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Abstract :

A longitudinal study of 54 children aged between 4 and 7 years of age investigated whether
measures of working memory skills taken shortly after school entry served as useful predic-
tors of children’s attainment levels in National Curriculum assessments at Key Stage 1. Early
working memory scores were found to be highly significant predictors of children’s subse-
quent levels of attainment in literacy, but not in mathematics. Compared with the local educa-
tion authority baseline assessments also administered at 4 years of age that are designed in
large part to predict Jater attainments, working memory scores accounted for unique variarnce
in children’s spelling and writing scores at 7 years. These findings peint to the utility of
combining knowledge-based assessments with measures of fluid cognitive ability in order to
obtain the best estimates of a child’s chances of future academic success.

From 1998 to 2002, all local education authorities (LEAs) in England were required to evai-
uate children’s abilities at 4 or 5 years of age, within six weeks of school entry. Termed
‘baseline assessments’, these evaluations were recommended to tap areas of the child’s
competence including literacy, language, mathematics, and personal and social skills
(SCAA/ QCA, 1897). One of the principal purposes of the assessments was 1o evaluate the
extent to which schools provided value-added education, allowing comparison of the
attainments of pupils on National Curriculum assessments at later points across schoois
with intakes of children with comparable baseline assessment profiles.

Ninety different baseline assessment schemes were developed by LEAs. Although their
composition varied considerably. many incorporated items and scales from the baseline
assessment scheme advanced by Qualifications and Curriculum Authority (QCA) {1998),
with some common iterns featuring in the majority of schemes. For example, most schemes
assess early literacy skills by a combination of measures such as letter identification, word
recognition, simple spelling and writing the child’s own name. Similarty, numerical ability
was usually assessed using one or more of the following measures: counting, identification
of digit symbols and simple sums.

Studies that have analysed the relationship between baseline assessment scores and pupils’

subsequent attainments in Key Stage 1 assessments two and a half years later have estab-
lished the importance of what Tymms (1999) has referred to as ‘general developed abilities’
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at school entry as predictors of children's achievements at 7 years. For example, Key Stage
1 attainments in both English and mathematics are highly predicted by children’s abilities
when they start school to identify letters, to spell and to display knowledge about reading,
and to count (Singleton, Horne & Thomas, 1999; Tymms, 1999). Thus chiidren who have
already mastered the component skills that lie at the foundations of literacy and mathe-
matics tend to progress well and achieve highly following several years of structured
education at school in these domains.

The purpose of the present study was to compare the extent to which children’s attain-
ment levels in English and mathematics at Key Stage 1 were predicted by twao alternative
types of assessment at school entry: baseline assessments, and measures of short-term
working memory. Working memory refers Lo the capacity to store and manipulate mate-
rial for brief periods of time, and is widely understood in terms of the multicompornent
model advanced by Baddeley & Hitch (1974) and developed subsequently by Baddeley
(1986, 2000). Tasks which impose both processing and storage demands are believed to tap
the central executive component of the working memory model, and possibly also the
recently identified episodic buffer subsystem (Baddeley, 2000). Recent studies have estab-
lished that children's performance on a range of complex memory span measures that
require both processing and storage is closely associated with their attainments levels in
National Curriculum assessments of English at 7 and 11 years, and in mathematics at all
three assessment points, at 7. 11 and 14 years (Gathercele & Pickering, 2000a; Gathercole,
Pickering, Knight & Stegmann, in press; Jarvis & Gathercole, 2003). These relationships
were not unexpected. It has long been established that working memory skills are closely
linkecl with children's performance in literacy (e.g. de jong, 1998; Gathercole & Pickering,
2000b; Swanson, 1994), arithmetic and mathematics (Bull & Scerif, 2001; Gathercole &
Pickering, 2000b; McLean & Hitch, 1999; Passolunghi & Siegel, 2001; Shah & Miyake, 1996)
and vocabulary {Daneman & Green, 1986), as well as more general aspects of cognitive
capacity as indexed by college entrance scores (Daneman & Carpenter, 1880; Jurden, 1995)
and occupational success (Kyllonen & Christal, 1990}, The generality of the relationship
between scores on working memory assessments and on such indicators of learning
suggests that individual differences in the capacity to store and process material in
compiex tasks can directly constrain a child’s ability to develop knowledge and skills in
key domains over the school years.

