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This study explored the relations between early indicators of literacy, numeracy and reasoning with later school
performance in these abilities. In pursuit of this aim, appropriate tests were administered to 1073 children at the
start of school in England who were divided into four age groups (mean ages of groups: 4.12, 4.37, 4.62, and
4.88 years old) and again during their third year of primary schoolwhen theywere six to seven years of age. Anal-
ysis of variance revealed large improvement in all abilities throughout the fifth year of life. Girls outperformed
boys only in language but differences diminished extensively at the end of this year. Structural equationmodeling
showed that all three abilities of language, mathematics and reasoning emerge as distinct factors strongly related
to a general ability factor (g) at both testing waves. General ability at the start of school highly predicted G in the
third year of primary school at age 6–7 years. The reading ability of children in the secondhalf of the fifth yearwas
also directly related to g at age 6–7, especially for girls. Implications for developmental theory and education are
discussed.
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All cognitive functions change extensively in early andmiddle child-
hood. From the second year of life onwards, language, mathematical,
and reasoning abilities expand and are practiced extensively. From 3
to 5 years children become aware of various aspects of language, includ-
ing the function ofwords as representations of objects, actions, and con-
cepts, the phonological organization of sounds in words, and relations
between word sounds and writing or pictures (Otto, 2013). In mathe-
matics, children acquire basic arithmetic skills, including the ability to
discriminate numerically between sets of objects, operate on small
numbers, represent relations between numbers, make judgements
about numerical magnitudes, and organize their knowledge in refer-
ence to a mental number line (Dehaene, 2011). Also, children at this
age demonstrate general inferential and problem solving skills, drawing
inductive inferences on the basis of similarities between objects and
concepts (Carey, 2009).

At this period of life children often enter formal education. In many
countries preschool education starts at 4–5 years and primary school
starts at 5–7 years of age (statutorily at 5 in the UK but between age 4
and 5, in practice). Preschool education should emphasize the construc-
tion of basic social and cognitive skills that would enable children to ad-
just to the complex social and symbolic environment of society and
prepare them to acquire the reading, arithmetic, and problem solving
arch Foundation, University of
osia, Cyprus.
unic.ac.cy (A. Demetriou).
skills taught in primary school. To be successful, education needs accu-
rate diagnostic tools which specify children's capabilities in each of the
processes mentioned above. The present study was conducted to partly
help validate and evaluate one such assessment, the PIPS (Performance
Indicators in Primary Schools), on entry to preschool (Tymms, 1999,
Merrell & Tymms, 2001). The PIPS baseline was designed to specify
the developmental level of children's abilities at the age of 4 to
5 years. In this study we explore the relationships between three abili-
ties (i.e., language, mathematics, and reasoning) and their predictive
power two years later, when children are in their third year of primary
school in England (known as Year 2, when children are aged 6–7 years).
It is noted that PIPS assesses aspects of reading and numeracy that are
addressed by many other similar tests (e.g., Cartwright, 2002; van de
Rijt et al., 2003). In addition, it involves tests intended to examine ab-
stract reasoning processes. Thus, it can be used to specify both readiness
for school-specific processes and also the possible involvement of more
general processes that may influence school-related processes.

From an educational perspective, the term “school readiness” refers
to the extent to which children have developed skills and abilities that
will enable them to succeed in their learning at school (UNICEF,
2012); they are at the stage when they will hopefully learn to read
and do simple arithmetic if they are given instruction. It has been the
subject ofmuch investigation. For exampleDuncan et al. (2007) showed
that early measures of math, reading, and attention were the best pre-
dictors of later academic success. Pre-school interventions are often
judged initially by their impact on school readiness and some programs
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have had great success (Ramey & Ramey, 1998). The measurement of
school readiness often comes under the heading baseline assessment
and a recent publication from UNESCO (2016) gives a flavour of the
challenges involved in developing baseline assessments for educational
purposes. We hope that this study will provide a refined picture of how
mental processes on entrance to school relate to school learning a few
years later.

There is a consensus in educational and developmental research lit-
erature that these abilities are inter-related and changes in each of them
is systematic. There is research showing that early literacy skills, such as
letter knowledge, phonological sensitivity, and oral sensitivity are high-
ly stable from3.5 to 5.5 years (Chistopher, Stephen, & Jason, 2000). Also,
counting and relational skills before formal schooling predict the acqui-
sition of basic arithmetical skills and overall mathematical performance
in early primary school (Aunio & Niemivirita, 2010). Also, some literacy
skills (i.e., print knowledge and vocabulary) but not others (phonologi-
cal awareness) predict numeracy skills (i.e., numbering, numerical rela-
tions, and arithmetic operations) in the 3–5 years period (Purpura,
Hume, Sims, & Lonigan, 2011). Evidence about the relations of these
skills with broader measures of intelligence is less consistent. On the
one hand, there is evidence that general intelligence (Stanovich,
Cunningham, & Feeman, 1984) or domain-general abilities such as ex-
ecutive control (Cartwright, 2012) underlie these relations throughout
preschool and primary school. On the other hand, some studies found
that non-verbal IQ in early preschool does not relate to later reading
skills (Cartwright, 2002).

1. Towards an integrated differential-developmental model of
learners

To make sense of these findings a comprehensive model is needed
that can do justice to both factors underlying individual differences in
mental processes and their development with age. Unfortunately, psy-
chometric theories of individual differences of mental abilities underes-
timate development and developmental theories underestimate factors
of individual differences (Demetriou & Spanoudis, in press). The present
studywas designed in the context of an integrativemodel that draws on
psychometric and developmental theory.

