducted on mean number of pictures recalled
(averaged across four recall trials for each child) with group
(Yl and K) as a between-participants variable and repeated
measures on test phase. Significant main effects of Group, F( 1,
18) = 10.1, p < .0005, and Testphase, F{2, 36) = 15.4, p <
.0005, were qualified by a significant Group X Testphase in-
teraction, F( 2, 36) = 4.4, p < .02. Subsequent analyses focused
on comparisons between Pretest and Posttest 1 and separately
between Posttest 1 and Posttest 2.

Figure 1 depicts recall performance for Yl and K children
across the three testing phases of the study. As illustrated, no
group differences in memory performance emerged at Pretest,
f(18) = 1.39, ns, whereas at Posttest 1 Yl children recalled
significantly more than K children, /(18) = 8.2, p < .001. Sep-
arate comparisons on the change scores (from Pretest to Post-
test 1) confirmed that the degree of improvement in picture
recall by Yl children was reliably higher than that of K chil-
dren, t( 18) = 8.70, p < .001. Somewhat surprisingly, recall per-
formance of the K children did not improve over the year-long
period in kindergarten, t(9) = 0.2, ns. Major improvements in
memory performance in children similar in age appeared to be
almost entirely influenced by exposure to formal schooling in
grade one.

One year later (see Figure 1, Posttest 2), recall performance
of the K children (following grade one) had improved signifi-

cantly, t( 9) = 6.16, p < .001 for change score from Posttest 1 to
Posttest 2, whereas that of the Yl children (now in grade two)
did not increase, t(l) = .42, ns. The degree of improvement in
picture recall from Posttest 1 to Posttest 2 by K children was
significantly greater than for the Y1 children, t(\6) = 6.23,p<
.001. Nevertheless, the degree of improvement of the K group
during their grade one year (from Posttest 1 to Posttest 2) was
not reliably greater than the improvement made by the Yl
group during their first-grade experience (Pretest to Posttest 1,
t[l6] = 1.9, ns). Finally, no group differences emerged on mean
number of pictures recalled at Posttest 2, r( 1.16) = .85, ns.
Hence, for both groups of children memory improvement over
the period studied was directly influenced by exposure to for-
mal schooling in grade one, with no evidence of an independent
or interactive contribution of age-related factors.

Memory Task: Serial Position Curves

Memory strategies used by the two groups were examined by
scrutinizing serial position effects. A 2 (group) X 3 (testphase)
X 3 (serial position) ANOVA was performed on mean percent-
age recalled across serial position with Groups (Yl and K) as
between-participants variable, Testphase (Pretest, Posttest 1
and Posttest 2) as one within-participant variable, and Serial
Position (primacy, Positions 1-3; middle, Positions 4-6; and
recency, Positions 7-9) as the other within-participant variable.

In addition to the aforementioned main effects of group and
testphase, percentage recall differed across the three serial posi-
tions, F(2, 36) = 182.04, p< .0001, and the main effects were
qualified by a significant two-way interaction between serial po-
sition and group, Serial Position X Group F( 2, 36) = 4.61, p <
.01. No other interactions reached significance. As depicted in
Figure 2, levels of performance at pretest did not differ between
groups at any serial position (t values < 1.0 for group compari-
son at three serial positions). As predicted, planned compari-
sons revealed that the Yl group showed significant improve-
ment in primacy recall following their year in first grade, t( 9) =
4.11, p < .01, for comparison of Pretest with Posttest 1, whereas
the K group's primacy recall did not improve over the same
period, /(9) = .02, n s for comparison of Pretest with Posttest 1.
Somewhat surprisingly, a similar pattern of findings emerged
for recall at the middle positions, with Yl children exhibiting
enhanced recall following exposure to first grade, t( 9) = 3.86, p
< .01, whereas recall of K children did not change for the mid-
dle positions, t(9) = .06, ns.