The capacity to store phonological material in situations in which concurrent processing is
not required is considered to reflect the phonological loop component of working memory
(Baddeley, 1986). Close links between individual differences inn young children'’s phonolog-
ical loop capacities and their abilities to learn the phonological structure of new words has
led to the proposal that the primary function of the phonological loop is to support
language learning (Baddeley, Gathercole & Papagno, 1998).

It is notable that in contrast with baseline assessments, shori-term memory tasks do not
directly index the component skills involved in the key domains of English and mathe-
matics. The tasks require the child to store memory items in sequence {such as nurbers or
words) while processing material in a variety of ways (such as listening to sentences,
reversing the sequence of a series of numbers, and counting a small number of objects).
Children do not fail the tasks because they are unable to carry out the particular processing
activity due to lack of knowledge relevant to the assessment domain, but because they are
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unable to store and process larger amounts of material simultaneously. Thus whereas base-
line assessments tap previously acquired crystallised knowledge acquired, working
memory assessments tap fluid cognitive abilities that do not depend on prior experience.
They use tasks and materials that are unfamiliar to all children, and that are relatively
impervious to demographic factors such as ethnic background (Dollaghan, Campbell,
Needleman & Dunlosky, 1997) and maternal education level (Gathercole et al., 2003). In this
way, measures of cognitive processing skills provide assessments of the child'’s future abil-
ities to fearn that minimise the influence of prior experience (Baddeley & Gathercole, 1999).

The children participating in the present study completed both the local baseline assess-
ment scheme and a battery of working memory assessments within the first term of schoot
entry, at between 4 and 5 years of age. The working memory assessmenis included two
tests of complex span (backwards digit recall and naming recall) and three storage-only
measures (non-word repetition, word list recail and word list matching). Two and a half
years later, at 7 years, the children participated in the tests and tasks involved in National
Curriculum assessments of English and mathematics, resulting in classification of their
attainment levels. The purpose of the study was to determine the extent to which the school
baseline assessments and working memory test scores uniquely predicted these later
attainment levels.

Participants

The 54 children (27 boys and 27 girls) who participated in the study had a mean age of 4
years 11 months (8S = 3.76 months, range = 4 years 5 months to 5 years 5 months) at the
time of completing the working memory assessments in the period January to March 1999.
The children were testect within one term of joining the reception class of an LEA primary
school in a suburban area of a city in south-west England. The school had a predominantly
middle-class intake, with one of the highest rates of achievements in Key Stage 2 resuits in
the area. All participants had completed the Avon Reception Assessment scheme in the two
months prior to their recruitment to the study, and also the working memory tests outlined
below. The children participated in the Key Stage 1 assessments of English and mathe-
matics during the third year of school (Year 2} in 2001, when they were aged 6 and 7 years
of age.

Working memory assessments

Each child was tested individually on five measures of short-term working memory,
outlined below. Two measures {backwards digit recall and naming recall) were complex
working memory tasks involving significant storage and processing demands. Three
measures (non-word repetition, word st recall and word list matching) involved storage
only, and were designed to tap the phonological loop component of working memory.

Backwards digit recall

On each trial, the child was presentied with a spoken sequence of digits and asked to recall
the sequence in backwards order. The concept of backwards order was explained and
demonstrated in a training session prior to testing. Test trials commenced with four trials
containing (wo digits, followed by sequences that increased by one item in length if three
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or more lists were correctly recalled. The total number of lists correctly recalled was scored.
Fuller details of the procedure are provided in Gathercole & Pickering (2000D). This test was
an earlier version of the backwards digit recall test of the Working Memory Test Battery for
Children {(Pickering & Gathercole, 2001), which has a test-retest reliabiiity of .53 for chil-
dren aged 5 to 7 years.

Naming recall

This test was devised for use with children below 6 years of age, who are generally unable
to meet the demands of the listening recall test of the Working Memory Test Battery for
Children (Pickering & Gathercole, 2001). On each test trial, the chiid named line drawings
depicting familiar objects, and then attempted to recall the object names in the sequence in
which they had been presented. Testing began with four trials consisting of a single line
drawing only, with the number of drawings increasing by one every four trials until the
point at which the child incorrectly recalled the object names in two or more trials at a
particular level. The number of correct trials was scored.