Specifically, in psychometric theory of individual differences a hier-
archical three-level model of the organization ofmental abilities is com-
monly accepted (Carroll, 1993; Deary, 2000; Hunt, 2011). According to
this model, individual differences in mental functioning may emerge
from any of three independent levels in the organization of mental pro-
cesses. The first level involves many specific skills, including various
reading skills, various mathematical skills, various reasoning skills, etc.
These skills are organized into broad abilities at the second level, such
as verbal ability, mathematical ability, reasoning ability, etc. For in-
stance, facility in dealing with words, executing arithmetic operations,
capturing underlying relations, respectively, may underlie children's
ability to learn language, mathematics, or master reasoning processes.
These in turn are constrained by very general processes at the first
level, such as processing efficiency and inferential power. This is general
intelligence or g that is closely reflected inmeasures of intelligence, such
as the IQ, captured by various intelligence tests. For instance, children
who are able to keep in mind large amounts of information are more
likely than children who are weak in this regard to combine words
and decipher their meaning or master the complexities imposed by
the abstract nature of mathematical relations. Each higher level is a
more powerful source of individual differences because it sets the
frame for an increasingly broad set of processes.

However, this model is silent about development, underestimating
the role and importance of different mental processes at different
phases of development. Demetriou et al. (2013, 2014a,b) proposed a de-
velopmental model specifying how abilities associated at each of the
three hierarchical levels above are expressed and related in develop-
ment from birth through early adulthood. According to this model, g
involves three inter-dependent processes: (i) Abstraction; (ii) repre-
sentational Alignment; and (iii) Cognizance (hereafter referred to as
the AACog mechanism. Abstraction spots or induces similarities be-
tween patterns of information, using mechanisms that may vary in de-
velopment. Alignment is a relational mechanism that maps
representations onto each other, enabling comparisons driven by cur-
rent understanding or learning goals (Demetriou et al., 2013). Cogni-
zance is awareness of the objects of cognition (e.g., “I know that I see
a cat), cognitive processes (e.g., “I know that I can think of the cat run-
ning), allowing executive control and mental planning.

It is beyond the scope of the present paper to discuss the relations
between this model and psychometric theory of intelligence (see
Demetriou et al., 2014a,b) but it is noted here that AACog is only partly
related to psychometric g. Like g, it involves abstraction and relational
processes allowing search and encoding of similarities or regularities
in the environment into representations and concepts. Unlike g, it is
minimally inferential and minimally representational. That is, it can-
not be identified with any specific type of reasoning, such as
inductive and analogical reasoning, or specific aspects of representa-
tional efficiency, such as short-term or working memory. Reasoning
and problem solving processes in all domains must be constructed as
such and representational efficiency processes reflect rather than
cause changes in the nature of representations with growth
(Demetriou et al., 2013, 2014a,b).

Specifically, it is assumed that this mental core develops in four cy-
cles, with two phases in each. Moving across cycles is associated with
the emergence of new forms of representation; changes within cycles
are associated with increasing awareness of them and skill in using
them. In succession, the four cycles operate with episodic representa-
tions from birth to 2 years (remembrances of actions and experiences
preserving their spatial and time properties), realistic mental represen-
tations from 2 to 6 years (blueprints of episodic representations where
spatial and time properties are reduced, associated with symbols, such
aswords), generic rules organizing representations into conceptual sys-
tems from 6 to 11 years, (e.g., concepts about categories of things, ex-
ploring causal relations) and overarching principles integrating rules
into systems where truth and multiple relations can be evaluated
from 11 to 18 years (i.e., principles specifying how rules may be inte-
grated). Changes within cycles occur at 4 years, 8 years, and 14 years,
when representations become explicitly cognized so that their relations
can be worked out, gradually resulting into representations of the next
cycle (Demetriou et al., 2014a).

Here we focus on the two cycles related to the present study. The
first cycle of mental representations lasts from 2 to 6 years. In the first
phase of this cycle, from 2 to 4 years, action-based episodic representa-
tions of theprevious cycle are elevated into symbol-basedmental repre-
sentations. In this early phase, representations have a transparent
relation to objects or events and they function as undifferentiated en-
sembles. Specifically, children use language efficiently in their interac-
tions but they do not yet demonstrate awareness of phonological,
grammatical or syntactic characteristics of speech nor do they handle
components independently of each other. In mathematics, there are
“proto-quantitative schemes” (e.g., “few”, “many”, “a lot”) which are
used as representational blocks that may generate mathematical judge-
ments triggered by perceptual appearances. At this phase they can rec-
ognize the effect of adding and taking away elements from an
aggregation of objects if they lie within the subitization limit (3–4 ob-
jects) but they do not yet possess the notions of numerical operations
as such. In reasoning, inductive inferences are based on perceptual sim-
ilarity that enables children to associate objects with categories on the
basis of a commonly shared attribute. Language learning draws heavily
on this process. For instance, associating an object with a novel name
(i.e., “this is a dax” or “this is a diffle”) leads 3-years-old children to
infer that other objects of the same shape are “dax” or “diffle” (Becker
& Ward, 1991; Landau, Smith, & Jones, 1988). Deductive inference as
such does not exist at this phase but representations may be co-
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activated as components of an experiential block yielding inferences
based on the episodic flow of events (e.g., it rains, so we need an um-
brella) (Demetriou et al., 2014a,b).

At the age of 4 years children start to be able to focus on the compo-
nents of representations. For instance, they can map number words or
number digits with arrays of up to 6 elements but they do not yet
align the two symbol systems with each other. At 5 years they can
align all three sets of representations with each other. When this is pos-
sible, children start to build concepts in different domains: There must
be at least two representations to conceive of a class (e.g. “our cat is
an animal”), a quantity (e.g., “Anna has 3 and I have 2; she has more
thanme”), a cause-effect relation (e.g., “Mary spilled themilk”), a spatial
relation, (e.g., “the toy car is “on top of” the book”), or make an infer-
ence. Alignment of representational ensembles in this phase optimizes
inductive choices and allows deals based on pragmatic reasoning: “We
agreed I can play outside if I eat my food; I ate my food; so I go to play
outside” (Demetriou, Spanoudis, & Shayer, 2014). This will be raised
later into deductive inference.

