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Introduction

Age differences within classrooms

In most educational systems, fixed rules apply aswhen children are allowed to start
compulsory education. These rules often stipulateiramum age level (e.g., six years old)
and one or more prescribed school entry dates, (&.&eptember). Once children go to
school, they are usually grouped in year groupg{ades), containing children who are born
within the same period of 12 months. Which childstart in which year group depends on
the applied cutoff date. In England and Wales, dgaample, children born between 1
September and next year’'s 31 August generally lgetorthe same year group. In Flanders
(the Dutch speaking part of Belgium), on the otiend, the applied cutoff date is 1 January.
Consequently, Flemish year groups consist of olildrorn within the same calendar year.
These age-based grouping mechanisms are intendsssuti in homogeneous classes by
putting together students with a similar developtaketevel. Thereby, it is assumed that
children within a year group have correspondingelevof maturation and experience.
Therefore, they can be educated together. Thisnggsan of homogeneity, however, is not
entirely correct, as a year group leaves intactllsmarindividual differences in age. These
age differences may amount to 12 months and ever,mas children for different reasons
(e.g., delayed school entry, grade retention, gekifgping) may be educated in another year
group than can be expected on the basis of thesnological age.

Within their year group, all children take up atear age position. For most children, this age
position is a reflection of their month of birthé@hill, Ford & Goodman, 2002). In which
month or season children have to be born to talkiglaor low age position depends on the
applied cutoff date. In England and Wales, sumnoenbchildren take the lowest age

positions, whereas, in Flanders, autumn-born aldire the youngest in their year group.
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Season of birth effects

Several studies have reported a clear relationstiyween students’ season of birth and their
success in school (Davis, Trimble & Vincent, 19B@itchison & Sharp, 1999; Lien, Tambs,
Oppedal, Heyerdahl & Bjertness, 2005; Menet, Eaginart & Rafferty, 2000; Mortimore,
Sammons, Stoll, Lewis & Ecob, 1988). Thereby, oldbildren are generally found to
outperform younger children within the same yeaugt

Season (or month) of birth effects have been fdondlifferent indicators of school success.
Davis et al. (1980) studied a sample of about 34,08 children and found significant
relationships between children’s month of birth anelir reading, spelling and mathematics
achievement in Grades 1 and 4. A number of UK studilso reported that autumn-born
children are generally overrepresented in the migtreams of secondary education, whereas
the lower streams of secondary education contagheni proportions of summer-born
children (Freyman, 1965; Jinks, 1964; Sutton, 196fyman (1965) recorded the birth dates
of 364 British children with learning problems afodind that half of these children (46.7%)
were born between May and August and, thus, werengnthe youngest in their classes.
Similar studies reported disproportionately highmivers of summer-born children in
referrals for special educational needs (Bookbind€67; Wallingford & Prout, 2000;
Williams, 1964; Wilson, 2000) and for academic oghdévioral problems (Drabman,
Tarnowski & Kelly, 1987; Tarnowski, Anderson, Dradm & Kelly, 1990). Finally, yet
another British study (Gledhill et al., 2002) inglied that summer-born children are at
increased risk of being incorrectly identified @vimg learning difficulties.

There is some evidence that season of birth efiaceslucation diminish as children grow
older. Studies involving samples of lower gradeldtbn, for example, almost invariably
found season of birth effects, whereas studies Wdher grade children did not (Armstrong,

1966; Dipasquale, Moule & Flewelling, 1980). Huttéwn and Sharp (1999) reported season
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of birth effects to be educationally significantagges 6, 8 and 10, but not at age 12. Similarly,
Davis et al. (1980) found clear relationships bemvehildren’s month of birth and their
achievement in spelling and mathematics in GradaadL4, but not in Grade 8. However,
most studies on the persistence of season of éff#itts in education were cross-sectional,
comparing children from different cohorts.

Finally, season of birth effects have not exclugilien found in education. Instead, they are
evident in all kinds of competitive activities inhweh performance is highly correlated with
age and level of maturity, such as sports (Dudir894). Uneven season of birth patterns
have, for example, been found in soccer (Helsem Wanckel & Williams, 2005), tennis

(Edgar & O’Donoghue, 2005) and hockey players (elrLior & Tracze, 2001).

Explanations for the season of birth effect in education

Although the present study will not directly addregpiestions about possible causes of the
relationship between season of birth and schoaless; it was considered useful to review
some of the explanations previous research hasredffdéor this relationship. These
explanations include medical factors, length ofosting and age position effects (Sharp,
Hutchinson & Whetton, 1994).

First, researchers in psychopathology have sugliéstt increased frequency of infections
and vitamin D deficiency during the winter monthaymead to a relatively higher frequency
of neurological problems in children who are bonnthe late spring or summer (Martin,
Foels, Clanton & Moon, 2004). Contrary to this hymsis, however, a recent large-scale
study by Lawlor, Clark, Ronalds and Leon (2006)atoded that the effect of season of birth
cannot be explained by seasonal differences in ¢esyre, maternal nutrition, or frequency
of infections during critical periods of brain déwement. Additionally, the fact that season

of birth effects can equally be found in educati®ywstems where autumn-born children are
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the youngest within their year groups (e.g., BedarBbhuey, 2006) does not support this
hypothesis.

