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ABSTRACT
In this paper, we examine the national curricula for primary math-
ematics for each of the four constituent nations of the United
Kingdom (England, Northern Ireland, Scotland and Wales) for the
estimation-related opportunities they offer children. Framed against
four conceptually and procedurally different forms of estimation
(computational, measurement, quantity and number line), the anal-
yses indicate that computational estimation and measurement
estimation were addressed in all four curricula, albeit from a skills-
acquisition perspective, with only the Scottish offering anymeaning-
ful justification for their inclusion. The process of rounding, absent in
the Northern Ireland curriculum, was presented as an explicit learn-
ing objective in the English, Scottish and Welsh curricula, although
it was only the Scottish that made explicit the connections between
rounding and computational estimation. In all curricula, both quan-
tity estimation and number line estimation were effectively absent,
as was any explicit acknowledgement that learning to estimate, irre-
spective of its form, has a developmental role in the learning of other
mathematical topics.
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1. Introduction

Over the last decades, much attention has been paid to so-called twenty-first century skills.
Generally, these refer to broad competences frequently related to, for example, communi-
cation, collaboration or technological literacy (Binkley et al., 2012). However, as we show
below, a skill that has been meaningfully employed in human societies for millennia is
typically missing from such repertoires. Estimation ‘is a pervasive activity in the lives of
both children and adults’ (Booth & Siegler, 2006, p. 189), a core skill of everyday life and
a determinant of later arithmetical competence (Sasanguie et al., 2013; Schneider et al.,
2009), particularly in respect of novel situations (Booth&Siegler, 2008;Holloway&Ansari,
2009).

Unfortunately, an ongoing failure of textbooks to address estimation (Grossnickle, 1935;
Hong et al., 2018) may have contributed to many teachers having an underdeveloped
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conception of the topic (Alajmi, 2009; Subramaniam, 2014) and uncertainty as to why
and how they should teach it (Joram et al., 2005). That said, an issue missing in the
estimation-related literature is the role played by curricula. Therefore, it seems judicious to
examine whether concerns raised forty years ago remain today; that the ‘cursory treatment
given to estimation in most mathematics programs is insufficient to build any apprecia-
ble estimation’ (Bestgen et al., 1980, p. 124). In this paper we examine qualitatively the
role of estimation in the mathematics curricula of the four educational jurisdictions of
the United Kingdom – England, Northern Ireland, Scotland and Wales – with the aim of
understanding how these different but closely related systems conceptualize this important
topic.

2. What is estimation and why is it important?

In broad terms, children’s mathematical learning is justified in two ways. The first, the
psychological, concerns the developmental role of estimation in children’s learning of
mathematics in general and its potential for identifying developmental problems in par-
ticular. The second, the pragmatic, refers to the significance of various forms of estimation
in different real-world contexts. In the following, while conscious of the latter, we focus
principally on the former. Also, estimation has historically taken three forms; computa-
tional estimation,measurement estimation and quantity (or numerosity) estimation (Sowder,
1992). Today, a fourth form,number line estimation, has become a familiar sight in the fields
of cognitive psychology, mathematics education and special needs education (Sayers et al.,
2020a). In the following, we examine, albeit briefly, these four forms of estimation, their
characteristics and relevance to the teaching and learning of school mathematics.

2.1. Computational estimation

Of all the forms of estimation, computational estimation seems to be the least well-defined.
On the one hand, for example, Dowker (1992, p. 45) describes it as the process of ‘making
reasonable guesses as to the approximate answers to arithmetic problems, without or before
actually doing the calculation’. On the other hand, Ainsworth et al. (2002, p. 28) write
that computational estimation refers to ‘the process of simplifying an arithmetic problem
using some set of rules or procedures to produce an approximate but satisfactory answer
through mental calculation’. In similar vein, Siegler and Booth (2005, p. 199) assert that it
involves ‘approximating the correct magnitude rather than calculating the exact answer’.
In short, while all three definitions equate estimation with approximation, the latter two
avoid words like guess and allude to forms of systematic procedure, whereby two indi-
viduals applying the same procedures to the same problem will always arrive at the same
estimation.

Computational estimation is a process that draws on a wide range of strategies (Dowker,
1992; Levine, 1982; Mildenhall, 2009). For Reys et al. (1982), these strategies include
reformulation, (a process whereby numerical data may be changed to create a more man-
ageable form but which leaves the structure of the problem intact), translation (a process in
which the structure of the problem is changed to produce a more manageable form), and
compensation (a process whereby the estimator makes numerical adjustments prompted
by translations or reformulations). These three broad strategies have been consistently
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identified across cultures and ages (Alajmi, 2009; Boz & Bulut, 2012; LeFevre et al., 1993;
Reys et al., 1991; Sekeris et al., 2019; Sowder &Wheeler, 1989).

Computation estimation is frequently ‘more important and practical than precise cal-
culation for many everyday uses of mathematics’ (Bestgen et al., 1980, p. 124), because ‘it
takes less time and attentional resources than exact calculation, and thus can be used in cir-
cumstances where time or attention resources are limited’ (Ganor-Stern, 2018, p. 2). Thus,
computational estimation is not only an essential life skill (Ganor-Stern, 2016; Sekeris
et al., 2019) but also, despite teacher scepticism concerning its relevance (Alajmi, 2009), an
important facilitator of, for example, children’s understanding of place value and standard
algorithms (Dowker, 2003; Sowder, 1992). Children’s computational estimation compe-
tence develops with age, particularly with respect to strategy choice (Ganor-Stern, 2016,
2018; Lemaire & Brun, 2014; Lemaire & Lecacheur, 2011), because maturation brings with
it a range of experiences supportive of a wider range of appropriate strategies (LeFevre
et al., 1993). The emergence of computational estimation is unlikely before the age of eight
(Siegler & Booth, 2005), is influenced by the complexity of the task (Dowker, 1997) and
draws on children’s arithmetical competence, becoming less accurate the further the task
strays from their base-competence (Dowker, 1997; Seethaler & Fuchs, 2006). Children
often misunderstand the function of estimation, tending to abandon rounding strategies
for adaptations of written algorithms as they get older (Liu, 2009). In sum, computational
estimation is a core competence with implications for both the learning of mathematics
and real-world functionality and amenable to interventions (Ainsworth et al., 2002; Bobis,
1991; Mildenhall & Hackling, 2012; Palaigeorgiou et al., 2018).

2.2. Measurement estimation

Measurement estimation, which can be construed as measuring without measurement
tools, invokes various forms of mental referents to provide a measure of the entity under
scrutiny (Sowder, 1992), typically takes one of three forms. The first, unit iteration, occurs
when individuals iterate mentally a standard unit of measure to achieve the desired
goal. The second, reference points, occurs when people compare the quantity to be esti-
mated against familiar, and therefore meaningful, objects. Indeed, such context familiarity
improves estimates (Jones et al., 2012). The third, decomposition, occurs when the estima-
tor splits the object into smaller quantities before applying either unit iteration or reference
points (Joram et al., 1998). That said, the most important strategy seems to be reference
points, not only because children who employ reference points are more accurate than
those who do not (Joram et al., 2005) but because the strategy has been linked with math-
ematics achievement more generally (Kramer et al., 2018). Moreover, reference points are
everyday tools of professional users of mathematics (Jones & Taylor, 2009).

