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Numeracy: Subject or cross curricular responsibility? Knowledge or skill? 

Abstract

Donaldson (2015), in his recent review of the National Curriculum of Wales, emphasised the high status of numeracy by placing it in the  Mathematics and Numeracy Area of Learning and Experience (AoLE)  and as a cross -curriculum responsibility. This not only shows the important part numeracy plays in our children’s education but also implies that numeracy can be perceived as both a knowledge and a skill. This paper examines the meanings of knowledge and skills in relation to education and looks at numeracy from different educational perspectives. It explores the notion that numeracy is closely linked to mathematics but can also be used and developed across the range of AoLEs as a cross curricular responsibility. It concludes with  thoughts on; whether Donaldson (2015) and the resulting New Curriculum of Wales are correct in the positioning of numeracy, who is ultimately responsible for numeracy in schools and the way forward for numeracy in education.
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Background

In a bid to improve education in Wales, following poor PISA (Programme for International Student Assessment) results the Welsh Government asked Professor Graham Donaldson from the University of Glasgow, to review the current curriculum in Wales. Donaldson published his findings, as a result of this review, in 2015. Within this review, numeracy was placed in both an Area of Learning and Experience (AoLE) and as a cross curricular responsibility alongside Literacy and Digital Competency.

By doing this, is Donaldson recognising numeracy to be both a knowledge (by placing it in an AoLE)  and a skill (by making it a cross curricular responsibility)?

To explore this notion, we need to first examine what the terms ‘knowledge’ and ‘skill’ actually mean.

Interestingly, there does not seem to be one clear definition for either ‘knowledge’ or ‘skill’ and, in fact, the terms seem to be often united as one, in policy documents, research and literature. Kirsty Williams, Education Minister of Wales  uses the terms together when talking about future generations, learning organisations and effective pedagogy in Our National Mission (Welsh Government, 2017) and Timperley (2008, cited in Coe et al, 2014 p.41) discusses both professional and new knowledge and skills as one entity. Similarly, when discussing the learning and progress of pupils, Hattie (2008) talks about providing students with clear targets of skills and knowledge without being explicit about the meanings of each  and Ko and Sammons (2013) refers to interviews with Chinese teachers, about the concepts of teaching, where the teachers mention both knowledge and skills simultaneously. From a mathematical perspective; when Kilpatrick, Swafford and Findel (2001) examine the learning of mathematics they talk of the mathematical knowledge children bring to school as being based on skills developed. And indeed Donaldson (2015) himself, in his criteria for a future curriculum structure of Wales, talks of promoting the development  and application of knowledge and skills in numeracy without going into specific detail of their meanings or how they are different. Even the meaning of knowledge in the Oxford dictionary (accessed online) includes ‘skills’ in the description of knowledge: “Facts, information, and skills acquired through experience or education; the theoretical or practical understanding of a subject.” (Oxford online dictionary, 2019, knowledge entry). 

However, there are cases where they are viewed to be distinct from each other. Where they are mentioned individually, literature and research tend to view knowledge  as  content (Coe et al, 2014) and experience (Hattie, 2008) and use the term ‘knowledge’ with terms such as ‘misconceptions’ and ‘pedagogy’ and, in numerous cases, ‘effective teaching’ (Ko and  Sammons, 2013, Coe et al, 2014,). Knowledge is also referred to as good knowledge, educational knowledge and expert knowledge (Ko and  Sammons, 2013).

Whereas skills  seem to be mentioned more specifically, for example, with reference to Welsh language, Digital Competency, professional learning, data handling, craft, creative thinking and interestingly, numeracy itself (OECD, 2014, Welsh Government, 2017). Skills are also mentioned in conjunction with competencies, employment, development, qualifications, assessment and self - improving practices (Hattie, 2008; OECD, 2014; Coe et al, 2014; Welsh Government, 2017). 

As the above seem to be distinct ideas or meanings, we could say that skills and knowledge can be seen, and known, as different entities. 

Another way to look at knowledge and skills is from the learning and understanding perspective. In his review of teacher training, Furlong (2015) emphasised the need for teachers to think about both the ‘what’ and the ‘how’ in their teaching and the pupils’ learning. Not only do pupils need to be aware of a concept but they need to know how to apply  information gained. Is this what is meant by knowledge and skills; the ‘what’ and the ‘how’ of  learning and understanding?