Table 1
Background Information on Kindergarten and Young Grade 1 Children

Variable

I.Q.
Mother's education (no. of years)
Mother's occupational status*
Father's education (no. of years)
Father's occupational status
No. of months in daycare

Kindergarten

111.00
12.80
9.75

14.30
11.20
5.11

Young Grade 1

118.00
11.40
9.00

12.20
10.00
8.00

'(18)

1.20
0.52
0.38
1.10
0.77
0.49

Note. All t values are nonsignificant.
* Occupational status derived from Pineo-Porter-McRoberts (1977)16-point scale (1981 revision).
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Consistent with predictions, the K group showed a sharp, re-
liable increase in primacy recall following their first-grade ex-
perience, t{9) = 4.01,/? < .01 for comparison of Posttest 1 with
Posttest 2, whereas the original Yl group showed no additional
increase in primacy recall following second grade, f(7) = - . 16,
ns for comparison of Posttest 1 with Posttest 2. More impor-
tant, the degree of improvement in primacy recall shown by the
K group during first grade was not reliably greater than the de-
gree of improvement demonstrated a year earlier by the Yl
group, r( 16) = .44, ns for comparison of change scores from
Posttest 1 to Posttest 2 for K group with those from Pretest to
Posttest 1 for Yl group.

Overall, the findings for recall across serial positions rein-
forced the findings for general memory performance and pro-
vided evidence that first grade schooling enhanced use of active
memory strategies (perhaps verbal rehearsal) indexed indi-
rectly by heightened primacy recall following first grade.1

Phonological Tasks: Phonemic Segmentation

A 2 (group) X 3 (testphase) split plot ANOVA with repeated
measurement on testphase was conducted on percentage cor-
rect trials. Significant Group, F( 1, 18) = 8.6, p < .01, and Test
Phase, F{2, 36) = 4.0, p < .05, effects were qualified by a sig-
nificant interaction, F(2, 36) = 3.18, p < .05. As depicted in
Table 2, there were no group differences in phonemic segmen-
tation scores at Pretest, F( 1, 18) = .47, ns. Nevertheless, both
groups made reliable progress in phonemic segmentation skill
during the school year. The K children showed a modest but
significant increase in performance from Pretest to Posttest 1,
t{9) = 8.4, p < .01. In fact, their performance at Posttest 1 (i.e.,
the end of kindergarten) was significantly higher than that of the
Yl children at Pretest (the end of their kindergarten) thereby
revealing on Age X Experience interaction during the kinder-
garten year, /(18) = 4.2, p < .01. More striking, the degree of
improvement from Pretest to Posttest 1 for the Yl children,
/(9) = 11.5, p<. 01, was significantly greater than that of the K
children, t( 18) = 8.9,/? < .001, and Posttest 1 scores of the Yl
children were higher than those of the K children, t( 18 = 7.2, p
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Figure 2. Mean percentage recall at the three serial positions
(primacy, middle, recency) for kindergarten (K) and young grade one
(Y1) groups across the three testing intervals.

< .01. Overall, K children not exposed to formal reading in-
struction did make some progress in learning to analyze pho-
nemes. Nevertheless, far greater advances were made by the al-
most-same-aged children who received formal reading instruc-
tion in grade one. On the surface, therefore, the pattern of
results is consistent with Perfetti's notion that phonemic aware-
ness develops both independently and as a direct consequence
of reading experience. Comparatively, however, formal reading
instruction emerged as the more powerful determinant of
growth of phonemic segmentation in same-age children over the
period studied.

One year later, both groups of children were tested again
(following grade one for the original K children and grade two
for the original Yl children). We reasoned that if significant
improvement in phonemic awareness was predominantly a
product of reading experience, K children should make about
the same degree of progress as had the Yl children. If, however,
the K children surpassed the gains of the Yl children, this find-
ing would reveal that the older children benefitted more from
the formal reading instruction, perhaps due in part to the higher
level of phonemic awareness with which they began first grade.