Both children and adults appear to be making poor measurement estimations (Joram
et al., 1998). This is not surprising, given that this estimation form is often avoided to be
taught by teachers (Ruwisch et al., 2015), perhaps due to uncertainty about its teaching
(Joram et al., 2005; Pizarro et al., 2015). This problem is exacerbated by a relatively poor
inclusion ofmeasurement estimation in textbooks (Hong et al., 2018;Mengual et al., 2015).
It may also be a consequence of teachers construing measurement and estimation as dis-
tinct domains, with estimation located in the realm of the hypothetical – tied to notions of
vagueness, inexactness and guesswork – while measurement is located in the realm of the
real – tied to notions of correctness, exactitude and no guesswork (Forrester & Pike, 1998).
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Research on children’s measurement estimation competence is not entirely consistent.
For example, children in the age range nine through eleven have been found to be poor
estimators of lengths, although their estimates improve with age (Desli &Giakoumi, 2017).
Alternatively, across the age range eight through eleven, little evidence was found of esti-
mation maturation (Forrester & Shire, 1994). That being said, young children are more
accurate when they use non-standard units (Desli & Giakoumi, 2017). From the perspec-
tive of strategies, secondary-aged children typically base theirmeasurement estimations on
some form of individual frame of reference, which is one element of a complex interaction
with the nature of the estimation activity and the physical context inwhich it occurs (Gooya
et al., 2011). Middle school children typically do not spontaneously use reference points
(Lipovec & Ferme, 2017), although unit iteration and reference points were the strategies
typically found with primary-aged children (Desli & Giakoumi, 2017). Overall, it is likely
that classroom interventions can improve measurement estimates, as Taiwanese students
are more accurate estimators of length than German (Hoth et al., 2019).

2.3. Number line estimation

Typically, number line estimation entails ‘translating a number into a spatial position on a
number line’ or, less commonly, ‘translating a spatial position on a number line into a num-
ber’ (Siegler et al., 2009, p. 144). In many respects, while its role in a person’s real-world
functionality is limited, its impact on mathematical learning is profound. Broadly speak-
ing, the accuracy of young children’s number line estimations, which typically involve the
marking of a target number on a number line with two orientation points labelled, and the
strategies they employ improve with age and experience (Praet & Desoete, 2014; White &
Szűcs, 2012), although, unsurprisingly, children’s number line estimations of fractions are
typically much less successful than their estimations of integers (Siegler et al., 2011).

Up to the age of around eight years, children tend to construe small numbers as more
widely spaced than large, leading some scholars to perceive a logarithmic progression
that tends to linear (Ashcraft & Moore, 2012; Siegler & Booth, 2004). Others, however,
argue that a bilinear representation is at least as accurate an account for this shift (Dack-
ermann et al., 2015; Ebersbach et al., 2008). Successful number line estimation draws on
an understanding of ordinality (Van ‘t Noordende et al., 2018) and the use of reference
points (Sullivan & Barner, 2014a). The latter, particularly the midpoint, not only facili-
tates estimation but encourages the development of proportional reasoning (Bicknell &
Young-Loveridge, 2015; Rouder & Geary, 2014).

Importantly, from the perspective of this paper, number line estimation competence
is a strong predictor of both later mathematical learning difficulties (Andersson & Öster-
gren, 2012;Wong et al., 2017) andmathematical achievement across all ages of compulsory
school (Fuchs et al., 2010; Schneider et al., 2018; Simms et al., 2016), to the extent that ‘num-
ber line estimation at age 16was significantly related tomathematics . . . at each age, beyond
variance explained by other cognitive abilities at that age’ (Tosto et al., 2017, p. 1934). In
particular, whole number line estimation competence has been implicated in children’s
arithmetical development across the years of primary education (Dietrich et al., 2016;
Fuchs et al., 2010; Träff, 2013) in ways suggesting that number line estimation and arith-
metical competence may be reciprocally related (Friso-van den Bos et al., 2015). Number
line estimation accuracy is a predictor of fractions knowledge in general (Bailey et al., 2014;



INTERNATIONAL JOURNAL OF MATHEMATICAL EDUCATION IN SCIENCE AND TECHNOLOGY 5

Hansen et al., 2015; Vukovic et al., 2014), particularly in the upper primary and lower sec-
ondary age ranges (Fazio et al., 2014; Torbeyns et al., 2015; Van Hoof et al., 2017). Finally,
the ability to estimate accurately the position of fractions on the number line is a strong
predictor of algebraic readiness (Booth & Newton, 2012) and equation solving compe-
tence (Booth et al., 2014). Further, decimal number line estimation competence is a better
predictor of algebraic competence than either integer or fraction number line estimation
(DeWolf et al., 2015).

2.4. Quantity estimation

Quantity (or numerosity) estimation refers to the ability to discern or produce the number
of objects in a setwithout recourse to counting (Crites, 1992). It is a skill reciprocally depen-
dent on the ability to count (Barth et al., 2009) and one that diminishes in accuracy as the
numerosity of the set of objects grows (Smets et al., 2015). In broad terms, when research-
ing quantity estimation, researchers typically exploit three forms of task: perception tasks,
where participants estimate the quantity of a collection of dots shown them; production
tasks, where participants produce under pressure of time a set of dots equal to a symboli-
cally presented numerical input; reproduction tasks, where participants reproduce a set of
dots equal in numerosity to a set of dots presented to them.

Research has shown that young children, up to the age of around eight years, tend to
construe smaller numbers as being more widely spaced than larger numbers, with the
result that quantity estimation in young children follows a logarithmic pattern before, with
increasing age, tending towards linear (Berteletti et al., 2010; Siegler et al., 2009; Sullivan
& Barner, 2013). Others, however, have argued that the logarithmic model for young chil-
dren may be better construed as two linear forms, the first reflecting children’s relatively
accurate representation of small numbers and the second their lack of knowledge of large
numbers (Stapel et al., 2015).

The provision of reference points helps childrenwith their estimations, although kinder-
garten children are more successful when the reference is larger than the target and that
two reference points are less helpful than one (Baroody & Gatzke, 1991). Young children
tend to overestimate small quantities and underestimate large, although both are mediated
by age (Ebersbach & Wilkening, 2007; Stapel et al., 2015). Also, irrespective of their esti-
mation accuracy, young children estimate in an ordinal fashion; that is, they estimate in the
correct direction relative to previous estimates (Sullivan&Barner, 2014b). There is a strong
relation between children’s ability to count and the accuracy of their quantity estimations
(Barth et al., 2009), with both uniquely predicting later arithmetical competence (Bartelet
et al., 2014). Moreover, a study examining the relationship between measures of quantity
estimation, number line estimation and arithmetical competence found, with respect to
six years-old children, not only both measures of estimation correlating significantly with
each other but also independently predicting arithmetical competence (Wong et al., 2016).