Or does true knowledge itself  encompass both the what and the how? Chapman’s  (2019), in his discussions of how children learn to understand subjects, explains;  ‘Knowing a subject discipline involves understanding questions as well as answers as well as understanding the kind of enquiry that a discipline represents and how it can be conducted’ 
Therefore, is there actually a need to separate knowledge and skills when it comes to learning and understanding? Surely something learnt and understood well or even true knowledge itself will incorporate both. Perhaps this is something to explore more specifically in relation to numeracy.

If we are to do this,  we need to first consider what numeracy itself is before thinking about whether it is a knowledge, a skill or both. And it only then, after these discussions, that we can make an informed decision about where numeracy should sit in a school curriculum.


Discussion.
Literature and research suggest that there is no clear, agreed definition of numeracy. Numeracy seems to take on “a wide range of meanings according to the aims of the speaker.” (Tanner, Jones and Davies, 2002, p.5). 
The expression or term ‘numeracy’ is not new . It became common in the UK 60 years ago with the introduction of the Crowther Report (Ministry of Education, 1959, para 398). Here numeracy was viewed as the mirror image of literacy. However, since this report, there have been a range of terms used for numeracy, for example, mathematical literacy (e.g. OECD, 2000, 2012), basic arithmetic (Reynolds, 1998b cited in Tanner, Jones and Davies, 2002 p.5), application of number, (Askew et al, 1997) and quantitative literacy (Steen, 2001) and numeracy has also been viewed through different domains (Coben, 2002), lenses (Kanes, 2002) and components (Ginsburg, Manly and Schmitt, 2006).
The Oxford dictionary definition of numeracy being ‘the ability to understand and work with numbers’ (Oxford online dictionary, 2019, numeracy entry). implies a close relationship to Mathematics, which, in turn, implies that it could be thought of as a ‘knowledge’ like Mathematics.
If we are to consider numeracy as being a ‘knowledge’, we need to consider the relationship between numeracy and Mathematics and therefore its place in the AoLE Mathematics and Numeracy.
There is a continued debate on whether numeracy is actually mathematics, encompasses mathematics or forms part of mathematics.  Some think numeracy is, in essence, the basic skills of mathematics; the foundations of mathematics (for example Cockcroft, 1982, OECD, 2000). Indeed, Cockcroft, in his report into the teaching of Mathematics in Schools (1982) implies that an aspect of numeracy is about knowing the basics of arithmetic; his report mentions being numerate as an ‘at-homeness’ with numbers and an ability to make use of mathematical skills which enable an individual to cope with the practical mathematical demands of his everyday life (para 39). The phrase ‘at-homeness’ suggests a familiarity and confidence with numbers which is as important in mathematics as in numeracy. Cockcroft (1982) is not alone in his idea of numeracy being attuned to the basic skills of Mathematics; for instance, this is made explicit by Maguire and O’Donoghue (2002) in their research into teaching mathematics to adult learners in Ireland. Their organising framework for numeracy is based on three aspects of numeracy skills which are not only linked to each other but also to mathematics. As you can see from the figure 1 below, mathematics is evident in each element.