Table 2 depicts performance on phonemic segmentation at
Posttest 2. As can be seen, the K children made significant prog-
ress segmenting phonemes during grade one (i.e., from Posttest
1 to Posttest 2; t[ 18] = 10.5,/?< .001). Nevertheless, the origi-
nal kindergartners' degree of progress from Posttest 1 to Post-
test 2 was not significantly different from the progress of the Y1
children during their corresponding grade one period, t( 16) =
2.0, ns. In addition, the Posttest 2 level of performance for K
children was not significantly different from that of Yl chil-
dren, t( 16) = .79, ns.

Figure 1. Mean number of pictures recalled by the kindergarten (K)
and young grade one (Yl) groups across the three testing intervals
(standard deviations in parentheses).

1 In addition to findings from serial position curves, evidence of strat-
egy use by children was scrutinized by examining type of rehearsal ac-
tivity during picture presentation. Though findings from this analysis
were suggestive of a schooling effect on use of active, cumulative re-
hearsal strategies, relatively small sample sizes precluded drawing firm
conclusions.
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Table 2
Levels of Performance on Reading and Phonological Segmentation Tasks by the Two Groups of
Children Across the Three Testing Intervals (Standard Deviations in Parentheses)

Task/group

Phonemic segmentation (% correct)
K
Yl

Syllabic segmentation (% correct)
K
Yl

Subsyllabic segmentation (% correct)
K
Yl

Reading achievement (raw scores)
K
Yl

Pre

6.5(3.5)
10.2(4.1)

62.5(18.6)
60.0(20.2)

21.3(15.7)
35.0(21.1)

30 (13.2)
32 (15.1)

Testphase

Post 1

20.8 (6.8)
50.5(11.3)

59.8(16.4)
63.8(18.4)

36.2(18.4)
39.5 (20.7)

32 (14.6)
58 (21.1)

Post 2

52.2(12.8)
56.8(11.8)

60.0(20.1)
91.6(11.9)

57.5(21.6)
59.5(17.4)

54 (20.6)
66 (24.4)

Note. K = kindergarten children; Yl = young grade one children.

Phonological Tasks: Syllabic Segmentation

A similar 2 (group) X 3 (testphase) ANO\A on syllabic seg-
mentation scores revealed that neither Group, F(2,36) = 1.4, ns,
nor Testphase, F( 1,18) = 1.1, ns, yielded significant main effects,
but a significant interaction was revealed, F(2,36) = 3.3,/?<.05.
As shown in Table 2, neither group demonstrated much change in
syllabic segmentation from Pretest to Posttest 1. Finally, a separate
contrast revealed that the overall level of syllable segmenting skill
at Pretest was considerably higher than that of phonemic segmen-
tation,^ 18)= 10.2, p<. 001.

The following year, an unexpected result emerged: An appar-
ent grade two effect. The Yl group showed a reliable, rather
sharp increase in syllabic segmentation scores, rising close to
ceiling, f(7) = 14.57, p < .001.

Phonological Tasks: Subsyllabic Segmentation
Finally, Table 2 depicts performance on the subsyllabic seg-

mentation task. Notice first that Pretest performance levels on
the task were intermediate between the levels attained on the
syllabic and phonemic tasks. In fact, performance on the sylla-
bic task was significantly higher than on the subsyllabic task,
/(18) = 3.89, p < .01, which was reliably above performance on
the phonemic task, /(18) = 3.96, p < .01. A 2 (group) X 3
(testphase) ANOV\ revealed only a main effect of Testphase,
F{2, 36) = 4.5, p < .05, with no effect of group and no interac-
tion. The apparent difference between K and Y1 groups at Pre-
test did not reach significance, t( 18) = 1.65, ns. The pattern of
results from the subsyllabic segmentation task supported the
notion that prereaders possessed greater segmentation skill for
subsyllables than for phonemes but were not as skilled at seg-
menting subsyllables as syllables. Overall, however, little evi-
dence for any unique schooling effects on subsyllabic segmenta-
tion were observed during first or second grade.

