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In this paper we outline and share examples of our work in progress on an 
inter-disciplinary project to develop a benchmark for a key aspect of 
numeracy for nursing, �‘Medication Dosage Calculation: Benchmark 
Assessment for Nursing�’, funded by NHS Education Scotland (NES). The 
project is exploring the key issues associated with determining the 
achievement of competence in nursing numeracy. It provides a real 
opportunity to establish a UK (and potentially also international) 
benchmark for nursing competence in numeracy at point of registration. 

Numeracy is a key skill for professional practice in nursing (Hutton, 1997). From 
September 2008 the body regulating the profession in the UK (the Nursing and 
Midwifery Council, NMC) will require nursing students to achieve 100% in a test of 
numeracy in practice (NMC, 2007a) before they will be allowed to register as nurses, 
yet there are currently no national standards for teaching and/or assessment of 
numeracy during pre-registration nurse training. Without such a standard, the measure 
of numerical competence is: 

... in the eye of the recipient of evidence of that competence, be it Higher Education 
Institutions, Regulators, Employers or Service Users. (Hutton, 2004) 

Medication errors6 are an aspect of clinical governance which has been highlighted 
recently by the National Patient Safety Agency (NPSA) and this issue is currently 
targeted for remedial action (NPSA, 2006a, 2006b). The number of injuries and deaths 
that can be attributed to medication errors in the NHS is unknown but 9% of incidents 
reported to the NPSA in its pilot data audit involved medicines (NPSA, 2003); this is 
consistent with historical data but since calculation error is not separately identified we 
do not know how many of these were calculation errors. The Department of Health 
report on Improving Medication Safety (Smith, 2004) put some of the blame for 
medication errors on inadequacies in the education and training of both doctors and 
nurses. In Scotland, two recent reports, Learning from Experience (SEHD, 2003) and 
Safe Today, Safer Tomorrow (NHS/QIS, 2006), have focused on patient safety and risk 

 
Notes 
6. The NPSA has adopted the terminology of the US National Co-ordinating Council for Medication 
Error Reporting and Prevention: �“A medication error is any preventable event that may cause or lead to 
inappropriate medication use or patient harm while the medication is in the control of health 
professional, patient or consumer.�” (Smith, 2004, p.20) 
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management, including medication error. The NPSA, in partnership with the British 
Medical Journal (BMJ) Publishing Group, has provided a standardised on-line 
educational package for junior doctors (NPSA, 2006a) but as yet nothing has been 
instigated for nurses. 

While medication errors are multi-factorial, lack of competence in numerical 
calculation is often cited as a key area of concern, especially with respect to medication 
dosage calculation (Weeks, Lyne, & Torrance, 2000). Numeracy in the healthcare 
context is much broader than medication calculation, but this is its most visible and 
commonly cited example, and greater consistency in assessment would strengthen 
support for enhancement of learning and teaching approaches. 

Employers are charged with reducing error rates year on year (Department of Health, 
2001) and new nurses can expect employers to include mathematics assessment as part 
of the interview process and within their employment. Anecdotal evidence suggests that 
many NHS employers are not confident that newly qualified nurses have the numeracy 
skills required for safe practice and some employers impose their own tests of 
numerical competency when selecting for Staff Nurse posts. These locally constructed 
tests are in all probability neither reliable nor valid and ad hoc testing of this nature is 
unlikely to provide assurance of competence. Service Managers and Practice 
Development Leads have also identified numeracy development needs amongst 
registered staff, but, in the absence of a benchmark, or diagnostic assessment, it is often 
difficult to determine which skills require development, or when competence has been 
achieved. 

A recent Commission for Healthcare Audit and Inspection report, The Best Medicine. 
The management of medicines in acute and specialist trusts7 made the following 
recommendations, which would go some way to addressing this situation: 

We recommend that the National Prescribing Centre lead a national exercise to identify 
existing best practice and then develop tools to test the medicines-related competency of 
staff in areas of high risk. These tools should be suitable for assessing all professional 
groups involved in prescribing and handling medicines. Trusts should also identify areas 
of medicine that are not adequately covered on training courses for each professional 
group of staff and implement actions to address deficiencies. (Commission for 
Healthcare Audit and Inspection, 2007, p.20) 

The Benchmark project 
Against this background, following on from a review of relevant literature (Sabin, 
2001) the recommendations in the consultation on Healthcare Numeracy (NES 
Numeracy Working Group, 2006)8, NHS Education for Scotland (NES) has brought 
                                                 
7 Authorities and trusts are the different types of organizations that run the NHS at a local level. 
8. NES recommended: 

1. A standardised suite of nationally recognised and validated Healthcare Numeracy 
provision that demonstrates sound academic progression and vocational relevance. 

2. Development of national guidance and practice placement standards regarding numeracy 
learning. 

3. Closer collaboration between Higher Education, Further Education and the service. 
4. National on-line resources for learning, teaching and assessment of healthcare numeracy. 
5. Development of a national multi-disciplinary benchmark assessment designed to 

determine competence achievement at the point of registration. 
6. Once developed, the standard could be used as a benchmark for employment purposes. 
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together an interdisciplinary group of subject experts from across the UK to explore the 
key issues associated with determining achievement of competence in nursing 
numeracy. The project is entitled �‘Medication Dosage Calculation: Benchmark 
Assessment for Nursing�’. We are focusing on medication-related calculations because 
this is the most common exemplar for nursing numeracy. Furthermore, incorrect 
calculation of medication dosage can result in harm to patients and to the reputation of 
the profession. 