Interestingly, groups of people estimate quantities more accurately than individuals
(Bonner et al., 2007; Laughlin et al., 2003), while quantity estimation is negatively associ-
ated with sensation seeking (Ginsburg, 1996). Finally, from a didactical perspective, recent
years have seen scholars turning attention to Fermi problems as a means of facilitating
students’, across all school years, competence with large numbers (Albarracín & Gorgorió,
2019; Ärlebäck & Bergsten, 2013).
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3. The current study and its methods

Acknowledging the above, and evidence of a paucity of estimation-related opportunities
in school textbooks international (Sayers et al., 2020b), our goal in this paper is to examine
how estimation is conceptualized in the four curricula of the countries of the United King-
dom. In so doing, we are conscious that the curriculum, as an object of analysis, may be
construed differently in different cultural contexts. For example, in countries like Cyprus,
state-mandated learning outcomes aremanifested in government-produced textbooks that
all teachers are obliged to follow (Xenofontos, 2019). In such a context, curriculum analy-
ses would sensibly focus on the content of these textbooks as they represent the ‘contract’
between the state and the individual teacher. In other countries, like the United States,
there is no centrally-produced curriculum with, historically, each school district identify-
ing both curricular goals and the textbooks to address them (Reys, 2001). Here, depending
on the extent to which such curricular goals are represented in some form of steering docu-
ment, analyses might focus on the steering documents themselves or the textbooks chosen
to reify them. In other systems, government-mandated goals are specified in steering doc-
uments, hereafter national curricula, that explicate for schools, teachers and parents not
only what is to be taught but when it is to be taught. In these systems, textbooks, typically
produced by commercial publishers subject to varying degrees of systemic regulation, fall
outside the ‘contract’ between the state and the teacher. Consequently, analyses of curricula
and analyses of textbooks are qualitatively different enterprises.

The four countries of the United Kingdom fall into this latter group, whereby govern-
ment expectations aremanifested in centrally-produced documents that outline, in varying
degrees of detail, both the content and the timing of the mathematics to be taught. In
this paper, we examine qualitatively the ways in which the primary mathematics curric-
ula, including the final year of pre-school, of England, Northern Ireland, Scotland and
Wales structure opportunities for children to develop estimation-related competence. In
so doing, as indicated above, we focus on the curriculum documents themselves as they,
rather than any textbooks used by teachers in those countries, form the ‘contract’ between
the state and individual schools and teachers. Indeed, across the UK, schools’ inspectors
are not concerned with teachers’ adherence to the content of a textbook but whether their
practices fulfil the expectations specified in the respective curricular documents.

In each of the four countries, the national curriculum and any supporting documents
are available electronically as searchable pdf files. In this respect, and to simplify the nar-
rative for the reader, the documents scrutinized for each country can be found in Tables 1
through 4 respectively, each of which can be found in the relevant results section. At this
stage, it is important to note not only that all documents have been produced by govern-
ment departments or agencies but also that the four curricular authorities present both
expected learning outcomes and any exemplification in different ways. Consequently, the
number of documents analyzed varied from one country to another. Also, several docu-
ments were excluded from the analyses due to their discussing curricula at too general a
level or repeating the content of other scrutinized documents. Summaries of such matters
can be seen in the respective tables.

Each downloaded pdf was subjected to the following procedure. First, searches were
undertaken for any occurrences of the words, estimation, approximation, check, round and
their variants. Searches were also undertaken four any occurrences of the four key terms
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Table 1. Documents scrutinised for the English analysis.

Documents included in the analyses

Department for Education (2013a). Early years outcomes: A non-statutory guide for practitioners
and inspectors to help inform understanding of child development through the early years.
London, DfE. Hereafter, DfE (2013a), this document provides exemplificatory support for
teachers working with pre-school children and addresses expectations with respect to
estimation-related learning.

Department for Education (2013b). Mathematics programmes of study: key stages 1 and 2.
London, DfE. Hereafter, DfE (2013b), this document is the statutory primary curriculum
document and contains the statutory goals teachers are expected to address alongside
illustrative non-statutory examples.

Standards and Testing Agency (2019) Early years foundation stage profile: 2020 handbook.
London, STA. Hereafter, STA (2019), this document, which provides non-statutory support for
teachers, ‘has been produced to help practitioners make accurate judgements about each
child’s attainment’ (STA, 2019, p. 6) and has a limited but unique connection to estimation.

Documents not included in the analyses

Department for Education (2014) The national curriculum in England framework document.
London, DfE. This document brings together all subject-related expectations and replicates the
material found in mathematics-specific primary curriculum above

Department for Education (2017). Statutory framework for the early years foundation stage: Setting
the standards for learning, development and care for children from birth to five. London, DfE. This
document, which represents the legal framework for teachers of early years children, addresses
the generalities of such work but offers nothing with respect to the particularities of estimation
in children’s learning.

of computation, measurement, number line and quantity, their variants, as well as alterna-
tives like calculation or numerosity. Relevant results were copied and pasted into a single
text document for each country. By way of illustration, English curricular expectations that
children will check the results of their calculations were manifested in various statements,
some of which were included in the analysis and others not. On the one hand, expecta-
tions that year-two children will recognize ‘the inverse relationship between addition and
subtraction and use this to check calculations’ was rejected as unrelated to estimation due
to its focus on precision. On the other hand, expectations that year-six children will be
seen ‘rounding answers to a specified degree of accuracy and checking the reasonableness
of their answers’ was included due to its focus on imprecision. Second, each statement in
each text document was read and categorized against the four forms of estimation dis-
cussed in the introduction. A small number of such statements fell outside these categories
and these are discussed individually in each of the country narratives below. Third, cate-
gorized statements were synthesized into a summary narrative for each form of estimation
across the years of each of the four countries’ curricula. It is on these country narratives,
presented alphabetically, that the following is based.

4. Results: estimation in the primary national curriculum for England

English pre-school, or the early years foundation stage, covers the years birth through five,
while primary education covers the ages five through eleven in two phases. These are key
stage one (KS1) for school years one and two (ages 5–7) and key stage two (KS2) for school
years three through six (ages 7–11). Table 1 outlines the documents that were implicated
in the analysis, alongside those that were not. In each case, a short summary is offered to
contextualize the relevance of the document concerned.
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4.1. Computational estimation

While there are no references to computational estimation in the early years’ materials, the
statutory curriculum for key stages one and two includes several references we construe as
related to computational estimation. It emerges as a specific goal in years three and four,
when children should be able to ‘estimate the answer to a calculation’ (DfE, 2013b, p. 19)
and ‘estimate and use inverse operations to check answers to a calculation’ (DfE, 2013b,
p. 25). By the end of year six children should ‘use estimation to check answers to calcula-
tions and determine, in the context of a problem, an appropriate degree of accuracy’ (DfE,
2013b, p. 40). However, clarity with respect to the curriculum’s construal of estimation
emerges only after a reading of the requirements with respect to rounding. Here, chil-
dren in year four are expected to ‘round any number to the nearest 10, 100 or 1000’ (DfE,
2013b, p. 24) and ‘round decimals with one decimal place to the nearest whole number’
(DfE, 2013b, p. 26). This emphasis on rounding continues. In year five children should
be able to ‘round any number up to 10,00,000 to the nearest 10, 100, 1000, 10,000 and
1,00,000’ (DfE, 2013b, p. 31) and ‘round decimals with two decimal places to the nearest
whole number and to one decimal place’ (DfE, 2013b, p. 34). By year six, the single statu-
tory statement concerning rounding is that children should be able to ‘round any whole
number to a required degree of accuracy’ (DfE, 2013b, p. 38), with other references occur-
ring in the non-statutory sections. That being said, the solitary reference to rounding with
an explicit connection to calculation is found in year five, where children should be able to
‘use rounding to check answers to calculations and determine, in the context of a problem,
levels of accuracy’ (DfE, 2013b, p. 32).