Reading Achievement

Finally, a 2 (group) X 3 (testphase) split plot ANOVA was
conducted on reading achievement scores. Significant main

effects of Group, F( 1, 18) = 9.6, p < .01, and Testphase, F(2,
36) = 8.8, p < .01, were qualified by a reliable interaction, F( 2,
36) = 5.3, p < .01. As shown in Table 2, although no group
differences emerged at Pretest, F( 1, 18) = .88, ns, Yl children
outperformed K children in reading at Posttest 1, F( 1, 18) =
3.56, p < .01. Y1 children made significantly greater progress in
reading in grade one than the K children made in kindergarten,
t( 18) = 3.3, p < .01. Clearly, measurable progress in elemen-
tary reading skill was restricted to the group of children receiv-
ing formal reading instruction in grade one.

The K children made significant progress in reading during
grade one (i.e., Posttest 1 to Posttest 2; t[9] = 3.92, p < .01),
but as is evident, they made no more progress than had the Yl
children a year earlier, t( 16) = .50, ns. Hence, the higher pho-
nemic awareness scores of the K children on entering grade one
did not translate into higher levels of reading achievement at
the end of the first grade.

Discussion

Memory Development

Results from the recall and serial position analyses suggested
that growth of immediate memory skills and strategies is pri-
marily a function of exposure to formal schooling in first grade.
Without such experience, same-age children attending kinder-
garten showed almost no improvement in memory perfor-
mance and skills. Furthermore, age of child (older vs. younger)
when receiving first grade schooling did not affect memory de-
velopment. Overall, we conclude that the 5-7 shift is almost ex-
clusively a product of schooling and related experiences, at least
in the limited area of memory development studied here.

The present findings clearly documented the power of the
schooling experience in shaping the memory skills of children
in this age range. Less clear was the exact source of the experi-
ential influences on memory development. At least two envi-
ronmental factors might be implicated. First, memory develop-
ment could be a by-product of reading experience. Most models
of reading (Just & Carpenter, 1980; Kintsch & Van Dijk, 1978)
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postulate the existence and operation of a short-term memory
buffer for rehearsing, recycling, and integrating information
from successive fixations. Because successful comprehension
critically depends on effective use of short-term memory pro-
cesses, greater reading experience in school could provide more
opportunities to exercise and perfect rehearsal and other short-
term memory strategies. In turn, these strategies may generalize
to and be activated by other situations (including psychology
experiments) requiring good memory performance.

Alternatively, memory skills may be directly enhanced by
teacher behavior, classroom activities (Rogoff, 1981), or even
direct instruction. School activities require increased reliance
on memorization and on answering questions from knowledge
in memory as well as on abstract, verbal modes of communica-
tion more dependent on memory processes divorced from sup-
porting stimulus contexts. In general, schooling might increase
the tendency to activate processes aimed at enhancing storage
and retrieval of information needed for effective school
performance.

Finally, the sources of influence on grade one children may
not be restricted to experiences in school. Parents and other
family members of grade one children may treat them differ-
ently than do families of kindergarten children. Parents may
encourage more reading in grade one, purchase more "word"
books in contrast to picture books, and query children about
what they are reading. All these school-related activities in the
home could directly or indirectly enhance growth of memory
skills. Hence, it is probably more accurate to attribute the
differences found in the present experiment to schooling and
related experiences.

Phonological Segmentation

Results for the segmentation tasks revealed a number of in-
teresting findings about the nature and development of word
segmentation skills. First, several findings confirmed the power-
ful influence of formal reading instruction on growth of phone-
mic awareness skills. Young grade one children made significant
progress in segmenting phonemes concurrently with increased
reading instruction. Moreover, advances shown by the kinder-
garten children following their exposure to grade one schooling
were no greater than those of their younger counterparts a year
earlier. Hence, the gains in phonemic awareness in grade one
seemed exclusively a product of reading experience. In addi-
tion, the parallel trends shown by phonemic awareness and
reading achievement curves further reinforced the relative su-
periority of formal instruction in enhancing phonemic segmen-
tation. Thus, phonemic awareness and reading scores improved
when reading instruction occurred. Without reading instruc-
tion, phonemic awareness did not improve as much, and read-
ing scores did not increase at all.