Early in the next cycle, at 7–8 years there is a shift from “realistic”
representations that are visible to the “mind's eye” to the inferential
threads inter-linking them. At the beginning these may function as se-
mantic ensembles defining generic concepts, such as object classes,
number, causal attributions, etc. The integration of various conceptual
spaces related to number, such as object arrays, number words,
counting, digits, etc., into a common mental number line is a good ex-
ample of an underlying mental construct in the domain of quantitative
reasoning (Dehaene, 2011). In the next phase of this cycle, the dimen-
sions or rules defining semantic ensembles can systematically be
aligned with each other, yielding hierarchical reasoning about catego-
ries and relations. This is also reflected in children's facility in handling
analogies and metaphors (e.g., “teachers are to schools as parents are
to families” or the matrices included in the Raven test). Also deductive
reasoning involving simple logical schemes such as modus ponens is
possible.
2. The present study

The aim of the present study is twofold. On the one hand, it aims
to examine the predictive power of PIPS from the age span 4–5 years
to the second primary school year at age 6–7. Does PIPS compares
well to other similar tests (correlations from 0.30–0.66)
(Blatchford, Burke, Farquhar, Plewis, & Tizard, 1987; Stuart, 1995)
for this early phase of school life? Thus, it is important to also exam-
ine its developmental validity. On the other hand, this is an interest-
ing period to study because we have two transitions of different
nature. According to the developmental patterns described above,
in the 4–5 year period we have the transition from global represen-
tations to differentiated representations that may be aligned. The
dominant skill at this phase is representational alignment which al-
lows mapping representations onto each other, searching for their
similarities and differences and building new representations
(metarepresenting) that would integrate the results of this align-
ment process. At 6–7 years, children shift from the cycle of mental
representations to the cycle of rule-based representations. The dom-
inant skill at this phase is inference as such which allows the evalu-
ation and refinement of the relations between representations
induced earlier. It is thus interesting to use a very large data base
that was created for use in schools to examine several psychometric
and developmental hypotheses related to the theory outlined above.
The present study will provide a refined picture of how mental pro-
cesses on entrance to school relate to school learning a few years
later. Therefore, this study will shed light on the concept of school
readiness from both a differential/developmental and an educational
point of view (Duncan et al., 2007; UNESCO, 2016). Our predictions
are:
1. In relation to development, there should be systematic improvement
of performance on all abilities between age 4 and 5 years of age rep-
resented in the first testingwave, reflecting the transition from glob-
al representations to representational alignment.

2. In relation to structure, two predictions may be pitted against each
other. (i) The first would assume a phase-sensitive structure of cog-
nitive processes. In this case, performance at each testing wave
would be represented by a different general factor, each standing
for the specificities in organization and interaction between process-
es that is specific to each phase. In this case, a relation between the
two factors lower than unity would be expected. This model would
be consistentwith the developmentalmodel above assuming that re-
lations between processes are reorganized in different cycles to ex-
press differences in representational and processing characteristics.
Alternatively, (ii) a common general factor would be sufficient to ac-
count for performance at both testing waves. This model would be
consistent with psychometric theory which assumes that g stays un-
changed in development. Thus, g expresses itself as a commondevel-
opmental process powerfully orchestrating developmental change
and learning over time.

3. According to the developmental model summarized above, each
cycle is associated with specific representational characteristics. In
the present time span, representational alignment dominates in the
4–6 years phase. Reading is a strong index of this process because it
requires mapping multiple systems onto each other, such as sounds
to letters or words to writing movements. Inference dominates in
the 6–8 years phase. Twomajor predictions follow from this assump-
tion, one concerning relations between g and specific abilities within
each of the two phases and one concerning these relations across
phases.With respect to thefirst, (i) it is expected that the relation be-
tween g and specific processes that are central to its operation in
each phase would increase with increasing g. Reading in the first
and reasoning in the second phase would strengthen with increasing
g to reflect the dominant processes in the formation of the core
discussed above. Other abilities that are less central in the formation
of g may differentiate with increasing g to indicate that there may be
wider variation of performance in more able children as compared to
less able children (Molenaar, Dolan, Wicherts, & van der Maas, 2010;
Spearman, 1927; Tucker-Drob, 2009;). With respect to the second,
(ii) it may be expected that reading at first testing would have addi-
tional predictive power over g vis-à-vis g at second testing. This
would indicate that an advantage in mental processes dominating in
the first phase (representational alignment) facilitates transition to
rule-based cognition, providing a special developmental advantage
to children who are better than other children in this regard. (iii) The
psychometric model would not predict any difference between the
various processes because these are assumed to be equally related to g.

4. There is literature suggesting that boys and girls develop at different
rates, especially in language (Gleason & Ratner, 2008; Hyde & Linn,
1988). Based on the discussion above, this suggests that girls may
have a developmental advantage related to representational align-
ment. This predicts (i) that girls will outperform boys, especially in
reading; (ii) reading in girls may be a stronger predictor of perfor-
mance at second testing than in boys. However, (iii) no differences
are predicted in mathematics or reasoning, as these differences ap-
pear latter on in adolescence, if any (Hyde, 2005).

3. Method

3.1. Participants

A total of 1073 children were assessed twice. The first testing took
place at the start of the first year of school in England, known as the Re-
ception year; this year corresponds to the preparatory preschool year in
most other European countries. The second testing took place half way
through the third year of school in England, known as Year 2, when the



Table 1
Description of tasks in the PIPS assessment.

Name of
section

Description Number of
items &
scoring

Draw A
person

Children asked to draw a person and this was rated
on a five-point scale.

1 item
score of 1–5

Writing Children asked to write full name and the quality
was rated on a five-point scale.

1 item
score of 1–5

Pictures Children shown a page with nine pictures. They
were asked to point to items such as a crocodile.

9 item
each scored
one mark

Matching Children shown symbols or letters and asked to find
matching image from a choice of three options.