Second, several researchers have argued thatedifies in length of schooling may
contribute to the relationship between season ghkand school success (Fogelman &
Gorbach, 1978). In England and Wales, summer-bloitdren tend to enter infant school one
or two terms later than many of their peers (Glkdtial., 2002). This difference in amount
of schooling may cause summer-born children togperfless well on achievement measures
than do children born in a different season. Algfoumost studies found season of birth
effects regardless of length of schooling (Bell &riels, 1990; Berglund, 1967; Daniels,
Shorrocks-Taylor & Redfern, 2000; Williams, 196&harp et al. (1994) showed that, in a
national representative sample of UK children atend of Year 2, length of schooling was
uniquely and positively related to children’s Startdl Assessment Task scores, at least for
those children who were above 4;4 years old updmodcentry. Likewise, length of
schooling might account for season-bound achieveiéerences in Flemish education, as
winter-born children (January — February — Marctgynspend up to one full year more in
preschool education than their autumn-born peecsof@r — November — December).

Finally, the most reasonable hypothesis is thathefage position effect. This hypothesis
states that the youngest children within a clagsdsadvantaged when compared to their
older classmates. Several possible reasons couldives for this disadvantage. First,
younger children might be developmentally less meathian their older classmates (Martin et
al., 2004). Various neurocognitive functions (e.gttention, self-control) are known to
become more efficient as children grow older. Heryoeinger children might be less well
equipped than their older peers to meet the cagndemands in school. Additionally, there
is some evidence that teachers tend to underestiyoainger children’s academic and social

skills, because they see them as developmentahyaiore (Mortimore et al., 1988). These
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lower teacher expectations might, in turn, influeryounger children’s actual achievement.
Furthermore, the level of instruction adopted ia dhassroom is often tailored to the ability
level of the ‘average’ child. Therefore, instructionight sometime be too difficult for the
youngest children, which causes them to miss megiening opportunities than their older
peers. Most studies that attempted to unravel ¢fhetive importance of the age position
versus the length of schooling found that the ag@tion of a child is the main explanatory
factor for the relationship between season or maftiirth and school success (Bell &
Daniels, 1990; Berglund, 1967; Daniels, Shorrockgtdr & Redfern, 2000; Williams,

1964).

The current study

Most research on the relationship between seasadnirtbf and school success has been
conducted in the UK. In Flanders, on the other hamedearch on this topic is scarce. In
addition to the different cutoff date, the Flemestucational system differs from those in the
UK on at least two other important aspects. Fik#K children rarely repeat a grade.
Consequently, the relationship between childrenantim of birth and their age position
within the year group is rather straightforward this respect, UK studies often use the term
‘relative age effects’ to refer to achievementetiéinces related to children’s month of birth.
In Flanders, however, many children are retainekindergarten or first grade. As a result,
season of birth may not only be related to achiergndifferences within a year group, but
also to differences in retention rates. Furthermoetained children necessarily take the
highest age positions in their class, regardlessheir month of birth. Therefore, grade
retention should be taken into account when stugdgeason of birth effects. Second, Flemish
children differ significantly more from each otharterms of (pre)school experience than do

UK children. As mentioned before, some Flemishdikeih have spent almost one year longer
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in preschool when they enter first grade than softheir first grade classmates. If length of
schooling indeed (partially) explains the seasonboth effect, then the size of the
relationship between season of birth and achievermeght be larger in Flanders than in
other countries or regions.

In addition to the fact that this study investigaseason of birth effects in Flanders, it intends
to extend the existing research in two other imgarivays. First, no available studies have
used longitudinal data to study the persistendbefteason of birth effect over time. Instead,
cross-sectional data from different cohorts weredus® address this issue. In this study,
however, longitudinal data from a single cohortlwi¢ employed to investigate the size of
the season of birth effect between the start ofi&rhand the end of Grade 2. Second, as to
possible interventions to prevent or diminish tleason of birth effect, studies have often
focused on structural changes in school entry @dli¢e.g., Reijneveld et al., 2006). The
present study, however, examines differentiatetiun8on as a possible means to reduce the
impact of children’s season of birth on their agkm@ent.

Specifically, the analyses performed in this stwdye guided by the following main research
guestions. First, can we find a relationship betweseason of birth and grade retention?
Considering the timing of primary school entry itakders, we hypothesized that children
born in the last quarter (October — November — Ddxer) would more often be retained than
their peers born in the first quarter (January britary — March). Second, do the relatively
large age differences between children within thme cohort result in different levels of
mathematical abilities at the start of first gradéére, we hypothesized that non-retained
children born in the first quarter would outperfoahildren born in the last quarter. Third,
how do these age-related achievement differencelyeebetween the start of first grade and
the end of second grade? Based on the results eviiops research, we expected the

mathematics achievement gap between younger amd diildren from the same cohort to



Authors

narrow as children grow older. Fourth, does thisi@ement gap develop differently in
classrooms with frequent differentiated instructactices than in classrooms where there is
less attention for children’s individual learningets? Two hypotheses can be formulated
regarding the effect of differentiated instructioRirst, if classroom differentiation is
predominantly used to provide low performing chelaiwith additional and more appropriate
learning opportunities, it might be expected tHas ttype of support will be especially
beneficial for the youngest children and, thus,| wélduce the season of birth effect in
achievement. On the other hand, if differentiatedtruction targets both low and high
performing children, only small or no relationshipsgay be found between the use of
differentiated instruction and the evolution of thehievement gap between younger and

older children.