4.2. Measurement estimation

By the end of the EYFS, children are expected to be able to ‘estimate, measure, weigh and
compare and order objects and talk about properties, position and time’ (STA, 2019, p. 54).
These expectations continue into key stage one, whereby year-two children should be able
to ‘choose and use appropriate standard units to estimate and measure length/height in
any direction (m/cm); mass (kg/g); temperature (°C); capacity (litres/ml) to the nearest
appropriate unit, using rulers, scales, thermometers and measuring vessels’ (DfE, 2013b,
p. 14),while by the endof year three, such goals include being able to ‘estimate and read time
with increasing accuracy (DfE, 2013b, p. 21). By the end of year five, children should be able
to ‘estimate the area of irregular shapes (and) volume’ (DfE, 2013b, p. 36), as well as ‘know
angles aremeasured in degrees: estimate and compare acute, obtuse and reflex angles’ (DfE,
2013b, p. 37). By year six, they should be able to ‘calculate, estimate and compare volume
of cubes and cuboids’ (p. 43). Interestingly, the only reference for pupils in year four is
an ambiguous expectation, presented under the heading of measurement, that year-four
pupils should be taught to ‘estimate, compare and calculate different measures, including
money in pounds and pence (DfE, 2013b, p. 27). This, it seems to us is ambiguous, because
money is more about computational estimation than measurement.

4.3. Number line estimation

Expectations with respect to number line estimation are not only limited but lack clarity.
For example, while there are various references, both statutory and non-statutory, to
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children placing integers, decimals and fractions on a number line, there is only one
reference connecting number line to estimation. Here, year two children should be able
to ‘ . . . estimate numbers using different representations, including the number line’ (DfE,
2013b, p. 11).

4.4. Quantity estimation

Within the early years’ outcomes document is a single estimation-related expectation,
whereby a child between 40 and 60 months ‘estimates how many objects they can see and
checks by counting them’ (DfE, 2013a, p. 24). This is augmented by an assertion in the
foundation stage profile document that children should be able to ‘estimate a number of
objects and check quantities by counting up to 20’. That said, once a child moves into key
stage one, there are no further references to quantity estimation.

In sum, while computational estimation dominates English curricular expectations, it
is mediated by extensive reference to rounding, almost to the extent that it has become an
end in itself. In comparison, the situation with respect to measurement estimation seems
clear. Finally, both number line estimation and quantity estimation are, de facto, absent.

5. Results: estimation in the primary national curriculum for Northern
Ireland

The Northern Ireland national curriculum for primary mathematics, first published in
2007 and revised in 2019, is split into three phases, focused on ages 4–6, 6–8 and 8–11
respectively. Its expectations are summarized in the single document shown in Table 2.
The first phase, known as the foundation stage, comprises a small number of broad goals
and relatively few specific statements. The second and third phases, known as key stage
one and key stage two respectively, comprise similar broad goals alongside sets of specific
statements.

Of relevance to this particular analysis is that the curriculum comprises a number of
statements concerning estimation at levels of generality that cannot be pigeonholed. For
example, during years one and two, children ‘should begin to estimate and make sim-
ple predictions in all areas of mathematics’ (CCEA, 2007, p. 23), while in the years three
through six, children’s understanding of the world around them should be facilitated by
their ‘interpreting statistical data and using it to solve problems usingmeasurement, shape,
space and estimation in the world around them’ (CCEA, 2007, p. 58). In neither case can
estimation be construed as anything other than a general goal. That being said, there is
additional evidence supportive of three of the four forms of estimation identified in the
literature.

Table 2. Document scrutinised for the Northern Irish analysis.

Document included in the analyses

Council for the Curriculum, Examinations and Assessment (2007). The Northern Ireland Curriculum
Primary. Belfast, CCEA. Hereafter, CCEA (2007), this document includes both statutory
expectations and non-statutory illustrations for both preschool and primary phases.
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5.1. Computational estimation

For children in years 3 and 4 there are broad goals that they ‘should be given opportunities,
on a regular basis, to develop their skills in mental mathematics, to estimate and approx-
imate’, as well as ‘explore how a calculator works . . . , check calculator results by making
an estimate . . . ’ (CCEA, 2007, p. 59). This latter goal is supported by the requirement that
‘pupils should be enabled to . . . estimate and approximate to gain an indication of the size
of a solution to a calculation or problem’ (CCEA, 2007, p. 65).

5.2. Measurement estimation

For children in years 1 and 2 the curriculum includes the broad goal that ‘children should
develop much of their early mathematical understanding during play, where the activities
provided offer opportunities for them to estimate size, weight, capacity, length and num-
ber’ (CCEA, 2007, p. 23). However, apart from two statements concerning pupils being
enabled to compare lengths, weights, times and other measures from the physical world,
there is no explicit expectation that pupils should estimate measures. In years 3 and 4,
however, there are requirements that pupils ‘should be enabled to . . . make estimates using
arbitrary and standard units’ (CCEA, 2007, p. 63), while in years 5 and 6 these are extended
to include the requirement that they should ‘develop skills in estimation of length, weight,
volume/capacity, time, area and temperature’ (CCEA, 2007, p. 66).

5.3. Number line estimation

There is no reference, in any context, to the expression number line.

5.4. Quantity estimation

Quantity estimation is only obliquely referenced. For example, in years 1 and 2, in state-
ments redolent of subitizing, children ‘should be enabled to . . . state, without counting,
quantities within 5’ and ‘make a sensible guess of quantities within 10’ (CCEA, 2007, p. 24).
In years 3 and 4, ‘pupils should be enabled to . . . make a sensible estimate of a small number
of objects and begin to approximate to the nearest 10 or 100’ (CCEA, 2007, p. 62).

In sum, although there are some general expressions concerning the importance of esti-
mation in children’s learning, the details are focused on checking calculations, whether
manually or with a calculator. The lack of reference to rounding suggests that the details of
computational estimation are left for teachers to decide. As far as measurement estimation
is concerned, there seems to be a clear cognitive progression with respect to the properties
of physical objects. Finally, quantity estimation is only obliquely referenced and number
line estimation is missing.

6. Results: estimation in the primary national curriculum for Scotland

In Scotland the curriculum for compulsory school is structured in five phases, the first
three of which refer to primary aged learners. The first of these refers to children aged four
or five inwhat is known as year P1. The second refers to children aged five to eight in school
years P2–P4, while the third refers to children aged eight to eleven in school years P5–P7.
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Table 3. Documents scrutinised for the Scottish analysis.

Documents included in the analyses

Education Scotland (2016a) National numeracy and mathematics progression framework.
Edinburgh, Education Scotland. Hereafter, ES (2016), this document provides extensive
non-statutory support for teachers and includes relevant references to estimation in different
forms.