16 items
each scored
one mark

Ideas about
reading

Children shown a picture scene and asked to
distinguish between people who are reading and
writing, and identify features of writing such as
pointing to a word and a letter of the alphabet

6 items
each scored
one mark

Letters Administrator pointed to a letter of the alphabet and
asked the children if they could say what it was. A
mixture of upper and lower case letters covering all
letters of the alphabet were included in section.
Letter sound or name was accepted as correct.

26 items
each scored
one mark

Words Administrator pointed to a word and asked children
to read it aloud.

9 items
each scored
one mark

Rhymes Children listened to a series of three words said by
the administrator at the same time as looking at
pictures of the words. Children were asked to say
which word rhymed with the first word. e.g. ‘Mouse,
House, Moon’.

6 items
each scored
one mark

Repeats Administrator said a nonsense or unfamiliar word
and children were asked to repeat each word.

8 items
each scored
one mark

Count Children were asked to count a number of objects up
to a maximum of 25.

Score 0–25

Sums A Addition and subtraction items. e.g. Children shown
picture of two cats and administrator said: ‘Here are
two cats. If one more was added to the picture, how
many would there be?’

6 items
each scored
one mark

Sequences Sequences of pictures and symbols 7 items
each scored
one mark

Numbers Single and double digits were shown to the children.
Administrator asked ‘Do you know what this
number is?’

15 items
each scored
one mark

Sums B More advanced arithmetic (e.g., 2 + 2=) 4 items
each scored
one mark

Note: for more information about the PIPS Baseline assessment, see Tymms, Merrell, and
Henderson (1997). Tymms (1999) and www.ipips.org
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children were aged 6–7 years. Age at first testing varied from 4.01 to
5.00 years. There were 610 boys (mean age = 4.53, SD = 0.28) and
481 girls (mean age = 4.53, SD = 0.29). The large number of children
and their relatively even distribution across the 12 months of the fifth
year of life allowed examining the possibility of developmental changes
within this year. Thus, for the purposes of some of the analyses to be de-
scribedbelow, these childrenwere organized into four age groups. From
younger to older, the mean age of the four groups was 4.12 (SD= 0.07,
N = 226), 4.37 (SD = 0.07, N = 265), 4.62 (SD = 0.07, N = 287), and
4.88 years (SD = 0.07, N = 295), respectively.

Schools joined the PIPS project voluntarily and in the majority of
cases it was the Local Authority which joined on their behalf and thus
all schools in the authority joined. Once a school joined, all children
starting school were assessed unless they could not communicate well
enough to be assessed due to language difficulties or some other special
need. Checks of socio-economic status through the home postcode
linked to census data indicated the sample was representative of the
population of England.

3.2. Task battery and procedure

The PIPS On-entry Baseline assessment was used. PIPS was created
by Peter Tymms in 1994 and then developed with Christine Merrell. It
was intended to provide teachers with a profile of their pupils' develop-
ment within the first few weeks of them starting school for formative
purposes and also to provide a reliable and valid measure from which
progress could be measured. Details of the sections are presented in
Table 1. It can be seen that there were tasks which addressed reading
(letter recognition, word recognition, word repetition and word rhym-
ing), arithmetic (counting and addition and subtraction of small (1–3)
and larger numbers (4–7), and general problem solving standing for
fluid reasoning (draw a person, symbol matching which required to
match pictures with symbols or letters, and sequencing of pictures
and symbols according to a rule.

PIPS was administered by an adult within the first few weeks of the
child starting school (commonly the class teacher) working with one
child at a time. The assessment was presented in a manual which
contained the instructions and items. There were fourteen sections,
each of which consisted of a sequence with stopping rules so that
when a child started to make mistakes they moved onto the easiest
item in the next section. This provided reliable data and was an enjoy-
able experience for the child. Cronbach's alpha of this test overall at
first testing was high (0.84).

The second testing involved tests similar but not identical to the
tests included in PIPS. It addressed the following four domains: Reading
(word reading and passage reading with multiple choice of words em-
bedded in the text);mathematics (arithmetic, shapes, problems, graphs
and tables directly related to the national curriculum of England at the
time); vocabulary (picture naming); inductive reasoning (a pattern of
dots has to be identified in a larger array based on similarity identifica-
tion and rule induction). Cronbach's alpha of the tasks overall used at
second was also high (0.85)

4. Results

4.1. Developmental patterns and group differences

To specify the possible influence of the various factors examined, a 4
(four age groups) × 2 (the two testingwaves) × 3 (mean reading, mean
mathematics, and mean fluid cognition) repeated measures ANOVA
was run (following Bonferroni, significance for p b 0.003; type I SS are
used). The main effect of age was highly significant, F (3, 1004) =
18.428, p b 0.0001, ηp

2 = 0.05, reflecting the fact that performance im-
proved extensively throughout both the 5th and the 7th year of life.
The main effect of gender F (1, 1044) = 2.839, p N 0.09, and the age x
gender interaction, F (3, 1044) = 0.835, p N 0.10, were non-significant.
The main effect of wave was not significant, F (1, 1044) = 1.035,
p N 0.10, due to the nature of z scores (both testing waves have a
mean of 0). However, testingwave interacted significantly with gender,
F (1, 1044) = 10.533, p b 0.001, ηp

2 = 0.01, indicating that girls
outperformed boys at first wave but the difference was inverted at sec-
ond wave. Also, the process x gender, F (2, 1043) = 14.283, p b 0.0001,
ηp
2 = 0.03, and the wave × process × gender interaction, F (2, 1043) =

44.659, p b 0.0001,ηp
2=0.08,were highly significant. These interactions

indicated that there was a relative superiority of girls at first wave (i) in
reading (Cohen's d = −0.126) and (ii) mathematics (Cohen's
d = −0.132) which, at second wave, increased in reading (Cohen's
d = −0.273) but disappeared in mathematics (Cohen's d = −0.013);
interestingly, an advantage of girls in Gf at first wave (Cohen's
d=−0.265) was inverted at secondwave (Cohen's d=0.243). There-
fore, it is clear that genders develop at different rates, with girls matur-
ing earlier and boys catching up later, especially in more general
processes. The means and SD of the various measures involved in this
analysis are shown in Table 2. The dominant patterns of the various ef-
fects are illustrated in Fig. 1. It is interesting to study the relations be-
tween processes at the various age phases studied here.

http://www.ipips.org


Table 2
Mean z scores and SD across age, gender, testing wave and ability.