The NMC requires universities to judge nursing students�’ mathematics ability at entry 
and at registration (NMC, 2004) and more recently, also at entry to branch (Adult, 
Child, Mental Health, and Learning Disability) (NMC, 2007c). We are focusing on 
proposing the establishment of a benchmark at entry to register because this is the point 
at which students become registered nurses, responsible for their professional practice 
within the NMC�’s regulatory framework. 

Regulation: Nursing numeracy as an element of fitness to practise, fitness for 
purpose and fitness for award 
The NMC has a clear and specific remit of public protection through professional 
regulation and uses its statutory control over the approval and monitoring of nursing 
education to ensure that appropriate professional standards are fostered amongst new 
practitioners and that achievement is determined through robust assessment. To that 
end, the NMC has established key competencies to be achieved at the end of the first 
�‘common foundation year�’ at �‘entry to branch�’ and at the end of the programme, on 
�‘entry to the register�’. Further, in identifying that entrants to pre-registration 
programmes require a foundation of literacy and numeracy skills from which to 
develop, for example, proficiency in communication and drug calculation skills 
relevant to professional requirements, the NMC has also set minimum entry 
requirements which must be met before applicants can begin their professional 
education. These requirements are outlined in the following sections. 

Numeracy requirements on entry to pre-registration nursing programmes 
The NMC identifies standards for both literacy and numeracy as specific components 
within their general entry requirements (NMC, 2004). In providing guidance to support 
this, the NMC suggest that evidence of literacy and numeracy may be deduced from 
academic or vocational qualifications, through evidence of key/core skills abilities, or 
through the approved educational institutions�’ own processes, which may include 
portfolios or tests for those without formal qualifications. NMC also states that 
educational institutions are additionally entitled to set their own specific educational 
entry requirements, which may be at a higher level than those required by the NMC. It 
is acknowledged that it would be regarded as best practice if all key stakeholders 
(educators, students, regulators, employers and the public) could agree on educational 
entry requirements for nursing. In the absence of such an agreement, the NMC 
regulatory standards place the onus for determining suitability for entry to programmes 
on programme providers (i.e., the Higher Education Institutions which provide pre-
registration nurse education programmes). 

                                                                                                                                            
(NES Numeracy Working Group, 2006). 
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Numeracy requirements within pre-registration nursing programmes: the 
assessment of health related numerical competence in the Essential Skills Clusters 
Since the publication of the NMC Standards of Proficiency for Pre-Registration 
Nursing Education Programmes (NMC, 2004) and in response to concerns raised by 
registrants and within the media, the NMC has sought to strengthen the process by 
which the achievement of specific skills is determined at the point of registration. 
Recognising that skills are often not demonstrated in isolation but as composite 
activities, the NMC has characterised these as �‘Essential Skills Clusters�’ (ESCs) and 
has consulted with UK stakeholders regarding their development (NMC, 2006). This 
consultation process culminated in the publication of NMC Circular 07/2007 (NMC, 
2007c) which specifies the UK-wide generic skills (in �‘care and compassion�’, 
�‘communication�’, �‘organisational aspects of care�’, �‘infection prevention and control�’, 
�‘nutrition and fluid maintenance�’, and �‘medicines management�’) required to support the 
achievement of the existing NMC outcomes for entry to branch and the proficiencies 
for entry to the register. The ESCs are mandatory within the curriculum with effect 
from September 2008, but their interpretation is left to individual Higher Education 
Institutions (HEIs), as the NMC states: 

- Essential Skills Clusters must be integrated into existing approved pre- registration 
programmes in a way that they remain visible and identifiable. It will be for programme 
providers to determine how these are used, incorporated and assessed. 

- Providers approving new programmes (or re-approving existing programmes) must 
demonstrate the integration of ESCs into the curriculum and how they are to be used, 
incorporated and assessed. The application of the ESCs will be evaluated through 
ongoing NMC quality monitoring. (NMC, 2007b, p.3) 

The requirements for pre-registration nursing programmes specify that at entry to 
branch, under the domain of �‘care management�’, nursing students are required to 
demonstrate achievement of all �‘common foundation�’ outcomes. These include 
demonstration of the �“literacy, numeracy and computer skills needed to record, enter, 
store, retrieve and organise data essential for care delivery�” (NMC, 2004, p.3). 

Whilst there would appear to be an axiomatic relationship between numeracy 
achievement at the earlier stages (pre-programme and mid-programme) and 
achievement at point of entry to the register (award), there is presumably still the 
opportunity to improve skills from a low base during the programme of preparation. 
Therefore, the NMC�’s focus on public protection through regulation places the 
determination of numerical competence at point of entry to the register as the key 
measurement point for achievement of competencies, including numeracy, since lack of 
achievement at this stage would undermine the assurance which registration provides. 
At entry to register all nursing staff are required to demonstrate the achievement of all 
professional competencies in order to show their fitness to practise and fitness for 
award. 