Data and method

Participants

The present study was part of a large-scale lodigitll survey in Flemish primary education
(SiBOY, in which a single cohort of children is followéghgitudinally between kindergarten
and sixth grade. Purpose of this umbrella studyoislescribe and explain differences in
children’s educational careers throughout primatycation (Maes, Ghesquiére, Onghena &
Van Damme, 2002). Therefore, a nationally repredes random sample of 122 Flemish
primary schools were selected. The ongoing SiB@ datlection started in September 2002

and involved all children who were in their lastayeof kindergartehduring school year

1:SiBO’ is a Dutch acronym for ‘Schoolloopbanenhiet BasisOnderwijs’ (School Careers in Primary
Education).

2 Flemish elementary education is composed of threprimary and six primary grades. Children norgnall
enter first grade (i.e., the first year of primachool) on September, 1 of the calendar year threysix years
old. Consequently, children in the last year offérgarten are typically between 5 and 6 years old.
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2002-2003. In the present study, data were used the second and third year of the SiBO
study, during which most of the children in the GiBample were in first and second grade.
The initial data set for the present study complrigk children N = 3,990) who were in first
grade in one of the participating schools duringost year 2003-2004. At the start of that
school year, children were between 4;8 and 9;8syedd M = 6.29, SD = 0.44).
Furthermore, the data set contained 50.71% boy1ar&9% girls. Additionally, descriptive
information was available for most children on theiothers’ highest educational degree
(9.87% missing), their parents’ nationality at bi(l.3.88% missing) and the language they
spoke at home with their parents and siblings @.3tissing). About 41% of the mothers
were found to have a degree in postsecondary ednc87% had a high school diploma and
22% had not completed high school. With regard&rtethnic-cultural background, 89.05%
of the children in our sample were found to havégid@ or Western European parents,
5.56% had Turkish or Moroccan parents and the m@m@i5.38% had parents born in other
countries. Finally, 79.52% of the children wereicty native speakers (Dutch), 11.60%
spoke both Dutch and a foreign language and 8.888esno Dutch at home. Because our
random school sample was found to be nationallyessmtative, it was assumed that the
characteristics of the children in our data seermaffl an adequate description of the whole

population of Flemish first graders.

Measures

Mathematics achievement. During the studied two-year period, children’'s @e
mathematics achievement was assessed at threeediff@me points: at the beginning of
Grade 1, at the end of Grade 1 and at the end adlé52. For that purpose, age-appropriate
mathematics achievement tests were used. These wese part of a larger longitudinal

battery of mathematics tests which were construftiedise in the SiBO study. Each of the
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mathematics tests had a number of items in commtintiae preceding and following tests.
Hence, all tests could be vertically equated usintpree-parameter item response theory
(IRT) model (Lord, 1980). Based on this equationserved test scores were converted into
scale scores with a common metric, allowing us twdeh children’s mathematics growth
between first and second grade.

Because most Flemish children are not very famikdh the Arabic number system until
they are in first grade, the mathematics achievérnest for the beginning of first grade did
not contain items involving numeric symbols (Veraeh Ghesquiere, Hendrix, Maes & Van
Damme, 2005). The test consisted of 40 items, eladt in four subtests: Magnitude
Comparison (15 items; e.g., “These are my botiékich picture contains one bottle more
than | have?”), Seriation (10 items; e.g., “Looklas row of cars. Which car is the third car
in the row?”), Counting (5 items; e.g., “Draw nidets in this fungus.”) and Mathematical
Concepts (10 items; e.g. “My figure has five anghMéhich of these figures also has five
angles?”). Internal consistency for the whole tesd, measured by Cronbach’s alpha
coefficient, was considered high and satisfactary (90).

The mathematics test administered at the end sif girade equally consisted of 40 items,
involving numbers ranging between 0 and 20 (Veexthet al., 2005). These items were
clustered in five subtests: Number Sense (10 itengs; “Which number is halfway between
12 and 167?"), Arithmetic Word Problems (10 itemg.e“A chicken has two legs. How
many legs do four chickens have?”), Estimatiornt€ms; e.g., ‘How tall is our teacher? He is
a little shorter than [multiple choice].”), NumbBecomposition (10 items; e.g., “10=2 + 4
+ ?7) and Number Series (5 items; e.g., “10, 13,ZZ% Again, Cronbach’s alpha coefficient
indicated that the test’s internal consistency high (a = .92).

Finally, the mathematics achievement test for tiek & second grade (Hendrikx, Verachtert,

Ghesquiére, Maes & Van Damme, 2005) had 50 itemgjeadl into five subtests: Number
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Sense (10 items; e.g., “By how much is 44 less thea@ hundred?”), Arithmetic Word

Problems (10 items; e.g., “Vicky has 22 buildingdis. How many towers of five can she
build with these?”), Computational Problems (10mite e.g., “40 = [6 x 5] + [? x 5],

Number Series (5 items; e.g., “85, 65, 45, ?”) Mwhsurement and Geometry (15 items;
e.g., “Mark the geometric figure that is not a gaadjle [multiple choice].”). The range of
Arabic numbers used in this test (0 to 100) wassicanably wider than for the mathematics
test administered at the end of first grade. Thze sif Cronbach’s alpha coefficient was

similar to those for the other testz £ .92).