Age Sex Reading 1 Maths 1 Gf 1 Reading 2 Maths 2 Gf 2

4–3 Boy Mean −0.179 −0.227 −0.276 −0.235 −0.217 −0.217
SD 1.121 1.007 0.753 1.011 1.083 1.083

Girl Mean −0.187 −0.270 −0.156 −0.158 −0.303 −0.303
SD 0.904 0.946 0.719 0.935 0.956 0.956

4–6 Boy Mean −0.178 −0.239 −0.171 −0.378 −0.148 −0.148
SD 1.009 0.933 0.678 1.016 1.024 1.024

Girl Mean 0.0110 −0.111 0.088 0.055 −0.031 −0.031
SD 0.960 0.943 0.682 0.927 0.938 0.938

4–9 Boy Mean −0.045 −0.022 −0.061 −0.156 0.132 0.133
SD 0.966 0.919 0.666 1.030 0.980 0.980

Girl Mean 0.139 0.203 0.157 0.259 0.236 0.236
SD 0.924 0.876 0.667 0.926 0.956 0.956

5–0 Boy Mean 0.206 0.231 0.151 0.159 0.340 0.340
SD 1.013 1.120 0.7836 1.006 1.022 1.022

Girl Mean 0.292 0.360 0.348 0.276 0.302 0.302
SD 0.984 0.989 0.807 0.841 0.903 0.903

Age specified in years-months.
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4.2. Relations between processes

Structural equation modeling was employed to investigate the
structure and the relations between the processes studied here. To at-
tain this aim, several mean scores were created for each process at the
two testingwaves. Formathematics therewere three scores atfirst test-
ing: counting, adding small numbers, and adding large numbers. For
reading, there were scores for writing, ideas about reading, letter recog-
nition, and rhymes. For fluid cognition, there were scores for the draw a
person task, induction of relations in a serial pattern, Raven-like figure
matching, and picture arrangement. At the second testing, there were
four scores: reading, vocabulary, mathematics, and reasoning. The raw
correlations between these variables at the level of the total sample
are shown in Table 3. The raw correlations according to gender and
age are shown in Supplementary Table 1. It can be seen that most of
the correlations between these measures were highly significant in all
groups.

A first set of models were tested on the whole sample. Two models
were pitted against each other, to test the two alternative versions of
the second prediction. In line with prediction 2i, in the first model,
there was one factor for each of the three sets of scores at first testing
(i.e., mathematics, reading, and Gf), a higher-order general factor (G1)
related to all three first-order factors at first testing and a common gen-
eral factor (G2) factor related to all four scores at second testing. In con-
cern to the relations between G1 and G2, there were three versions of
this model. The first version assumed no relation between the two fac-
tors. The fit of this model was poor, χ2 (87) = 1531.19, CFI = 0.79,
RMSEA= 0.121 (CI = 0.115–0.126), model AIC= 1357.19. The second
version assumed that the relation between G1 and G2 equals unity. The
fit of this model, although better, it was not acceptable, χ2 (87) =
985.99, CFI = 0.87, RMSEA = 0.095 (CI = 0.090–0.101), model
AIC= 811.99. In the third version, the relation between the two factors
Fig. 1. Performance at first wave as a func
was allowed to vary freely. The fit of this model was significantly better
than the secondmodel above (Δχ2 (1)=350.12, p b 0.001) and accept-
able, χ2 (86)= 635.87, CFI= 0.92, RMSEA=0.075 (CI= 0.069–0.080),
model AIC= 463.87. It is noted that allowing the error variances of the
draw aman test and writing to covary (implying constraints exerted by
factors related to using a writing tool), resulted in a large improvement
inmodel fit, χ2 (85)=535.01, CFI= 0.94, RMSEA=0.068 (CI=0.063–
0.074), model AIC = 365.01, (Δχ2 (1) = 100.86, p b 0.001). This is the
model presented in Fig. 2. To compare prediction 2i with prediction
2ii, factor G2 was dropped and all four second testing measures were
regressed on G1, which is thereby rendered common to the two testing
waves. The fit of this model was much weaker than the fit of the fourth
model above, χ2 (86) = 758.80, CFI = 0.83, RMSEA = 0.083 (CI =
0.077–0.088), model AIC = 586.80.

Therefore, it is clear that prediction 2i dominated over prediction 2ii,
implying that specificities in the organization of cognitive processes in
different phases of development and learning may alter the organiza-
tion of mental processes. It is noted that all factors were clearly identi-
fied, as all relations between all first wave factors to G1 (all N 0.9) and
all second wave factors to G2 (all N 0.65) were very high. We take this
factor to stand for the AACog core outlined in the introduction. The
G1–G2 relation was also very high (0.86). It is noted that this relation
reflected the fact that G1 exerted significant and high indirect effects
on all four second wave measures (0.72, 0.74, 0.62, and 0.55 for arith-
metic, reading, vocabulary, and Gf, respectively). In concern to predic-
tion 3, in this model, it was meaningless to test if there was any
additional impact of first testing reading on second testing G2 because
the variance of reading was fully absorbed by G1.