Non-word repetition

The Children’s Test of Nonword Repetition {Gathercole & Baddeley, 1996} was adminis-
tered to each child. The test consists of 40 non-words, 10 each containing two, three, four
and five syllables. The non-words are presented auditorily via an audio cassette recorder.
The chiid is asked to repeat each non-word fellowing presentation, and the repetition
attempt is scored as either correct or incorrect. The number of non-words repeated correctly
is scored. Split-half reliability for this test is .66 (Gathercole & Baddeley, 1996}, and.
test-retest reliability for a sample of §-year-old children was .77 (Gathercole, 1995).

Word list recall

On each trial, the child was presented with lists of spoken words (high frequency,
containing one syllable) for immediate recall in the same sequence as presented. List length
commenced with two items, increasing by one item every four trials until the point at
which the child incorrectly recalled the word sequence in two or more trials at a particular
level. The aumber of correct trials was scored. For fuller details of this procedure, see
Gathercole & Pickering (2000b). This test is an earlier version of the word list recall test of
the Working Memory Test Battery for Children (Pickering & Gathercole, 2001), which has a
test-retest reliability of .72.

Word list matching

One each trial, spoken pairs of lists were presented, separated by a short delay. The lists in
each pair contained the same monosyllabic familiar words, either in identical sequence or
with an adjacent paired transposition in the order of two items. The child’s task was to state
whether the two sequences were the same or different. Testing began with four sets of two-
item sequences, increasing in length by one item every four triais until the point at which
the child failed to respond correctly on two or more lists at a particular level. The number
of correct trials was scores. For fuller details of this procedure, see Gathercole & Pickering
(2000b). This test is an earlier version of the word list matching test of the Working Memory
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Test Battery for Children (Pickering & Gathercole, 2001), which has a test-retest reliability
of .45 for children aged 5 to 7 years.

Baseline assessments

Raseline assessments were carried out by the class teacher within six weeks of the child
commencing part-time or full-time education at 4 or § years of age. The Avon Reception
Entry Assessment scheme contained five scales corresponding to five areas of experience:
language, reading, wriling, mathematics and social skills. In each area, assessment usually
began at stage 3 reaching a maximum of 7, with progression through stages dependent
upon the number of activities that a child was able (o perform at a particular stage. If chil-
dren successfully completed more than half of the activities associated with a pasticular
stage, they proceeded to the next stage. The highest stage reached in each area was
recorded. Examples of items from each stage are shown in Appendix A.

National Curriculum assessments

National Curriculum assessments at Key Stage 1 in 2001 consisted of tasks (administered
and scored by the teacher} and tests (administered by teacher and scored by the LEA)
developed and validated by the QCA, in addition to broader based teacher assessments.
The assessments are carried out in the latter half of the third full-time year of schooling,
when the children are aged 6 and 7 years of age, and the results are reported in the final
month of the school year. For the purposes of the present study, children’s scores on three
English measures {the reading comprehension test, the writing task and the spelling test}
and on the mathematics test were analysed. These measures were chosen as they involved
the use of materials standardised by the QCA, and in each case led to classification of
achievements in terms of performance that was either below, at, or above the nationaily
expected levels.

Scares consisted of the attainment level of each child, using a scale in which level 1 is below
the nationally expected standard (coded L in the case of the spelling test), level 2 is the
nationally expected standard, and level 3 is above nationally expected standard. National
data show that in 2002, the following percentages of children obtained level 2 in the
following measures: reading comprehension (53), writing (76). spelling (52), and mathe-
matics {72). For the reading comprehension, writing, and mathematics tests, level 2 perfor-
mance was further divided into three bands (a, b, ¢}, with 2a representing the highest
attainment within the level, and 2¢ representing the lowest. The levels on each of these tests
were recoded for the purpases of analysis into numerical scores: 1 (1/ L), 2 (2¢), 3 2h), 4 (2a),
and 5 (3).