�‘Health related numerical assessments�’ are specified in the ESCs set out in NMC 
Circular 07/2007 (NMC, 2007c) and mapped against the Standards (NMC, 2007d). 
Annexe 1 to the Circular sets out the requirements for health related numerical 
assessments as follows: 
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Summative health related numerical assessments are required to test skills identified (*) 
within the ESCs that encompass baseline assessment and calculations associated with 
medicines, nutrition, fluids and other areas requiring the use of numbers relevant to the 
field of practice:  

- For entry to the branch, programme providers will use the ESCs to inform the nature 
and content of the assessment, including whether to assess through simulation. They 
will determine their own pass mark and number of attempts. 

- For entry to the register, programme providers will use the ESCs to inform the nature 
and content of numerical assessment in the branch programme where a 100% pass 
mark is required and all assessment must take place in the practice setting. The number 
of attempts is to be determined by the education provider. (NMC, 2007b, pp.2-3) 

The competencies required are set out in a series of statements in Annexe 2 to the 
Circular (NMC, 2007a). For example, under the ESC �‘Medicines Management�’, it is 
stated that patients or clients �“can trust a newly registered nurse to correctly and safely 
undertake medicines calculations�” as follows: at entry to branch, s/he �“Is competent in 
basic medicines calculations�”; at entry to the register, s/he �“Accurately calculates 
medicines frequently encountered within Branch�”. The associated �“Indicative Content�” 
is set out as: �“Numeracy skills, drug calculations required to administer medicines 
safely via appropriate routes in Branch including specific requirements for children and 
other groups�” (NMC, 2007a, p.25). 

Strengths and limitations of the present regulatory framework with respect 
to numeracy 
The increased level of specification of health related numerical assessments embodied 
in the new Essential Skills Clusters is welcome, as is the inclusion of �‘nutrition, fluids 
and other areas requiring the use of numbers relevant to the field of practice�’ as well as 
medicines calculation. The focus upon medicines calculation within the ESCs reflects 
both its visibility as a form of embedded �‘nursing numeracy�’ and its prominent media 
profile in relation to risk and public safety. In characterising the assessment of 
numeracy in terms of practice-based medication calculation, the NMC appears to be 
seeking to address the concerns of both those who view numeracy as entirely 
contextualised, and those who view it as a core skill per se, albeit in a nursing guise. 
The focus upon �‘drugs frequently encountered�’ and �‘via appropriate routes in the field 
of practice�’ is important, since this competence will apply across nursing branches as 
diverse as Mental Health and Children�’s Nursing. However, despite these 
improvements, the present dispensation has some fundamental limitations. 

Firstly, health related numerical competence is not defined (although it is exemplified) 
by the NMC, an unfortunate omission given that numeracy is known to be a slippery 
and contested concept (Coben et al., 2003, p.9). 

Secondly, the NMC acknowledges that: �“The ESC skills statements have not been pre-
tested for reliability or validity and may not be suitable for directly assessing 
competence�”. Programme providers are accordingly required �“to determine and 
demonstrate how these are integrated, applied and assessed within local assessment 
schemes�” (NMC, 2007b, p.3). This is problematic with respect to numeracy since we 
know that: 
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the assessment of calculation ability has either been based upon an assumption that the 
results of medication-calculation tests will correlate neatly with actual ability in clinical 
practice, or that observation and assessment of episodes of clinical performance will be 
able to infer the required level of underpinning knowledge. Fixed-point competence 
assessment is unlikely, in itself, to be any more useful than an individual test score at 
encouraging or determining the creative application of calculation skills in practice. The 
literature suggests that neither approach has, in isolation, been able to identify or support 
students and practitioners who struggle with this area of practice. (Sabin, 2001, pp.7-8) 

Thirdly, the NMC entry requirements allow for a determination of suitable numerical 
competence to be made from a number of forms of evidence, and individual Higher 
Education Institutions may apply different criteria in satisfying themselves about a 
student�’s numerical aptitude on entry. This has already led to wide variations in the 
interpretation and application of the NMC Standards, potentially based more upon 
student supply and demand than outcome analysis. 

Crucially, the NMC requirement that nursing students must achieve a 100% pass in a 
test of drug calculations in practice in order to register as nurses is meaningless unless 
we know what is being assessed and to what standard. Uncontrolled testing will lead to 
each Higher Education Institution or practice area developing its own test, with no 
measures of reliability or validity; standards will be variable in the extreme. 
Furthermore, practice settings simply cannot guarantee that the student is exposed to 
the full range of medication dosage problems, for example, involving calculations of 
sub-, multiple- and unit-dose. We have to ask: 100% of what? 

A benchmark assessment solution 
Providing an authentic, but safe environment in which students may both practise and 
be tested on the skills required, and in which support for the development of these skills 
is incorporated, would seem to be a better way forward, with these skills specified in a 
benchmark assessment. Confidence that the nurses�’ educational programmes will equip 
them with the necessary competence for safe medications dosage calculation should be 
the key factor. 