One finding demonstrated that progress in phonemic seg-
mentation occurred outside the context of formal grade one
reading instruction. Kindergartners showed measurable im-
provements in segmenting phonemes and greater improve-
ments than their younger counterparts apparently had during
their kindergarten year. The most straightforward interpreta-
tion of this finding is that aspects of the kindergarten environ-
ment (e.g., rhyming activities, word games, general language

stimulation) facilitated growth of phonemic awareness and that
the older children benefitted more from this environmental
stimulation. Nevertheless, one additional piece of evidence
from this study raised the possibility that a specific facet of early
reading experience, namely learning letter names, may have
contributed to the kindergartner's progress in phonemic seg-
mentation. One part of the WRAT-R requires a child to name
printed letters of the alphabet and point to two letters in his or
her name. At Pretest, all of the kindergarten children could
name all the tested letters. Thus, the children in this study could
recognize many letters of the alphabet before they showed any
skill in phonemic segmentation. Therefore, the possibility that
knowing the letter names and their visual symbols facilitated
development of phonemic awareness during kindergarten can-
not be dismissed. In this regard, it is noteworthy that initial
reading levels attained by the K and Yl groups on the WRAT-
R meant that, on average, they could read a few words. This
finding reinforced the view that some preliminary progress in
word reading is needed before phonemic segmentation can im-
prove substantially.

The present study also examined the levels of word segmen-
tation children could handle prior to and following exposure to
formal schooling. Overall, the findings confirmed recent evi-
dence that prereaders segment syllables reasonably well, seg-
ment subsyllabic units less well, and segment phonemes not well
at all (Bowey & Francis, 1991). Reading instruction in grade
one greatly enhanced phonemic segmentation ability. Syllabic
segmentation showed no change in grade one and a sharp in-
crease in grade two. The reason for the specific increase at grade
two is not entirely clear, though a combination of increased or-
thographic sensitivity, spelling ability, and motivation may push
the child toward perfect mastery at this level of word analysis.
In contrast, though prereaders appeared to possess some rudi-
mentary knowledge of subsyllables, little evidence for any in-
structional effects was observed through the end of second
grade. Improvements in subsyllabic segmentation may emerge
later in elementary school when orthographic units smaller
than the syllable (such as word stems) become more salient in
word decoding.

Finally, the three levels of word segmentation skill showed
distinctly different patterns of change over time. Hence, growth
of phonological segmentation ability did not appear to involve
acquisition of a central, domain-general skill used widely across
different levels of word segmentation. Each level of phonologi-
cal segmentation appeared to undergo its own unique develop-
mental or experiental trajectory.

Results from the present study complement earlier findings
by Bowey and Francis (1991) using the cutoff method and by
Bentin et al. (1991) using the regression discontinuity design in
emphasizing the relative importance of early reading instruc-
tion in shaping growth of phonemic segmentation skills. Al-
though not discounting the importance of maturational change
or informal language enrichment in enhancing some degree of
phonemic awareness, findings from this and related studies sug-
gest that early exposure to formal reading instruction repre-
sents the stronger force molding growth of phonemic awareness.

In this regard, the present results do not necessarily discount
the possibility that other skills, such as rhyming, and allitera-
tion, develop prior to formal reading instruction and enhance
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reading acquisition directly. In a series of studies, Bryant and
his colleagues (Bradley & Bryant, 1985; Goswami & Bryant,
1990) have established that prereading experience in rhyming
and alliteration skills can enhance early reading efforts. Subsyl-
labic segmentation findings (requiring analysis into onsets and
rhymes) from the present study were consistent with these re-
sults. At least initially, children's skill at segmenting subsyllables
was reliably higher than their skill at phonemic segmentation.
Furthermore, no evidence of unique enhancement by schooling
was found in subsyllabic segmentation skills. Hence, individual
differences in activities and experiences prior to school that pro-
mote awareness of subsyllabic or rhyming units may play a
causal role in shaping early-reading success.