Results

Descriptive statistics for the principal measures are shown in Table 1. Scores on each of the
working memory tests showed wide variation, with no apparent restrictions in range. The
haseline assessments showed reasonable degrees of variation, with scores ranging from 4
to 7 for the language and mathematics scales, from 3 to 7 for the reading and writing scales,
and from 2 to 7 for the social skills scale. Key Stage 1 scores were positively skewed, with
no children scoring below level 2 (i.e. obtaining a score of 1) on either the reading compre-
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Table 1. Descriptive statistics for principal measures

Measure Mean D Mirimum Maximum
Age {years; months} 411 376 mos 4:05 5,06
Working memory:
Backward digit recalt 5.86 1.84 2z 11
Naming recall 14.48 3.22 5 26
Nonword repetition 23.85 6.08 12 36
Word fist recall 8.60 1.70 5 12
Word list matching 163 349 1 14
AREA Baseline assessments:
Language 583 0.9 4 7
Reading 531 0.84 3 7
Writing 4.91 0.76 3 7
Matnematics 5.89 0.88 4 7
Social skills 552 114 2 7
Key Stage 1 scores:
Reading comprehension 4.43 0.86 2 5
Writing 3.48 1.08 1 5
Spelting 3.57 1.31 0 5
Mathematics 439 0.81 2 5

hension or mathematics tests, and a relatively large proportion of children obtaining level
3 {re-scored as 5): 63 per cent for reading comprehension, and 56 per cent for mathematics.
Scores on the writing and speiling measures were more evenly distributed, with the 20 per
cent and 39 per cent of children attaining level 3, respectively.

The matrix of correlation coefficients for these measures is shown in Table 2. Consider first
the correlations between individual measures for the three kinds of assessment (working
memory, baseline assessments, and Key Stage 1 scores). Ali five working memory measures
correlated significantly with one another, with coefficients ranging from .31 (backwards
digit recall and non-word repetition) to .56 (naming recaif and word list recall). Correlations
between scales in the baseline assessments were also high, ranging from .34 (reading and
social skills} to .68 (language and reading). Although all Key Stage 1 scores were signifi-
cantly intercorrelated, the three literacy-based assessments {reading comprehension,
writing, and spelling) were much more highly associated with one another {(with coeffi-
cients ranging between .70 and .89) than with mathematics scores (with coefficients of
between .41 and .56). These findings indicate that the school-based assessments were reli-
able and valid.

Correlations between working memory scores and the baseline assessment scores were
low to moderate in strength. It is, however, notable that the naming recall measure had
consistent and fairly high correlations with the four academic scales of the baseline assess-
ments (i.e. excluding social skills), with coefficients ranging from .34 to .40. The working
memory and baseline assessments scores showed differing patterns of association with
Key Stage ! scores. Baseline assessments showed uniformly significant correlations with
all Key Stage 1 measures, with the majority of coefficients falling in the range .40 to .56,
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Table 2. Correlation coefficients for principal measures

Measure T2 3 4 5 6 7 8§ 9 W 1 12 13 14
1T  Age -

2 Backward digit recalf 22 -

3 Naming recali 26 35 -

4 Nonword repetition 42 31 44 -

5 Word list recall 6 42 56 40 -~

6  Word tist matching 3 52 45 31 41 -

7 BIL language 30 26 44 27 33 289 -

8 B/ reading 16 43 46 14 34 33 68 -

9 BA. writing 57 29 45 34 20 31 56 58 -

10 B/L mathematics 23 32 34 34 21 32 57 40 38 -

11 B/L social skills 47 28 30 28 23 29 56 34 GO 49 -

12 KSi reading comprehension 20 36 38 18 30 43 45 46 35 49 33 -~

13 KS1 writing : 30 52 43 38 35 36 56 56 56 51 51 Th -

14 KSI speiling 12 42 48 43 42 40 42 45 45 43 36 70 89 -
15 KSI mathematics 20 27 17 03 15 26 5T 51 34 §1 39 49 56 41

Note: Coefficients printed in beld are signidicant at the 05 level. Decimal points on coefficient values are omitted

although it was notable that the social skills measure generally correlated the least
strongly, below .40. The working memory measures showed more a selective pattern of
associations. The writing and spelling measures were significantly associated with all five
working memory measures, to a comparable degree with the baseline scores. Reading
comprehension showed a weaker pattern of association, with a nen-significant corretation
with non-word repetition, and significant but low to moderate correlations with the other
four memory scores (ranging from .30 to .43). Finaily, the mathematics measure was signif-
icantly correlated with only one measure (backwards digit recall), with a correlation coef-
ficient of .27.