The benefits of establishing a suitable national benchmark are considerable. A robust 
statement of the competence in numeracy required of nurses would give programme 
providers a clear standard at which to aim. A benchmark standard of numeracy 
incorporated into the final assessment would ensure that nurse education was fit for 
purpose. Such a benchmark assessment would allow providers and nursing students to 
measure their progress towards the standard required for safe and effective practice as 
they progress from entry to branch to entry to register. A benchmark would also assure 
employers of registered nurses�’ competence with respect to numeracy and obviate the 
need for repeated testing of applicants for nursing jobs and nurses in service. If a 
specific numeracy competence standard were to be established at �‘point of entry to the 
register�’, and robust tools developed to measure its achievement, then the relationship 
between that standard and levels of achievement, which might precede it at �‘entry to 
branch�’ or �‘entry to programme�’ could be determined and other benchmark measures 
subsequently established. Thus �‘likelihood of success at entry to the register�’ could be 
calculated relative to �‘level of achievement at point of entry�’, and this coefficient used 
to guide supportive intervention. 
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This further suggests that a test of ability to calculate drug dosages competently by the 
end of �‘training�’ should be the culmination of a programme of education and formative 
assessment with suitable feedback to aid development, which begins at entry to the 
programme and is continuous throughout the three years of training. 

How students are assessed against the standard and prepared for an assessment are also 
essential aspects of the benchmarking process and establishing a benchmark assessment 
would allow education providers to test out different approaches to supporting 
numeracy learning and teaching. 

In the next section, we consider what such a benchmark assessment might look like and 
the principles that should inform its development. 

Principles of adult learning and teaching 
The teaching and assessment of numeracy for nursing should be consistent with 
research-based principles of adult learning and teaching in which we draw on 
constructivist and socio-cultural approaches (Coben, 2000; Tusting & Barton, 2006). 
These principles we characterise as follows: 

 Learning is a purposeful, goal-directed activity building on prior knowledge and 
experience to shape and construct new knowledge and a social activity embedded 
in a particular culture and context. 

 Effective learning requires that the learner understand not only the facts but the 
underlying principles, patterns and relationships acquired through the application 
of knowledge9. 

 Knowing when and how to apply what has been learned (procedural knowledge) 
is central to expertise, and can be acquired only through practice in an authentic 
environment. 

 Teaching involves informed interpretations of, and responses to, learners�’ 
approaches to learning. 

 Metacognitive strategies can be taught. 

 Scaffolding instruction helps learners to develop their fluency, independence and 
range as they move from being a new learner to becoming an expert learner. 

A modern conception of numeracy 
Modern conceptions of numeracy stress the importance of effective use, not just 
knowledge and skills, and purpose, in making sense of use. The situatedness of 
numeracy, shaping its use and purpose, is stressed, as is critical engagement on the part 
of the numeracy �‘agent�’, in this case, the nurse or student nurse (Coben et al., 2003; 

                                                 
9 The assumption of the �‘application�’ of knowledge is problematic. Engeström (Engeström, 2001) and 
others (FitzSimons & Coben, 2007; Kanes, 2003) have argued that knowledge is not simply �‘applied�’, 
instead, locally �‘new�’ knowledge is developed in ever-evolving workplace situations, drawing upon 
what has previously been learned but in creative ways appropriate to the context and situation at hand 
(Gail FitzSimons, private communication, 19 Sept., 2007). 
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Condelli et al., 2006). With this in mind, we have adopted the following working 
definition of what it means to be numerate: 

To be numerate means to be competent, confident, and comfortable with one�’s 
judgements on whether to use mathematics in a particular situation and if so, what 
mathematics to use, how to do it, what degree of accuracy is appropriate, and what the 
answer means in relation to the context. (Coben, 2000, p.35, emphasis in the original) 

Teaching, learning and assessing numeracy for nursing 
Integrating numeracy into healthcare education and training in order to support trainees 
before they join the profession presents challenges in that nursing lecturers may not 
recognize the numeracy in nursing or know how to teach it. At the same time, adult 
numeracy tutors are unlikely to know the numeracy requirements of the healthcare 
context; there is in any case a low base in terms of the numbers of trained, experienced 
adult numeracy tutors and numeracy has until recently been somewhat overshadowed 
by literacy in the Scottish �‘adult literacies�’ field (Coben, 2005). We suggest that a team 
approach, with healthcare professionals and adult numeracy specialists working 
together on contextualised numeracy teaching and assessment, may offer a way 
forward, alongside the development of training, continuing professional development 
(CPD), teaching, learning and materials geared to healthcare professionals�’ numeracy 
needs. 

Given the continued focus upon widening entry to the healthcare professions, and the 
impetus for adopting non-traditional routes, it has been argued that demanding 
minimum levels of numeracy, as determined by school qualifications, would impact 
greatly on recruitment, and indeed, could be prejudicial to many potentially competent 
staff (Hutton, 1998). Nonetheless, recent NMC consultation work on general entry 
requirements has focused upon a review of whether further guidance should be 
provided on minimum entry criteria, including numeracy standards. We suggest that a 
formative testing of numeracy skills at entry to programme would provide a baseline for 
developing competence. There is firm evidence that formative assessment improves 
learning (Black & Wiliam, 1998). 