Education Scotland (2019a) Curriculum for excellence: Numeracy and mathematics experiences
and outcomes. Edinburgh, Education Scotland. Hereafter, ES (2019a), this document
summarises the content that teachers are encouraged to address. Material to be covered is
typically presented in the in the form of ‘I can . . . ’ or ‘I have . . . ’ statements for children.

Education Scotland (2017) Benchmarks numeracy and mathematics. Edinburgh, Education
Scotland. Hereafter, ES (2017), this document, while including all the learning goals specified in
ES (2019a), offers assessment guidance through statements prefaced with the phrase ‘learners
need to . . . ’. In particular, frequent reference is made to estimation in different forms.

Documents not included in the analyses

Education Scotland (2016b) Curriculum for excellence: A statement for practitioners fromHMChief
Inspector of Education. Edinburgh, Education Scotland. This document offers non-statutory
curriculum-related support for teachers at general levels but nothing with respect to the
particularities of estimation.

Education Scotland (2019b) Curriculum for excellence: Mathematics principles and practice.
Edinburgh, Education Scotland. This document outlines the curricular justification of
mathematics and, while including repetitions of the broad headings found in other documents,
offers nothing with respect to estimation.

The Scottish educational authorities do not specify a statutory set of learning outcomes
but a series of learner entitlements. This distinction, as is apparent below, is reflected in the
manner in which learning goals and support materials, shown in Table 3, are presented.

6.1. Computational estimation

From the curricular perspective, year-one children should be able to ‘share ideas with oth-
ers to develop ways of estimating the answer to a calculation or problem, work out the
actual answer, then check (their) solution by comparing it with the estimate’ (ES, 2019a,
p. 2), while in year two they should be able to use ‘knowledge of rounding to routinely esti-
mate the answer to a problem then, after calculating, decide if (their) answer is reasonable,
sharing my solution with others’ (ES, 2019a, p. 2). Both goals are supported by a range of
statements found elsewhere. For example, the benchmarks for phase one add that a child
‘uses strategies to estimate an answer to a calculation or problem, for example, doubling
and rounding’ and ‘rounds whole numbers to the nearest 10 and 100 and uses this rou-
tinely to estimate and check the reasonableness of a solution’ (ES, 2017, p. 13). By the end
of the second phase it is expected that a child ‘rounds whole numbers to the nearest 1000,
10,000 and 1,00,000 . . . rounds decimal fractions to the nearest whole number, to one deci-
mal place and two decimal places (and) applies knowledge of rounding to give an estimate
to a calculation appropriate to the context’ (ES, 2017, p. 21), while by the end of the third
phase, he or she ‘rounds decimal fractions to three decimal places (and) uses rounding to
routinely estimate the answers to calculations’ (ES, 2017, p. 32). By way of justification, the
progression document suggests that ‘as this skill (estimation) becomesmore refined, learn-
ers will be able to predict solutions and check the accuracy of calculations’ (ES, 2016a, p. 7).
Finally, the progression document, connecting estimation to simplemonetary calculations,
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presents an expectation that children should be ‘able to estimate and calculate costs’, ‘esti-
mate and calculate change’, ‘estimate or calculate the total cost of goods or services’, adding
that children’s ‘mental strategies can involve rounding’ (ES, 2016a, p. 104).

On one occasion, presented independently of estimation, there is a curricular expec-
tation that by the end of phase two, children will be able to ‘round a number using an
appropriate degree of accuracy, having taken into account the context of the problem’ (ES,
2019a, p. 2). This single curricular reference to rounding, it could be argued, is warranted
by a statement in the progression document, whereby the ‘ability to round supports the
development of mental agility. It also allows for quick estimations to be made in calcu-
lations and to check the reasonableness of a solution’ (ES, 2016a, p. 8), before asserting
that ‘rounding accurately is an essential component of determining the reasonableness of a
solution’ (ES, 2016a, p. 10). Also, the progression document includes six statements relating
to rounding, most of which we construe as referring to computational estimation. Among
these are expectations that children will ‘understand that a rounded value is not equal to
the original value’, ‘explain what rounding means using vocabulary of estimation’, ‘deter-
mine the reasonableness of an outcome’ and ‘understand that there are acceptable degrees
of accuracy required in calculations’ (ES, 2016a, p. 11).

6.2. Measurement estimation

With respect to the curricular goals, by the end of phase one, children should be able to
‘estimate how long or heavy an object is, or what amount it holds, using everyday things as
a guide, then measure or weigh it using appropriate instruments and units’ and ‘estimate
the area of a shape by counting squares or othermethods’ (ES, 2019a, p. 8). By the end of the
second phase, they should use ‘knowledge of the sizes of familiar objects or places . . . when
making an estimate of measure’. From the perspective of time, by the end of phase two,
children should ‘using simple time periods . . . give a good estimate of how long a journey
should take, based on . . . knowledge of the link between time, speed and distance’. By the
end of the third phase this expectation is repeated, but with the insertion of a reference to
‘the speed travelled at or distance covered’ (ES, 2019a, p. 7).

By way of justification, the progression document suggests that ‘measuring and estimat-
ing with non-standard units develops understanding of why standard units are necessary
and help to provide an estimation of size’ (ES, 2016a, p. 166), before adding that the ‘abil-
ity to estimate volume is built on an understanding of how to estimate other properties of
shapes . . . ’ and reaffirms ‘that an estimated value is not exact’ (ES, 2016a, p. 176). These
justifications are matched by various assessment-related outcomes whereby, by the end
of phase one, a child ‘estimates, then measures, the length, height, mass and capacity of
familiar objects using a range of appropriate non-standard units’ (ES, 2017, p. 10), ‘uses
knowledge of everyday objects to provide reasonable estimates of length, height, mass
and capacity’ (ES, 2017, p. 16) and ‘compares measures with estimates’ and ‘uses square
grids to estimate then measure the areas of a variety of simple 2D shapes to the near-
est half square’ (ES, 2017, p. 17). By the end of the second phase he or she ‘uses the
comparative size of familiar objects to make reasonable estimations of length, mass, area
and capacity’ and ‘estimates to the nearest appropriate unit, then measures accurately’,
by means of various standard units, ‘length, height and distance . . . mass . . . and capacity’
(ES, 2017, p. 25).
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From the perspective of time, the progression document argues not only that children
should ‘be able to round appropriately’ (ES, 2016a, p. 135) but also develop the ‘ability to
estimate how long an event took or will take, using non-standard or standard units of time
(and) a sense of how long a taskwill take, by using familiar benchmarks’ (ES, 2016a, p. 141).
It also suggests, with respect to travel, that ‘calculating journey times is an introduction to
establishing the relationship between time, speed and distance and sets the foundation for
more complex calculations and estimation’ (ES, 2016a, p. 146), where the use of ‘timetables
helps to develop mental agility in relation to time calculations and develops skills in esti-
mation and in rounding’ (ES, 2016a, p. 137), not least because ‘estimations are used in daily
situations to determine either an approximate arrival time, speed or distance for a journey’
(ES, 2016a, p. 154). From the perspective of assessment, the benchmarks document asserts
that by the end of the second phase, a child ‘estimates the duration of a journey based on
knowledge of the link between speed, distance and time’ (ES, 2017, p. 24).