As the working memory measures and baseline assessment scores were themselves moder-
ately intercorrelated, it was important to assess the specificity of the links of the working
memory and baseline assessments with the Key Stage 1 outcome measures. A series of
partial correlations was therefore computed. Composite scores were calculated for the
working memory and baseline assessments, consisting of the average z-score for the five
relevant measures for each child. For example, the working memory composite score was
the average of the child’s zscores on each of the backwards digit recall, naming recall,
nonword repetition, word list recall and word list matching measures. Simple correlations
between the two composite scores and each Key Stage 1 score were calculated. The variance
associated with chronological and score in the other assessment was then partialled out in
each case {i.e. the baseline measure in the case of partial correlations involving working
memory and Key Stage 1 scores, and vice versa). It should be noted that this method of
evaluating unique contributions is highly conservative given the intercorrelations between
the working memory and baseline scores, which are likely to reflect at least partly the
contribution of working memory to progress towards early learning goals at school entry.
In this respect, there is a danger of eliminating the variance of interest. However, this
method does have the advantage of providing stringent tests of specificity of relationships
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Table 3. Partial correlations between overali scores taken at schooi entry (working memory
and baseline assessments) and KSI test scores; age and the other score patialied out in each
case

Working memaory Baseline assessment
KS| measure Coefficient Probability Coefficient Probability
Reading comprehension 0.25 0.077 038 | 0,006
Writing 0.31 0.026 0.55 0.00C
Spetling 0.46 0.001 0.38 0.005
Mathematics -0.09 0.525 0.54 0.060

that are valuable for interpretation of the data. Correlation coefficients that remain signifi-
cant after the partialiing procedure are therefore worthy of note.

The results of these analyses are summarised in Table 3. High to moderate correlations were
found between working memory scores and reading comprehension (r = .45), writing
(partial r =56, p < .001), and spelling (r=.59, p < .001}, although the correlation with math-
ematics scores was non-significant {r = .24). When baseline assessment scores were
partialled out to provide a test of the degree of unique association between working
memory and later attainment levels, significant associations rernained with the writing and
spelling measures, partial r(50) = .31, p < .05, and partial r(50) = .46, p < .001, respectively.

Baseline assessment score were highly associated with all four Key Stage 1 scores (p < .001),
with rs ranging from .53 (reading comprehension and spelling) to 69 (writing}, When
working memory scores were taken into account, all associations rernained highly signifi-
cant, with partial rs ranging from .38 (reading comprehension and spelling, p < .005) to .54
(mathematics, p < .001) and .55 (writing, p < .001).

These analyses indicate that although there is some overlap in the individual differences
tapped by the working memory measures and baseline assessments, the cognitive and
achievement-based assessments each uniquely predict different aspects of children’s later
scholastic achievermnents. In order to provide a more general evaluation of the relationships
hetween working memory and baseline scores, and of the contributions of each to chil-
dren’s achievements at Key Stage 1, a structural equation modelling approach was adopted
using the EQS structural equation program {Bentler & Wu, 1995). This approach allows the
test of specific hypotheses concerning the relationships between latent constructs tapped by
multipie assessments, and is ideal for evaluating competing causal hypotheses relating to
the developmental precursors of Key Stage 1 scores. Each model generates coefficients for
the paths between constructs and variables that indicate strength of relationships, and a
range of statistics that indicate the goodness of fit of the model te the input correlation
matrix. By comparing the fit indices across competing models, it is therefore possible to
find the best theoretical account of the data.

The input to the program was the correlation matrix for the 14 measures, with variance
associated with differences in chronological age partialled out. The program computes
standardised coefficients for each path on the specified model that denote strength of asso-
ciation, and correspond approximately to regression weights. As a rule of thumb, models
are judged to be acceptable if they have non-significant x* values (indicating no significant

116



Educational and Child Psychology, (2003, Vol. 20(3)

Figure 1. Measurement model comprising working memeory,baseline assessment, and Key
Stage 1 English factors. Numbers represent standardised path coefficients (for paths to and
from latent constructs) and error covariances (for observed variables}

45 —p | Backwards digits
63
68— | Namingrecall | 73
Non-word 54 Working memory
83 —» repetition {4 years)
Reading
57 T comprehension ; 80
T Word recall 80
568
y B4
Word fist
< matching
Enghish K81 94 .
56 attainments {7 years) Writlng < 34
e Language
B3
87— Reading 75
75
¥ '84
Spelling & 54
i e Witing 73 Baseline assessments
(4 years)
; 64
R Mathematics
66
R Social skills

difference hetween the data and the model}, fit indices such as the comparative fit index
(CFD in excess of .9, and root mean-square error of approximation {(RMSEA) values that fall
below .07 (McDonald & Ho, 2002).