Differentiated instruction. In an extensive questionnaire on teachers’ opsia@md
classroom practices, a number of questions wetedad which assessed the extent to which
teachers took into account interindividual diffezes in mathematical abilities in their
classrooms. Teachers were asked to focus on theematics lessons they had given during
the most recent standard school week. It was asbuinat these lessons would be
representative for the lessons that were givemndutie whole school year. First, teachers
had to indicate how frequently they had used wilstdssroom instruction, had organized
activities in smaller groups or pairs and had givratividual tasks. Specifically, they were
asked to mention the proportion of instructionahdi devoted to each of these teaching
methods. The proportion of whole-classroom mathesahstruction was then used as a
(negative) measure of differentiated instructiorh@éClass).

Second, teachers had to indicate how frequently treed used differentiated instruction
geared toward the lowest or highest achieving obildin their classrooms. Two items
assessed the use of extended or remediating itistrudirected at children achieving low in
mathematics. Another two items assessed how frélgurachers had used extra high-level

instruction and offered additional exercise oppuoties to children showing high
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mathematics performance. All four items were rated four-item Likert scale, ranging from
1 (neve) to 3 @t least 5 times Two continuous variables, DiffLow and DiffHighyere
constructed for use in the analyses by averagiagntlividual item scores for each pair of

items.

Age-related variables.For three children, no birth dates could be reedrdecause they left

their school in a very early stage and moved touaknown destination. Based on the
available data, a number of binary age-relatedaboées were constructed. A first variable,
IsDelayed, indicated whether or not children westol their age-appropriate grade level at
the start of first grade (e.g., due to grade reentr delayed school entry). As successfully
promoted children in our sample were typically bain1997, the children in the delayed
group were born in 1996 or earlier. A small numdsiechildren, born in 1998, were found to
have skipped a grade and, thus, were above the deadl expected on the basis of their
chronological age. These children were marked Isga@nd variable, IsAdvanced. Finally,
four binary variables indicated whether childrenreveorn in the first quarter (January —
February — March), second quarter (April — May -ae)u third quarter (July — August —

September), or fourth quarter (October — Novembieeeember) of their year of birth.

Procedure

The mathematics achievement test for the beginafnfiyst grade was administered in the
second week of September 2003, when children hradd spent one full week in their first
grade classrooms. Tests for the end of first aedetid of second grade were administered
during the last week of May 2004 and the last wafdllay 2005, respectively. All tests were

administered simultaneously to all children in eal@ssroom.

12
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Teacher questionnaires were sent to the partiogathools in November 2003 (first grade)
and in November 2004 (second grade). If two teachare assigned to a single classroom,
both teachers were asked to complete a questi@nnBgachers who did not return their
guestionnaires within a reasonable period of tinerewmcontacted again in an attempt to

maximize response rates.

Results

Grade retention and season of birth

Not all children from our initial sample of firstapers N = 3,990) progressed successfully
through the early years of education. First, 288odn (7.09%) were found to be repeating
first grade during the first year of the study (2#D04). Additionally, based on their birth
dates, 208 of the first-time first graders (5.2M&re found to have been delayed earlier in
school (e.g., in kindergarten). In sum, 12.30%haf 8,990 children in first grade grade were
delayed. At the end of first grade, not all childneere promoted to second grade: 60 were
referred to special education (1.50%) and 294 wet&ned in first grade (7.37%). In sum,
only 3,193 children (80.03%) from our initial sammplere still in the age-appropriate grade
at the end of the second year of the study (20@5R0To investigate the relationship
between season of birth and grade retention, we data from the children who were in first
grade for the first time during the first year bétstudy and who were not referred to special
education after first grade (N = 3,644). Withinstigroup, birth quarter frequencies were
compared for the children who were still in the -ag@ropriate grade and those that were not.

For both groups, Table 1 displays the number dfioém born in each quarter.

< TABLE 1 about here >
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Results of a chi-square test of independence iteticnat a significant relationship existed
between season of birth and school dejgg3( N = 3,644) = 81.01; p <.001). Most children
in the delayed group (38.58%) were born in the tpgtrter of their year of birth, whereas
only 12.64% were born in the first quarter. Additiddly, about 20% of the children in our
initial sample who were born in October, NovemlmerDecember were found to be delayed
by the end of the study. For children born in Japuaebruary, or March, this proportion was
only 6.43%. Analogous proportions for the childtearn in the second and third quarter lay

between those for both other groups.