Nursing numeracy is strongly situated in the nursing/healthcare context and, as 
Williams and Wake point out, mathematical processes tend to become crystallised in 
�‘black boxes�’ shaped by workplace cultures, with instruments, rules and divisions of 
labour tending to disguise or hide mathematics. They argue that training programmes 
need to be better aligned with the needs of students (Williams & Wake, 2007). In 
particular, nurses�’ skills need to be sufficiently robust to cope with the stress, anxiety 
and time pressures of nursing, given that nursing is safety-critical activity: they need to 
be numerate under pressure. 

Teaching and assessment for numeracy in nursing should be able to generate: 
independence; good critical judgment (e.g., on how accurate to be, when to estimate, 
within what tolerance and why); proficiency in practice; and accountability to relevant 
stakeholders. Numeracy for nursing must have high use value and high exchange value 
(Coben, 2006). It must be integrative, i.e., it must incorporate the mathematical, 
cultural, social, emotional and personal aspects of each individual in a particular 
context (Maguire & O'Donoghue, 2003). Assessment for numeracy in nursing must be 

 95



formative (for effective learning) and summative (for accountability)10 (Wiliam & 
Black, 1996). 

The nursing profession must recognise the relative importance of numeracy in the 
whole context of practice in order to ensure safety and quality in such key aspects of 
nursing practice as: drug administration and prescribing; fluid balance calculation; 
support for patients�’ nutritional needs; calculation of intravenous fluid 
requirements/rates; calculations related to weight and body mass index (BMI); nursing 
administration; plotting and recording data; and understanding relevant research and 
evidence. 

Good practice principles for numeracy benchmark assessment 
We have developed the following research-based criteria for the features of an effective 
numeracy benchmark assessment tool. Such a tool should be reliable, valid and capable 
of recreating the complexity of nursing numeracy in an authentic assessment 
environment. Specifically, it should be: 

 Realistic: Evidence-based literature in the field of nursing numeracy (Hutton, 
1997; Weeks, 2001) strongly supports a realistic approach to the teaching and 
learning of calculation skills, which in turn deserve to be tested in an authentic 
environment. Questions should be derived from authentic settings. A computer 
based programme of simulated practice in drug calculations, formative testing, 
with feedback on the nature of errors made, has been shown to develop 
competency in medication dosage calculation, which can be also demonstrated in 
the clinical areas (Weeks, Lyne, & Torrance, 2000). Exposure of students to real-
world situations is recommended (Weeks, 2001). 

 Appropriate: The assessment tool should determine competence in the key 
elements of the required competence (OECD, 2005; Sabin, 2001). 

 Differentiated: There should be an element of differentiation between the 
requirements for each of the branches of nursing (Hutton, 1997). 

 Consistent with adult numeracy principles: The assessment should be consistent 
with the principles of adult numeracy learning teaching and assessment, having 
an enablement focus (Coben, 2000). 

 Diagnostic: The assessment tool should provide a diagnostic element, identifying 
which area of competence has been achieved, and which requires further 
intervention (Black & Wiliam, 1998). Thus it should �“provide information to be 
used by students and teachers that is used to modify the teaching and learning 
activities in which they are engaged in order better to meet student needs. In other 
words, assessment is used formatively to �‘keep learning on track�’�”. (Wiliam, 
2006). 

                                                 
10. �“An assessment is defined as serving a formative function when it elicits evidence that yields 
construct-referenced interpretations that form the basis for successful action in improving performance, 
whereas summative functions prioritise the consistency of meanings across contexts and individuals.�” 
(Wiliam & Black, 1996, p.537). 
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 Transparent: The assessment should be able to demonstrate a clear relationship 
between �‘test�’ achievement and performance in the practice context (Weeks, 
Lyne, Mosely, & Torrance, 2001). 

 Well-structured: The assessment tool should provide: 

 a unique set of questions with a consistent level of difficulty; 

 a structured range of complexity; and 

 the assessment should take place within a defined framework, at points 
by which students can be effectively prepared, while allowing time for 
supportive remediation. (Hodgen & Wiliam, 2006) 

 Easy to administer: the assessment should provide the opportunity for rapid 
collation of results, error determination, diagnosis and feedback (Black & 
Wiliam, 1998). 

Examples of assessment items 
Examples of items from the exemplar assessment tool we have developed for this 
project are given below (Figure 1). The tool has been designed by Keith Weeks and 
Norman Woolley as part of the Authentic World® program. This program is based on a 
constructivist-centred design drawn from the work of Piaget (1983), Bruner (1975), and 
von Glasersfeld (1987). Its aim is to facilitate the students�’: 

 visualisation or �‘seeing�’ of the elements of the dosage calculation problem as 
manifested in clinical practice; 

 mapping of these elements onto the word-based formulae and number-based 
equations used to solve the problem. 