First, we tested the adequacy of the measurement model shown in Figure 1, consisting of
three correlated latent constructs corresponding to working memory and baseline assess-
ments at 4/5 years, and English scores at 6/7 years. The mathematics score was not associ-
ated with a latent construct as it was a single observed variable. The model yielded a
non-significant x* (68.893, 61 d.f,, p>.05), CFI =975, RMSEA = .049. This indicates that the
data provide a satisfactory fit to this three-factor structure.

The principal interest was in evaluating the extent to which the working memory and base-
line assessment factors predicted later National Curriculumn test scoves, This was tested in
the causal model shown in Figure 2, using the path weights {from observed to latent vari-
ables) from the measurement model shown in Figure 1. In this model, causal paths (repre-
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Figure 2. Causal mode! comprising working memory and baseline assessment factors at 4/5
years, and English factor and mathematics measure at 7 years. Numbers represent standard-
ised path coefficients (for paths to and from latent constructs) and error covariances (for
observed variable) :

Baseline assessments
{4 years)

Working memory
{4 years)

English K3
attainments {7 years)

Mathematics?gi—
attainment {7 years)
| S

=

16

sented by unidirectional arrows) ran from each of the working memory and baseline
assessments constructs to a Key Stage 1 English construct (associated with the reading
comprehension, spelling and writing measures). A further causal path was inctuded from
the baseline assessment construct (o the Key Stage 1 mathematics score. On the basis of the
absence of significant correlations between the individual working memory measuies arxi
the mathematics score, no corresponding link from working memory to mathematics
attainments was included in this model. The model provided a good account of the data,
= 87.746, T0 d.f. (p > .05), CFI = .943, RMSEA = .069. All three causal paths in the model were
highly significant (p < .001, in each case), with the following standardised path coefficients:
working memory to English, .36; baseline assessments to English, .55 haseline assessmenis
o mathematics, .64,

Discussion

This longitudinal study investigated the relationships between children’s skills at storing
verbal material for brief periods of time soon after they started school at 4 or § years of age,
and their subsequent attainment levels in National Curriculum assessments at 7 years of
age. Working memory skills were found to be closely associated with children’s attainment
levels in writing and spefling two and a half years later, moderately associated with reacling
comprehension abilities, and unrelated to mathematics achievemenis.

The findings reinforce eariier evidence of close links between children’s National
Curriculum achievements and working memory abilities in cross-sectional studies of chil-
dren aged 7 to 14 (Gathercole & Pickering, 2000a; Gathercole et al., in press; Jarvis &
Gathercole, 2003). The present fongitudinal study provides substantial support for the view
that the previously reported associations arise because working memory plays a causal role
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in children’s developing skills and knowledge, particularly in the domain of literacy (see
also, de Jong, 1998; Gathercole & Pickering, 2000b, 2001; Siegel & Ryan, 1989; Swanson &
Alexander, 1997). The absence of a significant link between working memory and mathe-
matical ability in the present study is noteworthy, and runs counter to the view that
constraints in working memory capacity impair learning in this domain (Bull & Scerif, 2001
Gathercole et al., 2003; Mayringer & Wimmer, 2000; Siege! & Ryan, 1989). Recent findings
reported by Jarvis & Gathercole (2003} indicate that in later National Curricuium assess-
ments of children at 11 and 14 years of age, non-verbal working memory is a highly signif-
icant predictor of mathematical ability, aithough not of attainment in English assessments.
Similar findings were obtained by Shah and Miyake (1996) with adult participants. As our
study did not incorporate measures of non-verbal working memory, it is not possible to
determine whether mathematical abilities at 7 years in the present sample were constrained
by this other important aspect of working memory capacity.