In sum, benchmark document summarizes the estimation-related aims of the first phase
by asserting that a child ‘demonstrates skills of estimation in the contexts of number and
measure using relevant vocabulary, including less than, longer than, more than and the
same’ (ES, 2017, p. 8), while the progression document writes that tolerance ‘relates to
acceptable margins of error when measuring, estimating or calculating measurements.
Understanding of tolerance in measurement is appreciation of accuracy when making cal-
culation’ (ES, 2016a, p. 193). Also, despite no reference to the estimation of angle in the
curricular expectations, the benchmarks include an expectation that by the end of the first
phase an individual ‘uses informal methods to estimate, compare and describe the size of
angles in relation to a right angle’ (ES, 2017, p. 19).

6.3. Number line estimation

There are no explicit references to number line estimation in any of the documents. There
are allusions, as with the single curricular expectation that by the end of phase one children
know ‘where simple fractions lie on the number line’ (ES, 2019a, p. 5). By way of justifi-
cation, the progression document suggests that ‘comparing size and amount supports the
development of appropriate language relating to quantities (and) supports an understand-
ing of where numbers sit on a number line’ (ES, 2016a, p. 4). It adds, more specifically,
that children should be ‘able to place fractions, decimal fractions and percentages on a
number line’ (ES, 2016a, p. 88) or, more generally, be able ‘to place different forms in
order on a number line and know the relative value of each one’ (ES, 2016a, p. 89). The
benchmark document suggests that by the end of the early phase, a child ‘finds missing
numbers on a number line within the range 0–20’ (ES, 2017, p. 10) and, by the end of
phase one, ‘compares the size of fractions and places simple fractions in order on a number
line ‘ (ES, 2017, p. 14). However, none of these statements are explicitly tied to number line
estimation.

6.4. Quantity estimation

Like number line estimation, quantity estimation is barely addressed in any document,
although there is a curricular expectation that year-one children should develop ‘a sense
of size and amount by observing, exploring, using and communicating with others about
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things in the world around’ (ES, 2019a, p. 2). This somewhat vague statement, which
is only tangentially connected to estimation, is supported by various statements in the
other documents, typically alluding to subitizing. For example, the progression document
describes subitizing as ‘recognising a quantity without counting, simply by looking’ (ES,
2016a, p. 28). The same document adds that by learning how to round, children would
be able to ‘give an increasingly accurate estimation of the quantity of a given set’ (ES,
2016a, p. 11). Also, implicitly offering a didactical perspective, the materials suggest that
children should be able to ‘identify quantities and patterns to make quick estimates’ (ES,
2016a, p. 29) before adding that they should be able ‘recognise the amount of objects in
a group and use this information to estimate the amount of objects in a larger group’
(ES, 2016a, p. 30). Finally, the benchmarks suggest that by the end pre-school, a child
‘recognises the number of objects in a group, without counting (subitising) and uses this
information to estimate the number of objects in other groups’, ‘checks estimates by
counting’ and ‘identifies “how many?” in regular dot patterns, for example, arrays, five
frames, ten frames, dice and irregular dot patterns, without having to count (subitising)’
(ES, 2017, p. 8).

In sum, the Scottish curricular expectations with respect to estimation, as evidenced in
the many occurrences of keywords, appear extensive, driven not only by a sense of prag-
matics but also a view that estimation enhances mental agility. Computational estimation
is broadly construed as a check to calculation in various contexts, a process supported by
rounding, which also seems to be an end in itself. Measurement estimation permeates the
expected experiences of all children, particularly its emphases on the physical properties
of objects and time, while acknowledging the role of non-standard units in the develop-
ment of such learning. Number line estimation is effectively absent, although invocations
to place different forms of number on a number line could, under particular circumstances,
involve estimation. Finally, the extent to which children are expected to engage with quan-
tity estimation is limited, with young children being expected to estimate the number of
objects in a group.

7. Results: estimation in the primary national curriculum forWales

The statutory expectations of Welsh primary education are structured in two phases. The
first, the foundation stage, covers children from pre-school until the end of year two –
effectively ages 3 through 7. Of the three analyzed documents shown in Table 4, one, CW
(2016b), repeats much of the material found in CW (2016a) and is referenced only when
it offers additional insights into how theWelsh authorities construe estimation as part of a
general education.While most statements relating to estimation can be categorized against
the four forms, occasionally estimation is presented as a general competence. This is partic-
ularly the case for the foundation stage, where there is a broad goal that children ‘explore,
estimate and solve real-life problems in both the indoor and outdoor environment’ (CW,
2015, p. 27) and that

Before children can begin to make estimations based upon approximate calculations of num-
ber, they need to develop an understanding of the process of making a reasonable guess of
a visual or physical measure, and checking their estimation using appropriate methods (CW,
2017, p. 82).
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Table 4. Documents scrutinized for the Welsh analysis.

Documents included in the analyses

Curriculum for Wales (2015). Foundation phase framework. Cardiff: Department for Education and
Skills. Hereafter, CW (2015), this document outlines the statutory learning goals for children in
the first phase of education and incorporates material relevant to estimation.

Curriculum for Wales (2016a) Programme of study for mathematics key stages 2–4. Cardiff:
Department for Education and Skills. Hereafter, CW (2016a), this document outlines the
statutory learning goals for all children in compulsory school, including those related to
estimation.

Curriculum for Wales (2016b) Numeracy framework. Cardiff: Department for Education and
Skills. Hereafter CW (2016b), this document, while repeating much of what is written in the
previous two, offers some additional statements indicating how the Welsh authorities construe
number-related learning in general and estimation in particular.

Documents not included in the analyses

Curriculum for Wales (2017) Foundation phase profile handbook. Cardiff: Department for Education
and Skills. This document offers extensive assessment-related advice to teachers, including
much material related to estimation. However, this material essentially replicates that found in
the programme of study.

Curriculum for Wales (2020). Curriculum for Wales guidance, Cardiff: Department for Education
and Skills. This document, in addition to presenting a range of broad aims of no relevance to
estimation, repeats the goals found in the programme of study as a set of ‘I can . . . ’ statements.
This repetition led to its being excluded from the analysis.

In similar vein, across all years from reception to year two, the numeracy framework
expects children to be able to ‘use knowledge and practical experience to inform estima-
tions’ (CW, 2016b, p. 1).

7.1. Computational estimation

With respect to the foundation stage, a series of statutory statements, typically beneath
a broad heading of estimation and checking, allude to computational estimation. These
include, presented as a progression of expected learning outcomes, that children will ini-
tially ‘use estimation and checking with calculations’, ‘use a variety of estimation and
checking strategies that are appropriate to calculations’ and ‘use finer estimations and
checking strategies including inverse addition/subtraction and halving/doubling’ (CW,
2017, p. 82). With respect to key stage two, the national curriculum, under the broad
heading of use number facts and relationships, expects children to be able to ‘compare and
estimate with numbers up to 100’ and ‘compare and estimate with numbers up to 1000’
by the ends of years three and four respectively (CW, 2016a, p. 3). A similar set of goals
is presented under the broad heading of estimate and check. Here, children in years four,
five and six should be able to ‘estimate by rounding to the nearest 10 or 100’, ‘estimate by
rounding to the nearest 10, 100 or 1,000’and ‘estimate by rounding to the nearest 10, 100,
1,000 or whole number’ respectively (CW, 2016a, p. 5).