Season of birth and initial mathematics achievement

The second research question that guided this stodgerned the relationship between
season of birth and mathematics achievement asttre of primary education. In order to
avoid estimation bias, these analyses included onmilgren who were in first grade for the
first time during school year 2003-2004 € 3,707). Initial mathematics achievement scores
were available for 3,593 first-time first graders 119 schools. Two schools failed to
administer the test to their pupilN (= 34) and, as far as information on individual
nonresponse was available, it was concluded thasing achievement scores for the
remaining childrenN = 80) were due to a variety of reasons (e.g.ed#). Because the
proportion of missing mathematics scores was omiglk it was assumed that the possible
bias in the estimation of the population paramedersto missing data would be trivial.

To investigate whether group differences in math@amgerformance at the start of first
grade existed between the four birth groups, alevel regression analysis was performed in
MLwiN (version 2.02; Rasbash, Browne, Healy, CamefoCharlton, 2005), thereby taking

into account the clustering of students in schodlismodels were adjusted for measurement
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error using the methddoutlined by Raudenbush and Sampson (1999). Theltseare

summarized in Table 2.

< TABLE 2 about here >

Children who were born in January, February, or dlashowed, on average, significantly
higher mathematics achievement at the start of §rade than later-born children. Not
surprisingly, the largest achievement differences icund between children from the first
and the fourth quarter of their year of birth=-3.27). Expressed in terms of Cohed's
(Cohen, 1992), this difference represented a meeleféect ( = .45). The achievement gaps
between the oldest group and both intermediatepg;can the other hand, were small at most
(d < .30).

These results, however, did not take into accohatfact that a considerable number of
children in our sample were retained in kindergatiefore they entered first grade. Because
grade retention was found to be related to seakbintb, it was considered useful to examine
whether season of birth effects on achievement deterent for delayed than for regularly
promoted children. Delayed children born in thetfouarter scored, on average, 6.70 points
lower on the mathematics test at the start of §ratle than children born in the first quarter
who had progressed regularly. This difference megmted a large effecd € .89). More
importantly, however, our data suggested an oppasiationship between season of birth
and mathematics achievement within the delayed pgrewith younger delayed children
tending to score higher on the initial mathematest than older delayed children. Because

the standard errors for the parameters involviegrédtevant variable, IsDelayed, were rather

% Because the mathematics score used in the pratseiytwere obtained through an IRT analysis, thegew
assumed to represent children’s true mathematihiies. Additionally, the IRT model produced estited
standard errors for all individual mathematics ssoin all models in this study, it was assumetltthalevel-1
variance was known and equal to the square of thiaselard errors.

15
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large due to the small numbers of delayed childreneach birth quarter, only the
mathematics achievement difference between delayédiren born in the first and the fourth
quarter was found to be statistically significafinally, within the regularly promoted group,
achievement differences between the four birth ggouere about equal to those found in the
analysis that did not take grade retention intcoant The average achievement difference
between regularly promoted children born in thestfiand the fourth quarter was still

moderated = .43).

Season of birth and mathematics growth

After the initial assessment of children’s mathaoatskills at the start of first grade,
children were retested at the end of first gradd ah the end of second grade. The
mathematics test for the end of first grade wasiadtered to 3,574 children in 120 schools.
One school, with 44 pupils, did not administer tieist to any of its pupils. The other children
with missing achievement data for the end of fgsade N =89) were spread over the
participating schools. As indicated before, a sattsl number of children left the study at
the end of school year 2003-2004 because theyrngtamed in first grade or were referred to
special education. An additional group of childiteft the study because their school ended
its participation in the studyN(= 6) or because they moved to a nonpatrticipatictgpal

(N =116). Eventually, 3,231 children from our samplere found to be in second grade
during school year 2004-2005. At the end of thabst year, the mathematics test for the end
of second grade was administered to 3,156 childneb20 schools. Again, children with
missing achievement datl € 75) were spread over numerous different schools.

To model children’s mathematics achievement grdvettween the start of first grade and the
end of second grade, achievement data were usedalicchildren who were not retained in

first grade, who had not changed schools duringsthdied two-year period and for whom
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mathematics scores were available for at least a@inthe three measurement occasions
(N = 3,187 in 120 schools). Multilevel growth cumedeling (Singer & Willett, 2003) was
used to estimate separate linear growth curveslfoselected children and their schools.
Thereby, a time variable was used with values 0&8]1 and 20.76, representing the
difference in months between 1 September 2003 tlangrescribed test administration dates
for the measurement occasions at the beginningstfgrade, the end of first grade and the
end of second grade, respectively. Consequently, itliercept of each growth model
represented children’s mathematics achievement kavthe start of first grade. Intercepts
and slopes were allowed to vary between schooldatwieen pupils within schools. In a first
model, an overall growth rate was estimated, wisegea&econd model estimated separate
growth rates for children born in different quasteA final model investigated whether the
relationship between season of birth and mathemgtiowth was different for children who
were retained before they entered first grade. el@lcontains parameter estimates and
standard errors for all relevant variables include@ach of these three models, as well as

estimates of the multilevel variance components.