The constructivist education process forms part of a cognitive apprenticeship 
framework (Collins, Brown, & Newman, 1990). This framework: 

 models the expert problem solving processes that may be obscured from students 
in the classroom and clinical settings; 

 facilitates authentic diagnostic assessment of a student�’s dosage calculation 
ability using interactive representations of the syringes, etc., used to measure and 
administer medication dosages in clinical practice. (Weeks, 2007) 

As a first step, we shall pilot the exemplar assessment tool to determine its validity and 
reliability. 
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Figure 1: Examples of online assessment of numeracy for nursing from Authentic World® 

 

Conclusion 

We suggest that a benchmark for nursing numeracy urgently needs to be established in 
order to ensure consistency across education providers in meeting the requirements of 
all stakeholders, be they providers of education, the regulator, employers or the students 
themselves.  

The benchmark needs to consider the levels of numeracy competence identified above 
and to include a strong element of process as well as outcome, based on available 
research evidence. 

We are developing such a benchmark, together with its associated assessment tool, in 
our project for NHS Education Scotland, outlined above. To this end, we are working  

collaboratively with stakeholders across the education and service sector in Scotland to 
pilot items on medication dosage calculation. In the process, we are also interrogating 
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and developing our theoretical understanding of numeracy learning and assessment for 
nursing. 

This work moves NHS Scotland to the forefront of the nursing numeracy agenda and 
provides a real opportunity to establish a UK (and potentially also an international) 
benchmark for nursing competence in drug calculation at point of registration. 
Ultimately, such benchmarking is a matter for agreement by the profession; the 
Healthcare Commission�’s recommendations, if implemented, may expedite this at a 
multidisciplinary team (MDT) level. We hope our work will inform the debate and we 
look forward to reporting on the progress of the project at future conferences. 

 

Acknowledgement 
We are grateful to Gail FitzSimons for her comments on an earlier draft of this paper. 

 

References 

Black, P., & Wiliam, D. (1998). Inside the Black Box: Raising standards through 
classroom assessment. Phi Delta Kappan, 80(2), 139-148. 

Bruner, J. S. (1975). Toward a Theory of Instruction. Cambridge: Belknap/Harvard. 
Coben, D. (2000). Numeracy, mathematics and adult learning. In I. Gal (Ed.), Adult 

Numeracy Development: Theory, research, practice (pp. 33-50). Cresskill, NJ: 
Hampton Press. 

Coben, D. (2005). Adult Numeracy: Shifting the focus. A Report and Recommendations 
on Adult Numeracy in Scotland. Edinburgh: Learning Connections, Scottish 
Executive. 

Coben, D. (2006). What is specific about research in adult numeracy and mathematics 
education? Adults Learning Mathematics - An International Journal, 2(1), 18-
32. 

Coben, D., Colwell, D., Macrae, S., Boaler, J., Brown, M., & Rhodes, V. (2003). Adult 
Numeracy: Review of research and related literature. London: National 
Research and Development Centre for Adult Literacy and Numeracy (NRDC). 

Collins, A., Brown, J. S., & Newman, S. E. (1990). Cognitive apprenticeship: Teaching 
the crafts of reading, writing, and mathematics. In L. B. Resnick (Ed.), 
Knowing, Learning, and Instruction: Essays in honor of Robert Glaser (pp. 
453-494). Hillsdale, NJ: Lawrence Erlbaum. 

Commission for Healthcare Audit and Inspection. (2007). The Best Medicine. The 
management of medicines in acute and specialist trusts. London: Commission 
for Healthcare Audit and Inspection 

Condelli, L., Safford-Ramus, K., Sherman, R., Coben, D., Gal, I., & Hector-Mason, A. 
(2006). A Review of the Literature in Adult Numeracy: Research and conceptual 
issues. Washington, DC: American Institutes for Research. 

Department of Health. (2001). Building a Safer NHS for Patients. Implementing an 
organisation with a memory London: Department of Health. 

Engeström, Y. (2001). Expansive learning at work: Toward an activity theoretical 
reconceptualization. Journal of Education and Work, 14(1), 133-156. 

 100



FitzSimons, G. E., & Coben, D. (2007). Adult numeracy for work and life: Curriculum 
and teaching implications of recent research. In R. Maclean & D. Wilson (Eds.), 
UNESCO-UNEVOC International Handbook of Technical and Vocational 
Education and Training. Bridging Academic and Vocational Education. 
Dordrecht: Springer. 

Hodgen, J., & Wiliam, D. (2006). Mathematics Inside the Black Box: Assessment for 
learning in the mathematics classroom. London: nferNelson. 

Hutton, B. M. (1997). The Acquisition of Competency in Nursing Mathematics. 
Unpublished PhD, University of Birmingham, Birmingham. 

Hutton, B. M. (1998). Do school qualifications predict competency in nursing 
calculations? Nurse Education Today, 18(1), 25-31. 

Hutton, B. M. (2004). What do we mean by competency in calculation? Paper 
presented at the Conference A Calculated Risk: Numeracy needs in Healthcare, 
Murrayfield Stadium, Edinburgh, 19th November, 2004. Retrieved 8 October, 
2007. from http://www.nes.scot.nhs.uk/multi/numeracy/documents/Meriel.ppt 

Kanes, C. (2003). Strategies for developing flexible learning. In J. Stevenson (Ed.), 
Developing Vocational Expertise. Sydney: Allen & Unwin. 