7.2. Measurement estimation

By the end of year one, the foundation curriculum asserts that children should ‘make a sen-
sible estimate of measurement in length, height, weight and capacity that can be checked
using non-standard measures’ and, by the end of year two, be able to do the same with
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respect to ‘standardmeasures’ (CW, 2015, p. 33). Also, within the hierarchy of level descrip-
tors, there is an expectation that children should ‘use a variety of estimation and checking
strategies that are appropriate to . . . measurements’ (CW, 2015, p. 55). Across all years of
key stage two there is a broad statutory expectation that children should be able to ‘esti-
mate and visualise size when measuring and use the correct units’ (CW, 2016a, p. 2). More
particularly, by the ends of years three, four, five and six they should ‘use standard units to
estimate and measure’ length, weight/mass and capacity, ‘select and use appropriate stan-
dard units to estimate and measure length, weight/mass and capacity’, ‘make estimates of
length, weight/mass and capacity based on knowledge of the size of real-life objects’ and
‘make estimates of length, weight/mass and capacity based on knowledge of the size of real-
life objects, recognising the appropriateness of units in different contexts’ (CW, 2016a, p. 6)
respectively. Also, by the end of year five, children should be able to ‘calculate, estimate and
compare the area of squares and rectangles using standard units’ (CW, 2016a, p. 8).

In addition to measurements of the properties of physical objects, key stage two also
includes an emphasis on estimation in relation to time. For example, by the ends of year
four, five and six, children should be able to ‘estimate the number of minutes everyday
activities take to complete’, ‘estimate the length of time everyday activities take to com-
plete, extending to hours and quarters of hours’ and ‘estimate the length of time everyday
activities take to complete with increasing accuracy’ respectively (CW, 2016a, p. 7). In
related vein, year six children should be able to ‘estimate how long a journey takes’ (CW,
2016a, p. 7). Finally, the only measurement estimation statements found in the numeracy
framework mirror those above.

7.3. Number line estimation

Although there are no explicit references to estimation in relation to the number line in any
of the documents, there is an oblique key stage two expectation that by the end of year four,
children will be able to ‘identify negative whole numbers on a number line’ (CW, 2016a,
p. 5). Our view is, depending on the context of such activities, that elements of estimation
may be inferred. However, as this is the only (out of two number line references in the
whole document) reference of this type, it is not unlikely that this may be an inference too
far.

7.4. Quantity estimation

With respect to the foundation stage, the hierarchical list of outcomes suggests, respec-
tively, that childrenwill ‘begin tomake a sensible estimate of up to five objects’, an objective
clearly not unconnected to subitizing, ‘make a sensible estimate up to 10 and understand
that this can be checked by counting’ and be able to ‘make sensible estimates of larger
groups of objects’ (CW, 2017, p. 82). There are no quantity estimation expectations explic-
itly presented in the key stage two curriculum, although the numeracy framework asserts
that year-one children should be able to ‘make a sensible estimate of a number of objects
that can be checked by counting’ (CW, 2016b, p. 1).

In sum, while the Welsh national curriculum includes clear expectations of estima-
tion permeating children’s learning of mathematics at all levels, these expectations relate
primarily to computational and measurement estimation alongside limited quantity and,
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effectively, no number line estimation. With respect to computational estimation, the doc-
uments offer clear year-on-year expectations concerning the rounding of numbers but fail
to specify, beyond broad statements, how estimates facilitate the checking of calculations.
With respect tomeasurement estimation, the goals are clearly tied to the properties of vari-
ous physical objects and time. Finally, quantity estimation is given a very limited treatment,
and only in the foundation stage, while number line estimation is effectively absent.

8. Discussion and implications

In the above, we presented a summary of the literature concerning the form and function of
different forms of estimation in order to frame qualitative analyses of the estimation-related
opportunities found in the national curricula of the four education systems of the UK.
Such a study is necessary, we believe, for two main reasons. On the one hand, research has
increasingly highlighted the importance of estimation as both an end in itself and a predic-
tor of later mathematical achievement. On the other hand, the competence of both adults
and childrenwith respect to a core competence of adult life is historically poor (Joram et al.,
1998). In the following, we discuss the opportunities found in the four curricula from the
perspectives of their similarities, differences, strengths and weaknesses.

First, all four curricula emphasize computational estimation as a way of checking cal-
culations. This emphasis is clear in the following statements: English children should ‘use
estimation to check answers to calculations and determine, in the context of a problem, an
appropriate degree of accuracy’ (DfE, 2013b, 2014, p. 40), Northern Irish children should
‘estimate and approximate to gain an indication of the size of a solution to a calculation
or problem’ (CCEA, 2007, p. 65), Scottish children should ‘predict solutions and check the
accuracy of calculations’ (ES, 2016, p. 7), while their Welsh peers should ‘use a variety of
estimation and checking strategies that are appropriate to calculations’ (CW, 2017, p. 82).
The similarity of these statements indicates a common view of computational estimation.
However, nowhere in any of the curricula is there an indication that computational estima-
tions may take ‘less time and attentional resources than exact calculation, and thus can be
used in circumstances where time or attention resources are limited’ (Ganor-Stern, 2018,
p. 2). That is, although theNorthern Ireland document refers explicitly to calculators in this
context, the role of computational estimation as an essential life skill (Ganor-Stern, 2016;
Sekeris et al., 2019) is left implicit. Moreover, none of the documents offered any indication
that the skills of computational estimation are implicated in the later learning of mathe-
matics, whether in respect of particular topic areas (Ganor-Stern, 2018; Sowder, 1992),
mathematics in general (Sekeris et al., 2019) or problem solving (Star & Rittle-Johnson,
2009). If there were any such expectations, they too have been left implicit. Furthermore,
when viewed alongside the lack of estimation-related opportunities in school mathematics
textbooks (Sayers et al., 2020b), the lack of curricular attention to the processes of com-
putational estimation, particularly reformulation, translation and compensation (Alajmi,
2009; Boz & Bulut, 2012; LeFevre et al., 1993; Sekeris et al., 2019), may lead to a gen-
eration of adults whose low levels of numeracy leave them susceptible, for example, to
misinformation about Covid-19 (Roozenbeek et al., 2020).

Second, the role of rounding in computational estimation distinguishes curricula in a
number of ways. On the one hand, the curriculum for Northern Ireland makes no ref-
erence to rounding, perhaps implying that teachers should decide for themselves how
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computational estimation should be undertaken. On the other hand, there is a superfi-
cial similarity to be seen in the extent to which the English, Scottish and Welsh curricula
emphasize rounding as a process. That is, statements like round to the nearest 100 are found
repeatedly in all three documents, warranting a conclusion that rounding is construed as
an end in itself. That being said and despite the single assertion that year-five English chil-
dren should be able to ‘use rounding to check answers to calculations and determine, in the
context of a problem, levels of accuracy’ (DfE, 2013b, p. 32), the generality in both England
and Wales was that teachers were left to make such necessary connections for themselves.
Themajor contrast concerned the Scottish curriculum,which discusses rounding as part of
the process of computational estimation. For example, it asserted that the ‘ability to round
supports the development of mental agility. It also allows for quick estimations to be made
in calculations and to check the reasonableness of a solution’ (ES, 2016, p. 8). Moreover,
the document adds that children should be able to ‘explain what rounding means using
vocabulary of estimation’ (ES, 2016, p11). In short, the Scottish curriculummakes a strong
case for connecting the process of rounding to that of estimation, an emphasis that should
prevent children acquiring amisconception with respect to the purpose of estimation (Liu,
2009). Overall, however, all curricula fail to acknowledge that for both adults and children
the process of rounding is cognitively demanding and negatively influenced by distractions
(Ardiale & Lemaire, 2013; Taillan et al., 2015).