< TABLE 3 about here >

Children’s mathematics scores were found to ine@eas average, 14.43 points per year
between the start of first grade and the end obrsggrade. Of principal interest, however,
was the relationship between children’s mathemajresvth and their season of birth. No
difference was found between the growth rates ddien from the first and the second birth
quarter. Children born in the last two quarters,tio@ other hand, showed a significantly
faster growth in mathematics achievement than wmldoorn in the first quarter. These

results indicated that the size of the seasonrdif laichievement gap decreased significantly
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during the first two years of primary educationeTiact that the estimates involved reached
high significance levels (< .001), however, did pobtvide solid information on the size of

this decrease. Therefore, two types of effect swese calculated. First, in terms of the

standard deviation of the individual-level growtatas D= V662 = 2.58), the growth
differences between children from the first birthager and children from the third and
fourth birth quarter had effect sizes of only .2®1a32, respectively. Second, between the
start of first grade and the end of second grdueathievement gap between children from
the first and the fourth birth quarter narrowednir@.27 to 2.35 points, representing a
decrease of merely 28%. Figure 1 depicts the sogmf but small reduction of this
achievement gap over the studied two-year perioallly, the relationship between season of
birth and mathematics achievement growth was nandao be different for children who
were retained before they entered primary educassncompared to regularly promoted

children.

< FIGURE 1 about here >
Differentiated instruction as a mitigating factor?

A final set of models investigated whether sevéoains of differentiated instruction were
related to (the evolution of) the mathematics acmeent gap between children born in
different birth quarters. Information on differeated instruction practices was derived from
the teacher questionnaires administered in first second grade. Because many children
changed classes (within schools) between firstsubnd grade, it was difficult to include
class as an extra level in the multilevel modeler€lfore, first and second grade values for
each variable on differentiated instruction (Whd&sS, DiffLow and DiffHigh) were

averaged. The three resulting variables, with simiames, were included as pupil-level
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variables in the multilevel growth models. Withinet group of children selected for the
growth analysesN = 3,187), values of WholeClass, DiffLow and Diftiti were recorded
nonmissing for 2,397 (75.21%), 2,635 (82.68%) ar&¥2 children (83.93%), respectively.
As a result, the growth models including the ddfarated instruction variables differed
slightly in terms of sample size. Table 4 presgrasmmeter estimates, standard errors and
variance components for the three final growth ngdeach including one of the variables

on differentiated instruction.

< TABLE 4 about here >

Not very surprisingly, the amount of differentiatestruction children were offered in the
first two years of primary education was not redat® children’s mathematics achievement at
the start of first grade. Furthermore, only onensigant relationship effect was found
between children’s mathematics growth and the dsdifferentiated instruction. Children
who attended classrooms with high levels of whidess mathematics instruction showed

significantly less mathematics achievement growitér dhe studied period of time. The size

of this effect, however, was minimal € |-.04|/\/@5 =.02). Analogous parameter estimates
for DiffLow and DiffHigh were not significantly diérent from zero. Although almost no
relationships were found between the differentratrariables and mathematics achievement,
it was examined whether significant effects coukl found if these relationships were
allowed to vary between birth groups. For examgpending some regular classroom time to
extra remedial instruction for low achieving chédr (with a large proportion of children
from the last birth quarter), might increase theligdren’s mathematics growth and, at the
same time, decrease the growth of high achievintdreim (with a large proportion of

children from the first birth quarter), becauseythieceive less appropriate instruction. In
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such a case, an effect of differentiated instructmight only be found if the three-level
interaction between season of birth, mathematicsvigr and differentiated instruction is
studied. However, none of the three-level intecacparameters was found to be significantly

different from zero.

Conclusion

In the present study, two types of relationshipsaweund between children’s season of birth
and their school achievement in the early yearsdafcation. First, younger children (i.e.,
children born in the last months of the calendaaryavere more often subject to grade
retention than older children (i.e., children bannthe first months of the calendar year).
Second, among children who entered first grade ther first time, small to moderate
mathematics achievement differences were found destwchildren from different birth
guarters. As to the evolution of these differendes/as concluded that, although the season
of birth achievement gap narrowed significantly idgrthe first two years of primary
education, important achievement differences reethit the end of second grade. Finally,
classroom differentiation did not accelerate thasiclg of the mathematics achievement gap

between younger and older children.

Discussion

Because most research on season of birth effe@duoation has been conducted in the UK
and grade retention is an almost non-existing m@&dhere, this study provided an excellent
opportunity to investigate the potential relatiopstetween season of birth and grade
retention frequency. Therefore, we subdivided thigddoen in our sample into birth groups

and compared these groups on the proportions @drehi who were retained at least once
before they reached the end of second grade. Butseshowed that, in Flanders, autumn-

born children, which generally are among the yoshge their year groups, were retained
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more than three times as frequently as winter-fobirlren. In this, our results parallel those
of similar research conducted in the US, where iaat al. (2004) found that about 25% of
the summer-born fifth graders in their sample wadanger in the age-appropriate grade,
whereas for their autumn-born classmates this ptigmowas only near 9%. Given the fact
that early grade retention is likely to have a iegampact on children’s future academic
achievement (Gadeyne, Onghena & Ghesquiéere, 20@ntAi¢opoulos & Morrison, 1992)
and psychosocial functioning (Jimerson, 2001; Pagaremblay, Vitaro, Boulerice &
McDuff, 2001), our findings raise strong concerbs the educational inequalities that may
stem from a trivial fact like month of birth. Althgh our study did not investigate possible
causes of these inequalities, some potential canagde identified. First, as outlined before,
teachers may underestimate the developmental levehe youngest children in their
classrooms and, therefore, too often recommend #oudiimn-born children would be
retained. Additional research is necessary to fglathis issue. Second, the cognitive
standards children have to meet in order to bevalibto enter first grade may be too high for
autumn-born kindergartners. A practice, often agupin the US (Graue & DiPerna, 2000),
whereby summer-born children’s kindergarten erdrgeliberately postponed to ensure that
they take a more favourable age position withinrtkimdergarten classroom (i.e., academic
redshirting), does not exist in Flanders and, tloeee can not function as an explanation for
the relatively high proportion of autumn-born cinéd in the delayed group.