To test if these relations vary as a function of age, the best fitting
model was tested in a two-group analysis in which the two younger
age groups described in method formed one group and the two older
age groups formed another group. This model was first tested under
the strict constraint that all indicator-factor relations and all factor-fac-
tor relationswere equal across the two groups. These constraints imple-
ment the assumption that all measures were equally good indexes of
the latent factors in the two groups and that these groups are structur-
ally identical. The fit of this model was acceptable, χ2 (180) = 603.14,
CFI = 0.93, RMSEA = 0.066 (CI = 0.060–0.071), model AIC = 243.14.
To test if structural relations may vary between groups, the constraint
that the relations between G1 and G2 would be equal between groups
were released. Also, to examine the third prediction above, theG2 factor
in the older age group was regressed on both the residual of the first
testing reading and the mathematics factor, in addition to G1. This
was not possible in the younger age group because there was no resid-
ual variance left for these factors. The fit of this model was significantly
better than the model above, χ2 (177) = 592.08, CFI = 0.94, RMSEA=
0.065 (CI = 0.060–0.071), model AIC = 238.08, (Δχ2 (3) = 11.06,
p b 0.025). In this model, the G1–G2 relation in the younger group
was very high (0.84). In the older age group, this relation was also
very high (0.80). In addition, however, the relation between the first
wave residual reading factor and G2 was significant and high (0.60);
tion of age group, ability, and gender.



Table 3
Correlations between the variables used in structural equation modeling (total sample, N = 1073).

Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1. Draw per 1.000
2. Pictures 0.295 1.000
3. Sequences 0.264 0.347 1.000
4. Matching 0.365 0.370 0.359 1.000
5. Counting 0.326 0.318 0.402 0.409 1.000
6. Sums A 0.338 0.352 0.455 0.415 0.508 1.000
7. Sums B 0.091 0.071 0.148 0.147 0.149 0.217 1.000
8. Writing 0.544 0.319 0.320 0.448 0.448 0.435 0.195 1.000
9. Ideas read 0.269 0.457 0.312 0.394 0.250 0.329 0.073 0.322 1.000
10. Letters 0.351 0.269 0.345 0.450 0.522 0.458 0.251 0.543 0.261 1.000
11. Phonics 0.352 0.428 0.426 0.449 0.438 0.437 0.165 0.419 0.390 0.422 1.000
12. Y2 math 0.371 0.345 0.320 0.453 0.468 0.472 0.177 0.481 0.362 0.498 0.443 1.000
13. Y2 read 0.430 0.367 0.343 0.455 0.480 0.476 0.177 0.536 0.351 0.590 0.480 0.734 1.000
14. Y2 vocab 0.304 0.470 0.320 0.374 0.376 0.419 0.130 0.403 0.396 0.493 0.470 0.587 0.606 1.000
15. Y2 reason 0.296 0.261 0.314 0.379 0.390 0.390 0.151 0.376 0.245 0.370 0.365 0.572 0.531 0.467 1.000
Mean z 0.020 0.002 0.007 0.004 −0.001 0.002 −0.000 0.015 0.011 0.014 −0.001 0.059 −0.023 −0.169 0.056
SD 1.012 1.023 0.995 0.995 0.996 1.002 0.996 1.006 0.992 1.002 1.000 1.011 0.993 1.094 0.9734

R = 0.074, p b 0.01; R = 0.144, p b 0.0001.
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the relation between G2 and the residual mathematics factor was non-
significant (0.18) (see Fig. 2).

4.3. Differences between genders

To examine possible differences between the genders, the model
shown in Fig. 2 was tested separately on the two genders, under the as-
sumption that themeasurement-factors relationswere equal across the
two genders but the factor-factor relations may vary. In this model, the
G2 factor was regressed on both the G1 and the residual first testing
reading factor. The fit of the model was also good, χ2 (178) = 613.01,
CFI = 0.94, RMSEA = 0.066 (CI = 0.060–0.071, model AIC = 257.01).
The G1-G2 relation was high in both genders (0.84 and 0.81 for boys
and girls, respectively). The G2-reading relation was appreciable in
both boys (0.54, z = 1.50, p N 0.05) and girls (0.58, z = 2.32,
p b 0.001) but it was significant only for girls (see Fig. 2). These findings
are in line with prediction 4 (ii).

4.4. Differentiation with ability and growth

To specify the possible differentiation of processes as a result of in-
creasing ability or age a model recently proposed by Tucker-Drob
(2009) was employed. This is a structural equationmodel which allows
a test of the possible differentiation of abilities with increasing g and/or
development. This model specifies how abilities relate to g, age, a factor
standing for possible differentiation of abilities from g according to in-
creasing g, and a factor standing for a possible differentiation of abilities
Fig. 2. Structural equation models of the relations between abilities. Note: the first row in each
model applied on the two age groups (younger, older), and the third comes from the model ap
as a function of age. Technically, a standardized measure of each ability
is regressed on a common factor standing for g, on age, on quadratic g,
and on the age × g product to stand for the relations specified above, re-
spectively. This model was tested on the whole sample separately on
each of the two testing waves. For the first wave, there were four
mean z scores: reading (letters andword), phonological ability (rhymes
and repeats), mathematics (mean of all three scores addressed to num-
bers), and reasoning (mean of sequence, pictures and draw a man). All
four scores available at the secondwavewere used (mathematics, read-
ing, vocabulary, and reasoning. The model was tested separately on
each wave rather than in a single model that would include both
waves because, first, this would highlight any possible differences be-
tween the two developmental phases represented by the two waves.
Additionally, the models already presented above suggested that as-
suming a separate general factor for each wave is preferable over as-
suming one factor.

Themodels for each wave were tested in a stepwise fashion. That is,
at a first run, the four ability-specific indexes abovewere regressed only
on g (AIC= 9912 and 11,252, for the twowaves, respectively). The sec-
ond run included g and age (AIC = 9494 and 10,829). The third run in-
volved two alternative models: (i) in the first, the ability differentiation
quadratic g index was also included in each equation (AIC = 8665 and
10,754); (ii) in the second, quadratic g was dropped and age differenti-
ation (g × age) factor was used (AIC= 9911 and 11,834). Finally, all in-
dexes were included in the model (AIC = 8651 and 10,756).