Third,measurement estimationwas a common thread across all four curricula, typically
focusing on the physical properties of objects. In this respect, expectations concerning,
for example, length and area were common across curricula. However, estimations con-
cerning other properties varied. Weight was mentioned in Northern Ireland and Wales,
while mass was discussed inWales and England, implying, at least from the perspective of
estimation, such matters were not part of the Scottish discourse and that only the Welsh
distinguished between the two measures. Volume was mentioned only in Scotland and
England, although ‘volume/capacity’ wasmentioned inNorthern Ireland, and capacity was
mentioned independently in England and Wales. Thus, only in England could be found a
distinction between the two forms of measure, while the implication for Northern Ireland
is that they are synonymous. However, despite evidence that the properties to be estimated
were typically presented in sequences indicative of a developmental progression (length
coming before area and so on), the lack of coherence across the four curricula is unlikely
to overcome earlier findings that children and adults make poor measurement estimations
(Joram et al., 1998) and may contribute to teacher uncertainty about its teaching (Joram
et al., 2005; Pizarro et al., 2015).Moreover, the lack of any reference to the processes ofmea-
surement estimation, particularly the use ofmental referents (Jones et al., 2012; Joram et al.,
2005; Kramer et al., 2018; Sowder, 1992) is likely to contribute to a continuation of such
uncertainty. Finally, despite vague allusions in both the English and the Scottish curricula,
estimation of angle was effectively absent in all four curricula. This, in light of evidence
highlighting adults’ inability to estimate the angles of real-world slopes (Creem-Regehr
et al., 2004; Proffitt et al., 2001), seems a disappointing omission.

Fourth, also pertaining to measurement estimation, was the extent to which curricula
differ with respect to children’s use of non-standard units, which research has shown to be
a powerful underpinning of conceptual and procedural competence (Anestakis & Desli,
2014; Chang et al., 2011).Here, the Scottish andWelsh curricula see a role for non-standard
units, with the Scottish asserting that ‘measuring and estimating with non-standard units
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develops understanding of why standard units are necessary and help to provide an esti-
mation of size’ (ES, 2016, p. 166), while the Welsh alludes to the same notion by expecting
children to ‘make a sensible estimate ofmeasurement in length, height, weight and capacity
that can be checked using non-standard measures’ (CW, 2015, p. 33). However, while the
curriculum for Northern Ireland asserts that children should be able to ‘use non-standard
units to measure and recognise the need for standard units’ (CCEA, 2007, p. 63), nothing
is said with respect to estimation. In similar vein, while the non-statutorymaterial for Eng-
land expects pupils to ‘move from using and comparing different types of quantities and
measures using non-standard units . . . to usingmanageable common standard units’ (DfE,
2013b, p. 9), nothing is said with respect to estimation. The omissions in the English and
Welsh curricula seem disappointing, as young children’s estimates are known to be more
accurate when first they use non-standard units (Desli & Giakoumi, 2017).

Fifth, expectations with respect to time estimation (measurement) varied across curric-
ula. For example, in both the English and the Northern Irish curricula, time is presented
as one element of a list of properties, like length or area, to be estimated. In Wales, there
is the addition of context, as in the expectation that children will be able to ‘estimate the
length of time everyday activities take to complete with increasing accuracy’ (CW, 2016a,
p. 7), while in Scotland, the curriculum offers extensive contexts and warrants for time
estimation, as in the statement ‘using simple time periods, I can give a good estimate of
how long a journey should take, based on my knowledge of the link between time, speed
and distance’ (ES, 2017, p. 25). However, acknowledging research showing that educated
adults underestimate time (Koivula, 1996), children with mathematical learning difficul-
ties overestimate time (Hurks & van Loosbroek, 2014) and that time estimation accuracy is
a predictor of general mathematical competence (Kramer et al., 2011, 2018), it seems that
Scotland may have addressed the issue more effectively than its neighbours.

Sixth, quantity estimation, which is reciprocally linked to the ability to count (Barth
et al., 2009) and a predictor of later arithmetical competence (Bartelet et al., 2014; Wong
et al., 2016) receives only nominal attention in Northern Ireland, Scotland and Wales and
is effectively absent in England.

Seventh, number line estimation is effectively absent in all four countries’ curricula.
Such an omission seems unfortunate, particularly as number line estimation is a strong
predictor of later mathematical learning difficulties (Andersson & Östergren, 2012; Wong
et al., 2017) and all manner of later learning (Fuchs et al., 2010; Schneider et al., 2018;
Simms et al., 2016; Tosto et al., 2017). Our interpretation of the failure of the different
curricular authorities to included number line estimation may be a consequence of their
failing to keep up with important trends in mathematics education research. Indeed, of all
the forms of estimation we discuss, it is the one with the most significant implications for
the later learning of mathematics.

In closing, we return to the earlier concern that the ‘cursory treatment given to esti-
mation in most mathematics programs is insufficient to build any appreciable estimation’
(Bestgen et al., 1980, p. 124) to warrant our asking, has anything changed? Our view is that
the four national curricula of the United Kingdom offer limited perspectives, located in
utilitarian expectations that fail to acknowledge the developmental significance of estima-
tion. This seems particularly the case in England andWales, where the process of rounding,
presented as an independent learning objective, cannot be construed as anything but utili-
tarian. Onemight concede that the non-statutory Scottish curriculum, which incorporates
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a limited justification for the curricular inclusion of estimation and its role in the devel-
opment of mental agility, is a deviation from the skills-driven curricula of the other three
nations, particularly as rounding is unequivocally justified as an aid to computational esti-
mation and the importance of estimating time is clearly argued. However, all four curricula
effectively fail to acknowledge, particularly with respect to the very limited attention paid
to quantity estimation and number line estimation, that learning how to estimate has pro-
found implications for the successful learning of other areas of mathematics (Wong et al.,
2016).

This systemic lack of attention to estimation is not unique to the UK. It is known, for
example, that estimation is equally poorly addressed in the curricula of the three Scandi-
navian countries (Sunde et al., Submitted), as it is in themathematics textbooks of Finland,
Singapore and Sweden (Sayers et al., 2020b). Collectively, such findings indicate that
children, internationally, may be leaving school with little developed estimation-related
understanding or competence. Put bluntly, unless curriculum authorities take appropri-
ate action to address the problem, their failure to facilitate the learning of estimation, in
all its forms, may not only hinder children’s mathematical growth (Sasanguie et al., 2013;
Schneider et al., 2009) but seriously inhibit adults’ real-world functioning (Booth& Siegler,
2006; Sekeris et al., 2019), particularly as high levels of education in general (Van Prooijen,
2017) and numeracy in particular (Roozenbeek et al., 2020) are necessary for countering
the spread of ‘fake news’.
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