Figure 1.
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Internationally, Ginsburg, Manly and Schmitt,  (2006), from the Harvard School of  Education, support this view of numeracy being mathematics ,and indeed a knowledge, when they discuss the content component of numeracy being the mathematical knowledge that is necessary for the tasks confronted. This mathematical element of numeracy is apparent when researchers talk about content whether it is basic or advanced. Evans (2000), looking at numeracy and mathematical thinking with adults in England, mentions a 3Rs’ model of numeracy where the content is seen as ‘simple and functional’. However, Ginsburg, Manly and Schmitt, (2006) also discuss the purpose of numeracy being the knowledge and the thematic skills needed for further study in mathematics or other closely related subjects. They go on to explain that understanding the importance of mathematical terms and using these accurately indicate a numerate person which again implies a very close relationship between mathematics and numeracy. 
Indeed, one of PISA’s interpretations of numeracy, which they define as ‘mathematical literacy,’ is the ‘performance of standard mathematical operations’ (OECD, 2000). In addition to this, one of the dimensions PISA assesses mathematical literacy on is the process of mathematics. Mathematics also features explicitly in Steen’s (1997, cited in O’Donaghue, 2002) discussions of numeracy where he discusses the purposes and associations being practical, concerning mathematical and statistical skills that can be put into immediate use in the routine tasks of daily life and cultural – where mathematics is a universal part of human culture.
The Welsh Government (2013) also take the view that numeracy is very closely related to, if not, actual basic Mathematics, when explaining that the Literacy and Numeracy Framework (LNF) ‘addresses and strengthens many of the shortcomings in numeracy standards such as the inadequate recall of basic number facts and lack of effective strategies for mental and written calculations.’ In fact, two of the terms Welsh Government use to define numeracy are ‘  basic computational arithmetic’ and ‘essential mathematics’. And interestingly, the Welsh Government include all but one (using algebra) of the attainment targets in the current Mathematics Curriculum (2008) as expectations in their definition of numeracy; using number skills, using measuring skills and using data skills. Their expectations of numeracy also include the following aspects of mathematics; basic computational arithmetic, essential mathematics, social mathematics and functional mathematics. It is also noteworthy to point out that many textbooks on numeracy and teaching, such as Haylock’s book on ‘Numeracy for Teaching’ (2001), contain basic mathematics exercises such as percentages, fractions and data handling which, again, suggests numeracy is about the concepts of basic mathematics. 
Therefore, there seems to be is a general consensus that numeracy and mathematics are closely ,if not directly, related. However, does numeracy incorporate mathematics, and if so, does it also incorporate a cross curricular element? Or does mathematics  incorporate numeracy,  which might suggest numeracy is part of the knowledge of mathematics?

There are those who agree with the former; for instance, Askew et al (1997), when discussing effective teachers of numeracy talk about numeracy being the ability to process, communicate and interpret numerical information in a range of contexts indicating a cross curricular approach.
And O’ Donaghue (2003) explains that numeracy does not consist of mathematical skills alone, and  although he does not mention cross curricular, this notion is implied. In agreement with this, the National Numeracy Programme in Wales (NNP) (2012) describes numeracy as the application of mathematical understanding in daily activities at school, at home, at work and in the community. It suggests that mathematics is a part of numeracy, but to be numerate means you are able to apply some of these mathematical skills in many more contexts than in mathematics lessons and across several subject areas. Following on from this ,the Welsh Government definition of numeracy, discussed earlier, also does not stop at the mathematical aspects of numeracy. Also included in their expectations within numeracy within the LNF are survival skills for everyday life and the application of number (Welsh Government, 2013) which definitely includes the cross curricular element. 

Maguire & O’Donoghue’s  numeracy framework (2002), discussed earlier, culminates in the ‘Integrative Phase’, in which numeracy is viewed as “a complex multifaceted sophisticated construct incorporating the mathematics, cultural, social, emotional and personal aspects of each individual in a particular context”. This definition could also  suggest that numeracy is more cross curricular. 
However, this notion of numeracy as a cross curricular skill is not new (see Crowther report, 1959) or confined to the UK.  The cross curricular perspective is also seen internationally where numeracy is thought to be a general capability to be developed in all learning areas of the Australian Curriculum. (Goos, Dole and Geiger, 2012). In addition to this, having looked at almost 30 international numeracy and mathematics curriculum, assessment and standards frameworks targeted at teenagers and adults, Ginsburg,  Manly and Schmitt  (2006)  agree with numeracy being more than mathematics. They suggested three major interactive and intertwined components of numeracy; ‘context’, ‘content’ and ‘cognitive and affective’ which supports the notion that mathematics is  part of, but not all of, numeracy.  They take this further explaining that numeracy often involves mathematical topics woven into the context of work, community and personal life. It can involve a personal element that necessitates individuals to have the capability and disposition to explore situational mathematics within their personal circumstances which is distinct from Mathematics alone. 

Does this mean that numeracy is more than mathematics and should  be a cross curricular element of a school curriculum?
Not all research agrees. The Australian Association of Mathematics Teachers’ definition of numeracy is that it “involves using some mathematics to achieve some purpose in a particular context.” (AAMT, 1997). The use of ‘purpose’ here shows the importance of numeracy  however if numeracy uses some mathematics could this mean that numeracy is part of mathematics?