Maguire, T., & O'Donoghue, J. (2003). Numeracy concept sophistication - an 
organizing framework, a useful thinking tool. In J. Maaß & W. Schlöglmann 
(Eds.), Learning Mathematics to Live and Work in Our World. ALM-10. 
Proceedings of the 10th International Conference on Adults Learning 
Mathematics in Strobl (Austria) (pp. 154-161). Linz, Austria: ALM and 
Johannes Kepler Universität Linz. 

NES Numeracy Working Group. (2006). Identifying and Supporting the Numeracy 
Needs of Healthcare Staff in Scotland (Consultation). Edinburgh: NHS 
Education Scotland (NES). 

NHS/QIS. (2006). Safe Today - Safer Tomorrow. Patient Safety: Review of Incident 
and Near-Miss Reporting. Full Report. Edinburgh: National Health Service 
Quality Improvement Scotland. 

NMC. (2004). Standards of Proficiency for Pre-registration Nursing Education. 
London: Nursing and Midwifery Council. 

NMC. (2006). Essential Skills Cluster Consultation: Medicines management 
(Consultation Document). London: Nursing and Midwifery Council. 

NMC. (2007a). Essential Skills Clusters (ESCs) for Pre-registration Nursing 
Programmes. Annexe 2 to NMC Circular 07/2007. London: Nursing and 
Midwifery Council. 

NMC. (2007b). Guidance for the Introduction of the Essential Skills Clusters for Pre-
registration Nursing Programmes. Annexe 1 to NMC Circular 07/2007. London: 
Nursing and Midwifery Council. 

NMC. (2007c). Introduction of Essential Skills Clusters for Pre-registration Nursing 
Programmes (pdf).   Retrieved 8 October, 2007, from http://www.nmc-
uk.org/aArticle.aspx?ArticleID=2558#skills. London: Nursing and Midwifery 
Council. 

NPSA. (2003). A report on the Pilot Data Audit undertaken by the NPSA. In NPSA 
Business Plan 2003-04. London: National Patient Safety Agency. 

NPSA. (2006a). Safe Foundations: Patient safety education modules for junior doctors. 
from http://www.npsa.nhs.uk/press/display?contentId=5186. London: National 
Patient Safety Agency. 

 101

http://www.nmc-uk.org/aArticle.aspx?ArticleID=2558#skills
http://www.nmc-uk.org/aArticle.aspx?ArticleID=2558#skills
http://www.npsa.nhs.uk/press/display?contentId=5186


NPSA. (2006b). Safety in Doses: Medication safety incidents in the NHS. The fourth 
report from the Patient Safety Observatory (No. PSO/4). London: National 
Patient Safety Agency. 

OECD. (2005). The Definition and Selection of Key Competencies. Executive Summary. 
Paris: Organisation for Economic Cooperation and Development. 

Piaget, J. (1983). Piaget's theory. In W. Kessen (Ed.), Handbook of Child Psychology 
(Vol. 1). New York: Wiley. 

Sabin, M. (2001). Competence in practice-based calculation: Issues for nursing 
education. A critical review of the literature. Occasional Paper 3. London: 
Learning and Teaching Support Network (LTSN) Centre for Health Sciences 
and Practice. 

SEHD. (2003). Learning from Experience. How To Improve Safety For Patients In 
Scotland. A Consultation Paper. Edinburgh: SEHD. 

Smith, J. (2004). Building a Safer NHS for Patients �– Improving medication safety. 
London: Department of Health Publications. 

Tusting, K., & Barton, D. (2006). Models of Adult Learning. Leicester: NIACE. 
von Glasersfeld, E. (1987). The Construction of Knowledge: Contributions to 

Conceptual Semantics. New York: Intersystems Publications. 
Weeks, K. W. (2001). Setting a foundation for the development of medication dosage 

calculation problem solving skills among novice nursing students. The role of 
constructivist learning approaches and a computer based �’Authentic World�’ 
learning environment. Unpublished PhD, University of Glamorgan. 

Weeks, K. W. (2007). No more �‘chalk and talk�’: Teaching drug calculation skills for 
the real world. Safer Healthcare   Retrieved 26 August, 2007, from 
http://www.saferhealthcare.org.uk/IHI/Topics/ManagingChange/SafetyStories/t
eaching+drug+calculation+skills+for+the+real+world.htm 

Weeks, K. W., Lyne, P., Mosely, L., & Torrance, C. (2001). The strive for clinical 
effectiveness in medication dosage calculation problem solving skills: The role 
of constructivist theory in the design of a computer-based �‘authentic world�’ 
learning environment. Clinical Effectiveness in Nursing, 5, 18-25. 

Weeks, K. W., Lyne, P., & Torrance, C. (2000). Written drug dosage errors made by 
students: The threat to clinical effectiveness and the need for a new approach. 
Clinical Effectiveness in Nursing, 4, 20-29. 

Wiliam, D. (2006). Does Assessment Hinder Learning? [Electronic Version] from 
http://www.uk.etseurope.org/home-corpo-uk/news-
home/?print=1&news=136&view=detail&no_cache=1. 

Wiliam, D., & Black, P. (1996). Meanings and consequences: A basis for 
distinguishing formative and summative functions of assessment. British 
Educational Research Journal, 22(5), 537-548. 