Step-wise comparisons of the successive models in each age group
(see AIC indexes above) suggest that adding the ability differentiation
set comes from the model applied on the whole sample, the second row comes from the
plied on genders (boys, girls).
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factor in themodel including g and age resulted in a large improvement
of themodel fit in bothwaves. Thefit of themodel including both differ-
entiation factors was either basically the same or slightly weaker than
the fit of the model including ability differentiation only. Therefore, at
a global level, the data supported the operation of ability differentiation
but not age differentiation which appeared redundant to ability
differentiation.

The results of the two full models are summarized in Table 4. “It is
important to inspect the direction and statistical significance of each
of the terms in order to evaluate whether the ability differentiation
and age differentiation hypotheses were supported. To accept such sup-
port, the parameters should be in directions indicative of lower loadings
at high ability levels, [and] lower loadingswith increasing childhood age
…Moreover, the effects should not be isolated to a single broad ability,
but should instead be statistically significant and consistent in direction
formultiple abilities.” (Tucker-Drob, 2009, p. 17). In other words, signif-
icant negative relations between the differentiation constructs and spe-
cific abilities would indicate differentiation. Significant positive
relations would imply de-differentiation or tightening of relations be-
tween g and specific abilitieswith increasing g. Non-significant relations
would imply that differences in are not connected to any specific pat-
tern in a given ability.

Inspection of Table 4 suggests that there are both similarities and dif-
ferences between the two testingwaves, such that the overall pattern is
consistent with prediction 3i. It can be seen that there is differentiation
at both waves in some abilities. Specifically, (mathematics = −0.112
and −0.165, p b 0.0001 for both, respectively), phonics, (−0.218,
p b 0.0001) and reasoning (−0.141, p b 0.001) appear differentiated
with increasing g at first wave; mathematics (−0.159, p b 0.0001)
and reading (−0.08, p b 0.05) did but vocabulary (−0.05, p N 0.10)
did not differentiatewith g at secondwave. As expected, however, read-
ing was found to de-differentiate with both g (0.375, p b 0.0001) and
age (0.241, p b 0.02), at first wave; reasoning de-differentiated at sec-
ond wave (0.11, p b 0.005). In other words, some abilities within each
phase increase with g reflecting the cognitive priorities of the phase
concerned. In the 4–5 years phase, learning reading is a process
reflecting representational alignment par excellence. It was precisely
this ability that was found to augment with increasing g. In the 7th
year of life, g is primarily specified by rule-based inference. Hence, it
was in this phase that reasoning appeared to augment with g. Abilities
that are not directly tied to these priorities may differentiate with in-
creasing g to reflect differences between individuals in learning priori-
ties or opportunities. The implications of these findings will be
discussed below.
5. Discussion

The present findings suggest useful theoretical implications for de-
velopmental and psychometric theory and practical implications for ed-
ucation and clinical practice. These are discussed below.
Table 4
Full model testing ability and age differentiation across testing waves on total sample.

Ability g Age g2 Age × g

Wave 1
Arithmetic 0.817 0.677 −0.117 (−0.175–0.060) −0.021 (−0.292–0.250)
Reading 0.784 0.277 0.390 (0.319–0.461) 0.241 (−0.015–0.498)
Phonics 0.678 0.503 −0.226 (−0.294–0.158) −0.186 (−0.481–0.110)
Reasoning 0.566 0.547 −0.146 (−0.194–0.098) −0.039 (−0.261–0.183)
Wave 2
Arithmetic 0.863 0.785 −0.159 (−0.214–0.105) −0.106 (−0.305–0.093)
Reading 0.802 0.567 −0.081 (−0.183–0.021) −0.033 (−0.285–0.218)
Vocabulary 0.798 0.212 −0.053 (−0.147–0.041) 0.008 (−0.259–0.276)
Reasoning 0.683 0.444 0.111 (0.009–0.214) 0.025 (−0.267–0.317)

Note: numbers are estimates in all cases but the standardized relations in the linearmodel
(99% confidence intervals in parenthesis). Significance: bold: p b 0.05; italics: p b 0.10.
5.1. Implications for developmental theory

It is recalled that, in linewith thefirst prediction, therewere system-
atic changes throughout the fifth year of life in all of the processes ad-
dressed (Fig. 1). In line with developmental theory, these changes
indicate that during this year children start to access theirmental repre-
sentations as such, scan their components, and inter-related them. This
process is highly important especially in concern to reading andwriting
because these processes require mapping representations onto each
other and integrating them into smoothly running complex skills.

In developmental theory, a year of age is often taken as a single point
that is compared to the preceding and following years. In fact, in stage
theories of cognitive development (Piaget, 1970; Case, 1985; Fischer,
1980; Halford, Wilson, & Phillips, 1998) periods longer than a year are
taken as envelopes which are characterized by a particular cognitive
profile that is considered to be more or less stable within the age limits
concerned. The present findings call attention to a phenomenon known
to all those dealing with learning in children, educators par excellence:
They suggest that a year in early childhood is a long time where impor-
tant changes take place, especially in the case of transition years when
mental processes shift from one dominant paradigm of representation
to another. Thus, interventions may be more likely to succeed in a par-
ticular time window in this short period rather than in another time
window. This is further discussed below. It is also notable that ability
in the fifth year of life was strongly predictive of attainment two years
later, in the second primary school year. Obviously, the new mental
structure formed at 6–7 years emerges from these constructions at 4–
5 years (prediction 2i). It is also to be stressed that, in line with the
third prediction, reading skills in the second half of age 4 bear extra pre-
dictive power, indexing the alignment processes that dominate in this
developmental phase. Therefore, the present findings call attention to
processes that may be more indicative of children's school readiness
rather than other measures (Duncan et al., 2007; UNESCO, 2016).