Taken together, findings from the present study convincingly
documented that early schooling produced marked and unique
improvements in selected aspects of children's memory and
language development. Furthermore, the pattern of observed
changes differed across the two cognitive tasks and across
different conditions within the segmentation task. This varied
pattern rules out any general factor (such as familiarity or
motivation) differentiating the Yl from the K group. Clearly,
major differences in task familiarity, motivation, or both would
have produced a similar pattern of differences favoring Yl chil-
dren across all tasks and conditions.

The present findings are relevant to current controversies in
education about the relation between a child's entrance age and
his or her school readiness (Meisels, 1992). Motivated by con-
cerns about declining levels of literacy, some educators have
claimed that a major source of educational problems in the
United States and Canada lies in children entering school too
young, when they are not cognitively or socially mature enough
to benefit from formal schooling. Consequently, proposals to
remedy the problem have included raising the age of school en-
try, holding out young entrants from kindergarten, retaining
children in kindergarten an extra year, or adding so-called
"transition" years. Although well-intentioned, such practices
have been criticized by several researchers as misguided and po-
tentially counterproductive (see Meisels, 1992). The present
findings revealed quite clearly that young first graders made sub-
stantial progress in elementary memory and phonemic aware-
ness skills over the course of first grade. They benefitted meas-
urably from the early schooling experience, surpassing an al-
most identically aged group of children who did not receive the
first grade schooling experience. Recall that the relatively late
cutoff date in the local district yielded groups of first graders
who are chronologically the youngest in North America receiv-
ing formal first grade instruction. Because children this young
are learning and thriving, it is reasonable to expect that young
entrants in other school districts across North America will suc-
ceed as well. A more direct examination of this issue is con-
tained in Morrison and Griffith (in press).

Although clearly revealing the power of early schooling to
shape growth of cognitive skills, the present experiments leave
open the question of what aspects of schooling and related ex-
periences are responsible for cognitive growth and exactly how
environmental influences produce change. Despite these limi-
tations, results of the present experiments demonstrated con-
vincingly that the cutoff methodology could prove valuable in

addressing the nature and sources of cognitive growth in chil-
dren during the important 5-7 shift.

References

Baker-Ward, L. E. (1985). An exploration of memorization in kinder-
garten children. Unpublished doctoral dissertation, University of
North Carolina at Chapel Hill.

Baltes, P. B., & Reinert, G. (1969). Cohort effects in cognitive develop-
ment of children as revealed by cross-sectional sequences. Develop-
mental Psychology, 1, 169-177.

Belmont, J. M, & Butterfield, E. C. (1971). Learning strategies as de-
terminants of memory deficiencies. Cognitive Psychology, 2, 411-
420.

Bentin, S., Hammer, R., & Cahan, S. (1991). The effects of aging and
first grade schooling on the development of phonological awareness.
Psychological Science, 2, 271-274.

Bisanz, J., Morrison, F. J., & Dunn, M. (1995). Effects of age and
schooling on the acquisition of elementary quantitative skills. Devel-
opmental Psychology, 31, lli-lib.

Bjorklund, D. F. (1987). How age changes in knowledge base contri-
bute to the development of children's memory: An interpretive re-
view. Developmental Review, 7, 93-130.

Bowey, J. A., & Francis, J. (1991). Phonological analysis as a function
of age and exposure to reading instruction. Applied Psycholinguistics,
12,91-121.

Bradley, L., & Bryant, P. (1985). Rhyme and reason in reading and
spelling. Ann Arbor: University of Michigan Press.

Cahan, S., & Davis, D. (1987). A between grades-level approach to
the investigation of the absolute effects of schooling on achievement.
American Educational Research Journal, 24, 1-13.

Cohen, S., & Cohen, N. (1989). Age versus schooling effects on intelli-
gence development. Child Development, 60,1239-1249.

Carroll, J., Davies, P., & Richman, B. (1971). Word frequency book.
Boston: Houghton Mifflin.