In this study, not only a relationship was foundween season of birth and grade retention,
but also between season of birth and mathematibgevement at the start of primary
education. Children born in different seasons effitst grade with different levels of
mathematics abilities. For regularly promoted aleifd the mean achievement difference
between autumn- and winter-born children at thet stafirst grade was equivalent to the

effect of over two months of mathematics educatién. first sight, this achievement
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difference might seem rather easy to overcome.rébalts of our growth analyses, however,
showed that 22 months after children had entemstl grade the mathematics achievement
gap between autumn- and winter-born children hadredsed by only 28%. If this
achievement gap would continue to narrow at theespate, then the season of birth effect
would have disappeared as soon as children reabtieednd of Grade 6. This result is in
accordance with previous cross-sectional studigsctwfound significant season of birth
effects until children are about 10 or 11 years (@dvis et al., 1980; Hutchinson & Sharp,
1999).

Strikingly, we found some evidence for a reversedssn of birth effect in the group of
delayed children. Within this group, younger (autdborn) children tended to perform
slightly better than older (winter-born) childredm explanation for this finding may lie in the
fact that for autumn-born children their relativédyver age and related immaturity might be
the main reason for their grade retention, whefeasvinter-born children grade retention
might be an indication of some other (cognitiveplpem, unrelated to age (e.g., learning
disability, mental retardation, etc.). As a resaitfumn-born children might eventually catch
up with their non-retained peers, whereas wintenbghildren, without appropriate
intervention, continue to struggle academically.

Today, a considerable amount of knowledge is abi@laabout the mechanisms that lie
behind the relationship between season of birth academic achievement. However,
because educational systems apply different saki@oy regulations, these mechanisms may
actually differ between countries and regions. IamBers, it is very likely that interindividual
differences in maturity and length of preschooliagise differences in academic ability level
at the start of primary education. Again, futurse@ch on this topic would be useful,
because information on why children who are borndifierent seasons have different

amounts of school success should enable researtthéosk after possible remedies in a
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much more goal-oriented way. In this study, we ergd the use of differentiated instruction
as a means to help autumn-born children to catclitip their ‘luckier-born’ classmates.
Thereby, we reasoned that autumn-born childrenwér@ educated in classrooms with large
amounts of differentiated instruction targeted @t lachieving children would show faster
achievement growth than autumn-born children wheeveslucated in classrooms with large
amounts of class-oriented instruction. However,enohthe three variables on differentiated
instruction used in the present study was relateal gignificant change in the decrease of the
mathematics achievement gap between autumn- artdrviiarn children. Maybe, providing
autumn-born children with appropriate levels oftinstion is not a good way to tackle the
season of birth effect in education. On the ottaerdh the classroom differentiation measures
used in this study certainly had some limitatioRsst, they were based on a very small
number of teacher-rated items. Probably, extensiservational measures would have
yielded more detailed and reliable information be &mount and quality of the differentiated
instruction practices in the participating classéglditionally, because differentiation
measures were aggregated over time, potential ldiffgrences between first and second
grade classes were eliminated.

This study was among the first to explicitly studgason of birth effects in Flemish
education. Therefore, much work on this topic reredao be done. First, we investigated the
relationship between season of birth and achievemanathematics in the first two years of
primary education. Future research should be cdaduo examine whether the results of the
present study extend to other academic domainsitidddlly, the data collection in the SiBO
survey will enable future analyses on season ol lgffects in the higher grades of primary
education. Furthermore, this study did not invedggpossible underlying causes for the

relationship between season of birth and academdress. Future studies should be

23



Authors

undertaken to examine the unique impact of intéviddal differences in maturity, length of

schooling, teacher expectations and other potecdiadal factors.
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Figure 1. Predicted overall growth trajectoriesdbildren born in the first and fourth quarter.
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Table 1. Birth quarters for successfully promotedsus delayed first-time first graders.

Quarter 1 Quarter 2 Quarter 3 Quarter 4

Group N % N % N % N %
Successfully promoted 830 25.99% 841 26.34% 829 25.96% 693 21.70%
(N =3,193) 93.57% 89.85% 86.90% 79.93%
Delayed 57 12.64% 95 21.06% 125 27.72% 174  38.58%
(N =451) 6.43% 10.15% 13.10% 20.07%
Total 887 24.34% 936 25.69% 954 26.18% 867 23.79%
(N=3,644) 100.0% 100.0% 100.0% 100.0%
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Table 2. Initial mathematics achievement differenisetween birth quarters.