5.2. Implications for psychometric theory.

There is a long debate in psychometric theory about the relations be-
tween g and specific processes at different levels of g (e.g., different IQ
levels). Spearman (1927) suggested that abilities differentiate from
each other with increasing g because higher ability allowsmore flexible
learning in different domains causing abilities to depart fromeachother.
The developmental adaptation of Spearman's differentiation hypothesis
assumes that abilities differentiate with growth because of develop-
ment in g. Although earlier research provided some support to this hy-
pothesis (Deary et al., 1996; Detterman &Daniel, 1989), recent research
employing stricter modelingmethods provided rather weak and incon-
sistent evidence in favor of ability differentiation and no evidence for
age differentiation (Molenaar et al., 2010; Tucker-Drob, 2009). Thefind-
ings offer a reason for this state of affairs. Both differentiation and de-
differentiation of specific mental processes vis-à-vis g may happen but
they are phase-specific and ability-specific. It is noted that these differ-
entiation-de-differentiation patterns are not specific to this study. Sev-
eral recent studies showed that similar patterns were found across all
developmental cycles from 4 through 17 years of age: at the beginning
of each cycle relations of g with processes that initiated the cycle but
they then automate, such as attention control, become loose; relations
of g with processes that consolidate the cycle, such as processes driving
inference and awareness about it, get strengthened (Demetriou,
Spanoudis, Kazali, Mouyi & Zebec, submitted; Makris, Tachmatzidis,
Demetriou and Spanoudis, in press).

Naturally, highly able children have more cognitive capital to invest
in their interests or match with environmental opportunities resulting
with high performance in one domain and lower in another domain.
Less able children tend to perform more uniformly across domains.
Therefore, the present study contributes to the integration of develop-
mental and psychometric theory because it shows how powerful
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developmental processesmay contribute to the nature and timing of in-
dividual differences in mental functioning and learning. In fact, in line
with the fourth prediction, differences in the rate of development of
these skills in different groups of the population are predictive of
broad group differences, such as gender differences.

5.3. Educational and clinical implications

The findings are relevant for both assessment and intervention in
schools. Cognitive testsmust be refined enough to capture theparticular
events occurring in each successive micro-period of development that
may span over several weeks or months of life, because these may be
important for later achievements. Also, valid tests must address both
domain general and domain-specific processes to specify the child's
specific state of command of each of them. In concern to domain-gener-
al processes, diagnosis would have to focus on the child's resolution of
awareness of processes and its executive ability to work on them in
order to compare, differentiate, or integrate them. For domain-specific
processes, diagnosis would have to focus on the command of specific
skills of interest that are needed to meet specific learning tasks, such
as reading, writing, and dealing with numbers. The present findings
suggest that lags at any level may be the source of level-specific prob-
lems. On the one hand, weakness in central awareness and executive
may hinder the integration of lower level skills that may be available,
such as letter recognition, script skills, counting and enumeration skills
etc. On the other hand, weakness in specific skills such as those men-
tioned here may leave otherwise efficient central abilities devoid of
the content that is necessary for them to function and open transition
to a next level of development or learning. This study showed that the
PIPS baseline generates information relating to key features of children's
developing domain-general and domain-specific profileswhich are pre-
dictive of later performance in reading, mathematics, and vocabulary,
and problem solving.

It is also notable that predictive power varies as a function of an in-
teraction between age, ability, and gender. Specifically, on the one hand,
all subtests are very strong predictors because they are all derivatives of
a strong generalmental ability construct. On the other hand, the predic-
tive power of each varies in development, depending upon its develop-
mentally sensitive contribution to the formation of general inferential
processes. Specifically, reading provides extra predictive power at age
4, although this is higher if made from the second rather than the first
half of the fifth year; for girls it may take place even from the first half,
reflecting their relatively earlier language proficiency. Mathematics in
this age period does not provide any extra predictive power because it
is fully absorbed by the mental common core. This study suggests that
PIPS may be used early when children enter preschool to spot children
who are in need for special support to master school related skills,
such as reading and mathematics.

These findings suggest that interventionsmay bemore likely to suc-
ceed in a particular time window rather than in another time window.
Moreover, to succeed, interventions need to focus on the specific abili-
ties that are under formation in this particular timewindow. Specifical-
ly, it is suggested that it might be very useful to develop special
intervention programs and guidance for teachers addressed to the
alignment processes underlying learning priorities at the start of school.
Special training programs to facilitate children's awareness of their rep-
resentations,mentally focus on them, analyze their components, and re-
late them to symbols, such as writing, script, and other pictorial
material, may enhance their learning of school-relevant concepts and
skills, such as number, reading, and writing (Demetriou, 2014;
Demetriou, Spanoudis, &Mouyi, 2011; Greiff et al., 2014). Research sug-
gests that involving preschool children in programs specifically de-
signed to strengthen these skills in preschool significantly benefits
their learning in primary school (Howes et al., 2008). In early primary
school, emphasis must shift to underlying relations and their encoding
into usable rules. That is, children must refine their understanding of
the process- and rule-specific constrains of relations between
representations.

Further, this test may be used as a preliminary tool for identifying
children in need of further, more focused, diagnosis for possible prob-
lems in more central processes, such as executive control and working
memory. That is, children performing low on PIPS may be referred for
testing by tests specifically addressed to executive control and working
memory. These problems are often associated with more severe learn-
ing difficulties, such as the attention deficit and hyperactivity disorder.
It is well established that early diagnosis and treatment of these prob-
lems reduces the risks for both learning and adaptation problems to
the school environment (Diamond, 2013; Dougherty et al., 2015; Jogi
& Kikas, 2015). The time is ripe to take the new understandings forward
and to bring them to the attention of teachers, teacher educators and
policy makers so that a new approach which integrates all of our in-
sights can be taken forward.

Onemight suggest that this study is limited in several respects. Spe-
cifically, it addressed processes relevant to one particular educational
system, England, and one language, English. Also, it addressed only
some of the educationally relevant processes, related to literacy and nu-
meracy, ignoring others, such as executive and working memory pro-
cesses. Obviously, this study presents an assessment that would have
to be adjusted to other educational systems by drawing on relevantma-
terial and educational aims and paired to tests addressing other cogni-
tive and probably social processes and skills.

Appendix A. Supplementary data

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.lindif.2017.01.023.
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