Coben (2002), when researching adult numeracy and mathematics education ,which can equally apply to children, emphasises the individual’s judgement about the use (or not) of mathematics in a given situation rather than just the individual’s mathematics knowledge when discussing numeracy. She also expresses numeracy as ‘mathematics in the social context’ which again shows numeracy can belong to mathematics  and, as Coben herself says, Mathematics >Numeracy; mathematics incorporating numeracy.

And if numeracy belongs to mathematics should it be seen as part of the Mathematics school curriculum? 

However, both interestingly and surprisingly, there are some who are not so explicit about the connection between numeracy and mathematics. O’ Donoghue (2003) when researching numeracy found that there are descriptions of numeracy which include little or no Mathematics. He concluded that numeracy and mathematics are not exchangeable terms, and neither is numeracy a by-product of mathematics education at any level. Although this does not suggest that there isn’t a relationship there is a suggestion that they are not closely related. Ginsburg, Manly and Schmitt (2006) add support to this argument when they discuss how little ‘out of school’ maths, which can be perceived as numeracy, resembles school maths. This is not to suggest that mathematics and numeracy are mutually exclusive, but it could suggest that they can be distinct from each other.
This was certainly the case in the original National Curriculum of Mathematics (DfEE, 1988) where there were five  attainment targets of Using and Applying Mathematics,  Number, Algebra, Shape and Space and Handling Data. The attainment target Using and Applying Mathematics (very similar to some interpretations of numeracy above) being an attainment target in its own right implied that this did not happen in the other four areas of Mathematics. It also showed that numeracy was part of the mathematics curriculum,  but mathematics was not explicitly part of numeracy. And, although the skills of using and applying Mathematics are emphasised, albeit separately, in this curriculum, literature at the time shows that children failed to apply their school taught methods to real life problems (Lave 1988, Nunes et al, 1993, cited in Brown et al, 1998). Is this because they were seen as separate entities? 
There was a shift in thinking in Wales in 2008. ‘Using and applying Mathematics’ was no longer seen as separate to the content of mathematics. It was expected that learners used their “number skills throughout the programme of study when solving problems in a variety of practical and relevant contexts and when investigating within mathematics itself.” (Welsh Government, 2008). In fact, the importance of number skills was not only emphasised in mathematics but throughout the curriculum “Learners develop their number skills across the curriculum by using mathematical information, calculating, and interpreting and presenting findings.” (Welsh Government, 2008).  What is interesting here is the term ‘number’ being used not ‘numeracy’. 
This change in acknowledging that we use and apply mathematics throughout the different areas of mathematics and indeed in other areas of the curriculum is an important one. It somehow ‘bridges the gap’ between knowing the mathematics and applying it to real life problems which was missing previously.  It is recognising the importance of what could be called numeracy throughout mathematics and other areas.  
The introduction of the statutory Literacy and Numeracy Framework (LNF)  (Welsh Government, 2013) built on this. The framework was  brought into force by Leighton Andrews, Education Minister at the time, as a result of Wales’ poor performance in the recent PISA tests. The framework acknowledged that numeracy plays a part in all areas of the school curriculum. However, it is interesting that, although Welsh Government intended numeracy to be applied in a cross curricular manner,  the numeracy tests which assess pupil progress against the framework,  have fallen to the responsibility of the Mathematics departments in schools. 
This then brings us to present day and the placing of numeracy in the new curriculum for Wales.

Conclusion

Returning to my original question, should numeracy be perceived as knowledge or a skill?

Earlier on in this paper the term ‘knowledge’ was being used in conjunction with terms such as content (Hattie, 2008) and experience (Coe et al, 2014). Is Mathematics the content, and numeracy the experience? If so, this would suggest that numeracy, when in conjunction with Mathematics, can be seen as knowledge and therefore is appropriately placed in the very similarly defined Area of Learning and Experience: Mathematics and Numeracy. 