Season of Birth x

Season of Birth IsDelayed
Parameter Estimate SE Estimate SE
FIXED
Intercept 56.99*** (0.37) 57.09*** (0.37)
Quarter 2 -0.98** (0.32) -0.92** (0.31)
Quarter 3 -1.94%** (0.30) -1.90%** (0.31)
Quarter 4 -3.27%** (0.29) -3.10%** (0.30)
IsDelayed -6.70%*** (1.80)
IsDelayed x Quarter 2 1.40 (2.12)
IsDelayed x Quarter 3 3.08 (2.05)
IsDelayed x Quarter 4 4.43* (1.83)
RANDOM (variance components)
School level intercept 9.06 (1.93) 8.55 (1.78)
Pupil level intercept 31.79 (1.09) 31.22 (1.02)
DEVIANCE 24,124.19 24,061.77

*p<.05.*p< .01 ** p<.001.

31



Authors

Table 3. Mathematics achievement growth differermween birth quarters.

Growth x Season of Growth x Season of
Growth Birth Birth x IsDelayed
Parameter Estimate SE Estimate SE Estimate SE
FIXED
Intercept 58.01**+* (0.34) 58.18*** (0.35) 58.20**  (0.35)
Quarter 2 -0.63* (0.29) -0.72* (0.30) -0.70* (©)2
Quarter 3 -1.31%** (0.27) -1.56%** (0.28) -1.59*  (0.28)
Quarter 4 -2.47%** (0.27) -2.80%** (0.28) -2.94*  (0.29)
IsDelayed -3.73%** (0.53) -3.72%** (0.53) -5.28*  (2.10)
IsDelayed x Quarter 2 0.16 (2.30)
IsDelayed x Quarter 3 1.81 (2.22)
IsDelayed x Quarter 4 2.63 (2.18)
Time 14.43*** (0.15) 14.06***  (0.18) 14.06*** (as)
Time x Quarter 2 0.20 (0.17) 0.24 (0.17)
Time x Quarter 3 0.55%* (0.16) 0.56*** (0.16)
Time x Quarter 4 0.75%+* (0.19) 0.82%** (0.20)
Time x IsDelayed 0.41 (1.13)
Time x IsDelayed x Quarter 2 -1.72 (1.18)
Time x IsDelayed x Quarter 3 -0.67 (1.25)
Time x IsDelayed x Quarter 4 -1.07 (1.13)
RANDOM (variance components)
School level intercept 7.20 (1.29) 7.22 (1.29) 257. (1.30)
School level slope (Time) 2.09 (0.40) 2.09 (0.39) 2.10 (0.40)
School level intercept x slope -1.67 (0.44) -1.68 (0.49) -1.73 (0.45)
Pupil level intercept 24.27 (0.71) 24.31 (0.72) 4.22 (0.72)
Pupil level slope (Time) 6.71 (0.31) 6.62 (0.30) 6.60 (0.30)
Pupil level intercept x slope -0.89 (0.38) -0.88 0.3B) -0.84 (0.37)
DEVIANCE 100,927.70 100,913.50 100,912.10

*p<.05.* p < .01 **p < .001.
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Table 4. Interactions between mathematics growdgson of birth, and differentiated

instruction.
Growth x Season of Growth x Season of Growth x Season of
Birth x WholeClass Birth x DiffLow Birth x DiffHigh
Parameter Estimate SE Estimate SE Estimate SE
FIXED
Intercept 58.57*+* (0.35) 58.22%** (0.35) 58.28**  (0.35)
Quarter 2 -1.04** (0.32) -0.60 (0.32) -0.69* (2)3
Quarter 3 -1.86%** (0.30) -1.42%** (0.30) -1.43*  (0.29)
Quarter 4 -3.06%** (0.33) -2.70%** (0.32) -2.70*  (0.30)
IsDelayed -3.24%** (0.67) -3.22%** (0.63) -3.33*  (0.62)
WholeClass -0.00 (0.02)
DiffLow -0.17 (0.41)
DiffHigh 0.34 (0.34)
Time 14.04*** (0.21) 14.02***  (0.19) 14.05** (@9)
Time x Quarter 2 0.23 (0.19) 0.15 (0.19) 0.17 190.
Time x Quarter 3 0.55** (0.17) 0.58*** (0.16) &5 (0.16)
Time x Quarter 4 0.63** (0.21) 0.71%* (0.20) B8 (0.20)
Time x WholeClass -0.04* 0.01
Time x DiffLow 0.57 (0.34)
Time x DiffHigh 0.15 (0.27)
RANDOM (variance components)
School level intercept 5.75 (1.16) 5.61 (1.04) 685. (1.04)
School level slope (Time) 2.38 (0.47) 1.86 (0.38) 1.98 (0.42)
School level intercept x slope -1.52 (0.52) -1.09 (0.39) -1.25 (0.39)
Pupil level intercept 24.11 (0.80) 23.76 (0.79) 3.8 (0.77)
Pupil level slope (Time) 6.66 (0.39) 6.70 (0.35) 6.63 (0.35)
Pupil level intercept x slope -1.11 (0.43) -0.76  0.4Q) -0.72 (0.40)
DEVIANCE 77,051.28 83,230.71 85,843.88
N 2,397 2,635 2,675

*p<.05.* p < .01 **p < .001.
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