Case, R. (1985). Intellectual development: Birth to adulthood. Toronto:
Academic Press.

Ceci, S. J., & Liker, J. (1986). A day at the races: The study of I.Q.,
expertise and cognitive complexity. Journal of Experimental Psychol-
ogy: General, 115, 225-266.

Chi, M. T. H. (1978). Knowledge structures and memory development.
In R. S. Siegler (Ed.), Children's thinking: What develops?(pp. 73-
96). Hillsdale, NJ: Erlbaum.

Chi, M. T. H., Hutchinson, J. E., & Robin, A. F. (1989). How inferences
about novel domain-related concepts can be constrained by struc-
tural knowledge. Merrill-Palmer Quarterly, 35(1), 27-62.

Chi, M. T. H., & Koeske, R. P. (1983). Network representation of a
child's dinosaur knowledge. Developmental Psychology, 19, 29-39.

Ehri, L. C. (1984). How orthography alters spoken language competen-
cies in children learning to read and spell. In J. Downing & R. Valtin
(Eds.), Language awareness and learning to read. (pp. 119-147).
New York: Springer-Verlag.

Ehri, L. C, & Wilce, L. S. (1979). The mnemonic value of orthography
among beginning readers. Journal of Educational Psychology, 71,26-
40.

Ellis, H. C, & Hunt, R. R. (1993). Fundamentals of cognitive psychol-
ogy (5th ed.). Madison, WI: W. C. B. Brown & Benchmark.

Ferreira, F., & Morrison, F. J. (1994). Children's metalinguistic know-
ledge of syntactic constituents: Effects of age and schooling. Develop-
mental Psychology, 30, 663-678.

Fischer, K. W. (1980). A theory of cognitive development: The control
and construction of hierarchies of skills. Psychological Review, 87,
477-531.

Fox, B., & Routh, D. D. (1976). Phonemic analysis and synthesis as
word-attack skills. Journal of Educational Psychology, 68, 680-688.



798 F. MORRISON, L. SMITH, AND M. DOW-EHRENSBERGER

Goswami, V., & Bryant, P. (1990). Phonological skills and learning to
read. Hillsdale, NJ: Erlbaum.

Hagen, J. W., Hargrave, S., & Ross, W. (1973). Prompting and rehearsal
in short-term memory. Child Development, 44, 201-2-4.

Jastak, S. (1978). Wide Range Achievement Test. Wilmington, DE: Jas-
tak Associates.

Just, M. A., & Carpenter, P. A. (1980). A theory of reading: From eye
fixations to comprehension. Psychological Review, 87, 329-354.

Kagan, J. (1984). The nature of the child. New York: Basic Books.
Kintsch, W., & Van Dick, T. A. (1978). Toward a model of text com-

prehension and production. Psychological Review, 85, 363-394.
Meisels, S. J. (1992). Doing harm by doing good: Iatrogenic effects of

early childhood enrollment and promotion policies. Early Childhood
Research Quarterly, 1, 155-174.

Morais, J., Carey, L., Alegria, J., & Bertelson, P. (1979). Does aware-
ness of speech as a sequence of phonemes arise spontaneously? Cog-
nition, 7,323-331.

Morrison, F. J., & Griffith, E. M. (in press). Nature-nurture in the class-
room: Entrance age, school readiness and learning in children. De-
velopmental Psychology.

Ornstein, P. A., & Naus, M. J. (1978). Rehearsal processes in children's
memory. In P. A. Ornstein (Ed.), Memory development in children
(pp. 69-100). Hillsdale, NJ: Erlbaum.

Perfetti, C. A. (1985). Reading ability. New York: Oxford University
Press.

Perfetti, C. A., Beck, I., Bell, L. C, & Hughes, C. (1987). Phonemic
knowledge and learning to read are reciprocal: A longitudinal study
of first grade children. Merrill-Palmer Quarterly, 33, 283-319.

Piaget, J. (1960). The psychology of intelligence. Patterson, NJ: Lit-
tlefield, Adams.