However, interestingly numeracy is more commonly referred to as a skill in professional and research literature (OECD, 2014, Welsh Government, 2017).Therefore, perhaps Donaldson (2015) is correct in assigning it as a cross curricular skill too. There are many arguments for numeracy to be a cross curricular element of the new curriculum as numerous definitions of numeracy discussed above mention a  cross curricular approach or similar.
But, Donaldson (2015) goes further than suggesting that numeracy is a cross curricular skill. He actually sees it as a cross curricular responsibility which seems to indicate that all Areas of Learning and Experience are responsible and accountable for numeracy. There is a danger with this in that  the approach used to develop numeracy cross curricularly could become ‘tokenistic’ (Barnes, 2015). The link between numeracy and the subject/ area of learning could be superficial , used irrelevantly and there only because it is has to be there. This will not develop learning in either the area of learning and experience itself  or numeracy. The responsibility could also be left to the cross curricular AoLEs which  could mean non- specialists co-ordinating, leading on and even teaching numeracy which might, in turn, lead to a decline in pupils’ numeracy skills. There is also a risk that numeracy could become a multiple accountability with the no one person or department being responsible. 
Therefore, is numeracy better placed within, and be under the responsibility of the Mathematics and Numeracy AoLE?
As the earlier discussions suggest there is no doubt of a link between Numeracy and Mathematics and, therefore, I would agree that Donaldson seems to have placed it in the appropriate Area of Learning and Experience. And placing it in a ‘subject’ area can be appropriate, as discussed earlier. However, we must not assume that as the term ‘Numeracy’ is not in the title of, or explicitly linked to the other Area of Learning and Experiences ,that it should only be used with in the Mathematics and Numeracy AoLE. 

If we look at what is currently happening in schools ,we have two GCSEs for Mathematics; Mathematics and Mathematics: Numeracy. These are both the responsibility of the Mathematics departments in schools. If this does not change, and by Numeracy being in the Mathematics Area of Learning and Experience, there is the risk  that the other AoLEs will not use numeracy in their lessons at all and leave the use of numeracy to the Mathematics and Numeracy AoLE which would then contradict the cross curricular aspect of Numeracy.  Another interesting point here is that the very nature of separate  Mathematics  and Numeracy GCSEs  implies that they are not linked. This separation goes further in some schools where students have Mathematics lessons and Numeracy lessons separately on their timetables as a result of the separate GCSEs. 
However, I still think that  numeracy, supported by the above discussions, is, in all essence, Mathematics. I think it  involves the skills of applying the knowledge of Mathematics. Therefore, is there a need for a separate numeracy examination when there isn’t a separate examination for the application of other subjects’ knowledge? As a side note, albeit anecdotally, my Mathematics PGCE students find it difficult to be explicit in their use of numeracy when they plan their mathematics lessons. This could be because one could argue that, as they are using mathematics in their lessons, it could all be termed as ‘numeracy’. 

In fact, even though the notion of numeracy is an important one, I would go so far as asking the question is there a need for the term ‘numeracy’? We don’t, for instance, have a term for applying history knowledge or physics knowledge. And, whereas I acknowledge that we do have the term literacy for the application of the knowledge of English this could be because it encompasses our everyday language and communication naturally.  Or perhaps the arguments for not needing the term ‘numeracy’ could be applied to ‘literacy’ too. The same could be said of the term ‘Digital Competency’  which, interestingly, is a term not used in any of the AoLE headings. 
Another argument for not needing the actual term ‘numeracy’ comes from Jan de Lange of the Freudenthal Institute for Science and Mathematics Education in Utrecht who maintained, in a background paper, that  if mathematics were taught as it should be taught ,for reasoning rather than for mastery of algorithms, then  there would be little need for a distinction between mathematics and mathematical literacy (Steen, 2002). Indeed, Anita Straker who designed the National Numeracy Strategy for primary children in the UK, could be seen to support this notion when she talks of acquiring numeracy competence through being taught mathematics effectively (DfEE, 1999).
And even though we cannot forget the cross curricular element of numeracy in the new curriculum,  the Mathematics and Numeracy AoLE itself seems to have acknowledged this by describing the ‘Numeracy’ part of the AoLE  as involving applying and connecting these (mathematics) proficiencies in a range of real- life contexts, across and beyond the curriculum (Welsh Government, 2019). Therefore making it explicit that other areas of learning need to think about numeracy even though they might not be responsible for it. I think this is enough to emphasise the cross curricular element and the balance could be correct.
Looking to the future, I think if Mathematics teachers effectively and successfully teach  the ‘what’ and the ‘how’ of mathematics, as Furlong (2015) suggests, then  ‘numeracy’ as we know it, can be taught, learnt and understood through the subject of Mathematics leading to a successful future for all.
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