A major aim of this study was to investigate whether working memory skills at 4 and 5
years would complement the assessments of children’s abilities routinely carried out at
school entry. The AREA baseline assessment scheme empioyed by this school measured the
children’s achievements in the areas of language, reading, writing, and mathematics, and
also their social skills. Consistent with previous findings (see Tymms, 1999), baseline
assessment scores were significant predictors of the children’s later National Curriculum
test scores at 7 years, accounting for about 25 per cent of vartance in scores on average.
Although the associations are not exceptionally high, this finding certainly points to the
value of baseline assessments in predicting later achievements.

It should, however, be noted that the baseline assessments in this scherne involve in large
part the direct measurement of early stages of skills tapped subsequently in the National
Curriculum tests. For example, the reading and writing sceles in this particular scheme
assess factors such as children’s understanding that words convey meaning, the extent of
their sight vocabulary, and their rudimentary spelling skills. The maths scale taps abilities
to match by colour, to sort into series on the basis of size, and to count. The National
Curriculur in English and mathematics measure more advanced forms of the same skill
domains. Given the part-whole relationship between the baseline and National
Curriculum assessments, their close statistical relationship is not too surprising. In contrast,
the working memory tests did not involve the children in any activities that would be
constrained by their emerging literacy skills: none of the test stimuli was presented in
printed form, and the chiidren did not have to provide written responses. Score on these
measures were nonetheless consistently and highly significantly predictive of later attain-
ment levels in both writing and spelling, accounting for unique variance in both measures
even after differences in earlier baseline scores had been taken into account. Thus, assessing
working memory skills appears to tap aspects of a child’s future abilities to learn that
extend beyond measures of their current domain-specific achievermnents.

The longitudinal relationship between working memory and later literacy achievement
demonstrated here establishes that measures of working memery skills at school entry can
complement the knowledge-based assessments provided in baseline assessment schemes,
possibly by measuring fluid cognitive ability that is relatively independent of current
achievements and prior experiences (Dollaghan et al, 1997; Gathercole et al, 2003). An
interesting possibility is that strong working memory skills may provide the child was a
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greater potential to benefit from the value added nature of the classroom environment, and
thus may provide relatively pure assessments of the quality of the education delivered.

Implications of the work for educational practice

The present findings of close, specific and predictive relationships between working
memory skills at school entry and later educational attainments have two main implica-
tions for educational practice. The first relates to assessment. The cognitive measures
employed in this study predicted important aspects of National Curriculum achievements
at Key Stage 1 above and beyond the ability-based assessments provided by school hase-
line scheme. This points to the atility of combining knowledge-based assessments with
cognitive measures in order to oblain the best estimates of a child’s chances of future acad-
emic success. The second implication relates to classroom practice. Given that working
memory skills constrain children’s learning success, it is importanit for teachers to minimise
the possibilities of children failing on a learning activity simply because their working
mernory capacity is exceeded. Two actions are recommended. Working memory skills
shouid be assessed in children with learning difficulties in order to determine whether
these are a possible source of lack of educational progress. If memory skilis are found to be
poar, steps should be taken to alleviate working memory load {Gathercole, in press). Ways
of doing this include breaking down complex tasks into self-contained steps, and provision
of external memory support whenever possible.

Note

This research was supported by a Medical Research Council grant on "Working memory
and learning disability’ awarded to Alan Baddeley and Susan Gathercole. The authors wish
to thank the staff and children from Westbury Park Primary School in Bristol for partici-
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Appendix A

Examples of activities at stages 3 to 8 in the five areas of experience in AREA scheme
Language

Stage 3 Carry cut a simple instruction

Stage 4 Answer open questions in simple phrases
Stage 5 Contribute to whole class discussions

Stage 6 Maintair: & dialogue with an adult

Reading

Stage 3 Turn pages of a book one at a time

Stage 4 Re-tell part of story using pictures in the book
Stage 5 When shown one word find the same word on the page
Stage 6 Have a sight vocabulary of at least 15 words
Writing

Stage 3 Scribble in circles

Stage 4 Be aware that writing conveys meaning

Stage & Produce random letters on a page

Stage 6 Begin to use inventad spellings

Maths

Stage 3 Match items by colour

Stage 4 Sort into sets by shape .

Stage 5 Arrange 5 objects in order of size

Stage 6 Count out 10 and 11 objects from a larger set

Social skills

Stage 3 Play in paraliel with other

Stage 4 Sustain a play activity for 75 minutes

Stage 5 Act out part of a story

Stage 6 Move on to a new activity on completion of tasks
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