Pineo, P. C, Porter, J., & McRoberts, H. A. (1977). The 1971 census
and the socioeconomic classification of occupation. Canadian Re-
view of Sociology and Anthropology, 14( 1), 91-102.

Rayner, K.., & Pollatsek, A. (1989). The psychology of reading. Engle-
wood Cliffs, NJ: Prentice Hall.

Read, C, & Schreiber, P. (1982). Why short subjects are harder to find
than long ones. In E. Wanner & L. R. Gleitman (Eds.), Language
acquisition: The state ofthe art (pp. 78-101). Cambridge, MA: Cam-
bridge University Press.

Read, C, Zhang, Y, Nie, H., & Ding, B. (1986). The ability to mani-
pulate speech sounds depends on knowing alphabetic spelling. Cog-
nition, 24, 31-44.

Rogoff, B. (1981). Schooling and the development of cognitive skills. In
H. C. Triandis & A. Heron (Eds.), Handbook ofcross-cultural psy-
chology (Vo\. 4) (pp. 233-294). Rockleigh, NJ: Allyn & Bacon.

Share, D. L., Jorm, A. F, MacLean, R., & Mathews, R. (1984). Sources
of individual differences in reading acquisition. Journal of Experi-
mental Psychology, 76, 1309-1324.

Stanovich, K. E., Cunningham, A. E., & Freeman, D. J. (1984). Intel-
ligence, cognitive skills, and early reading progress. Reading Research
Quarterly, 19, 178-303.

Stevenson, H. W, Lee, S., & Stigler, J. W. (1986). Mathematics achieve-
ment of Chinese, Japanese, and American children. Science, 231, pp.
693-699.

Stevenson, H. W, Lee, S. Y, Chen, S. Stigler, J. W, Hsu, C. C, & Kita-
mura, S. (1990). Contexts of achievement: A study of American,
Chinese, and Japanese children. Monographs ofthe Society for Re-
search in Child Development, Vol. 55, Nos. 3-4.

Thorndike, R. L., Hagen, E. P., & Sattler, J. M. (1986). Stanford-Binet
Intelligence Scale. Chicago: Riverside.

Treiman, R. (1985). Onsets and rimes as units of spoken syllables: Evi-
dence from children. Journal of Experimental Child Psychology, 39,
161-181.

Treiman, R., & Baron, J. (1981). Segmental analysis ability: Develop-
ment and relation to reading ability. In G. E. Mackinnon & T. G.
Waller (Eds.), Reading research: Advances in theory and practice Vol.
3 (pp. 159-198). New York: Academic Press.

Treiman, R., & Baron, J. (1983). Phonemic-analysis training helps chil-
dren benefit from spelling-sound rules. Memory & Cognition, 11,
382-328.

Varnhagen, C. K., Morrision, F. J., & Everall, R. (1994). Age and
schooling effects in story recall and story production. Developmental
Psychology, 30(6), 969-979.

Wagner, D. (1981). Culture and memory development. In H. C. Tri-
andis & A. Heron (Eds.), Handbook of cross-cultural psychology (pp.
187-232). Toronto: Allyn & Bacon.

White, S. H. (1965). Evidence for a hierarchical arrangement of learn-
ing processes. In L. P. Lipsett &C. C. Spiker( Eds.), ,4rfva«ces in child
development and behavior (Vol 2). New York: Academic Press.



EDUCATION AND COGNITIVE DEVELOPMENT 799

Appendix

List of Words Used in the Phonological Segmentation Tasks

All tasks Subsyllabic and phonemic tasks only Syllabic tasks only

ear
in
ape
ink
gas
plan
glare
break
toast
drift
penny
apron
item
vary
soda

art
ox
ask
tar
pin
rate
pray
spit
fence
soft
storm
drink
spend
grasp
flask

Two syllables:

Three syllables:

flutter
private
stupid
pressure
climate
benefit
coconut
gravity
delicate
visitor
relative
definite
regular
typical
popular
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