Williams, J. S., & Wake, G. D. (2007). Black boxes in workplace mathematics. 
Educational Studies in Mathematics, 64(3), 317-343. 

 
 
 
 
 
 
 
 
 

 102

http://www.saferhealthcare.org.uk/IHI/Topics/ManagingChange/SafetyStories/teaching+drug+calculation+skills+for+the+real+world.htm
http://www.saferhealthcare.org.uk/IHI/Topics/ManagingChange/SafetyStories/teaching+drug+calculation+skills+for+the+real+world.htm
http://www.uk.etseurope.org/home-corpo-uk/news-home/?print=1&news=136&view=detail&no_cache=1
http://www.uk.etseurope.org/home-corpo-uk/news-home/?print=1&news=136&view=detail&no_cache=1

	Preface
	Introduction
	The International Adult Literacy Survey 
	1998 to Present: Adult Literacy Service Expansion and Improvement
	First National Adult Literacy Strategy
	Learning for Life 
	The National Adult Literacy Program
	Training and Practitioner Supports Teacher and Tutor Preparation and Certification
	The Quality Framework for Adult Literacy 



	The Present System: Philosophy, the Role of NALA, and Structure of Adult Literacy Services
	Defining Literacy in Ireland
	Structure of Adult Literacy Services
	Adult Literacy Services in Ireland 


	Non VEC Adult Literacy Programs
	Workplace Basic Education (WBE): Return to Learning Workplace Project in the Local Authorities 
	Unemployment: Return to Education—An Intensive Basic Education Model for Unemployed People with Adult Literacy Needs  
	Integration of Adult Literacy into Vocational Education and Training Targeted at the Socially Excluded

	Current Issues and Challenges
	Adult Literacy Policy in the European Union 

	Conclusion
	Useful Contacts
	Journals
	References
	What is numeracy? 
	A most heterogeneous target group 
	Maths – A Tool
	The profile of the learner in our youth training centre:  has left school without achieving any formal second level qualification or has achieved the minimum qualification.  Level 3 on the framework of awards.  Usually aged between 15 and 17 years with low self-esteem, low self-confidence and possibly disengaged from society.  They have also disengaged from the educational system.
	Why not?  Numeracy is everywhere, it is not confined to mathematics classes, but numeracy has mathematics at its core.  We introduce the learner to maths in their world.  Clocking in is an introduction to calculating the hours the learner will be paid a training allowance for.  We encourage the learner to calculate their own training allowance.
	Calculating the training allowance
	Trainee allowances and travel
	18 Years    €185.80
	17 Years    € 94.60
	15-16 Years    €75.70
	Travel allowances
	0- 3 miles    nil
	3 – 5 miles    €4.60
	5 – 10 miles    €11.90
	10 – 20 miles   €17.60
	20 – 30 miles   €21.60
	30 – 40 miles   €27.70
	40 – 50 miles   €32.50
	Meal allowance of €4.00 per week, or .80c per day
	Find out your own allowance:
	1. What age are you?
	2. Fill in your allowance
	3. Fill in your travel if any
	4. Fill in your meal allowance
	5. Add up the figures
	This is your weekly allowance if you attend every day.

	Numeracy in real life situations
	When a learner follows a timetable in the centre they are using mathematical skills.
	Numeracy should be taught in context for the learner.  Practical activities and hands on materials that are real, such as the timetable or the training allowance calculation are real and have meaning for the learner.
	 Quantity and number
	 Space and shape
	 Data handling and chance
	 Problem solving
	 Patterns and relationships
	It is the role of the tutor in the centre to assist the learner to ‘see’ the numeracy in their subject areas.
	Estimation is an important skill in numeracy. Estimate the weight of an everyday item, an egg, one tomato etc.  Allow the learner to check the actual weight. Move onto larger items and the learners will have a mental picture of the weight of items.  It is also a good idea to get learners to measure themselves, this is a useful ‘rule of thumb’ to estimate size.  Measure from the top of your thumb to the knuckle – approx 3 cm 
	30 mm.
	How thick is a match?
	How high is the ceiling?
	How many glasses of milk from one litre carton.
	What is the length of the room?
	What are the size of a goals on a soccer pitch?
	In catering measuring the ingredients for cooking are obvious uses of numeracy.
	Ratios can also be used in baking, for instance a recipe for pastry is 2:1 flour to butter.
	In hairdressing the chemicals must be measured accurately for hair colouring and perming.  60 ml of peroxide to 60 ml of permanent tint.  For perming a learner must measure 100ml of perming lotion from a 5 litre bottle.  Perms and colours must be timed accurately, some need to be checked after ten minutes and 5 minutes thereafter.  They can also calculate the cost of the lotion for one application.
	Engineering offers endless use of measurement and calculations.
	Allowing a learner to make a metric rule of one metre, and mark in given measurements enables them to ‘see’ the measurement.  Guess which spanner will open a specific nut.  Check the size of the spanner.
	Learners are encouraged to count numbers of trainees for different reasons.  How many are going swimming?, how many are going to gym?  How many are there altogether for lunch?  How many sandwiches do we need for the lunch?  How many slices in a sliced loaf?  Work out how many loaves we need.
	Give learners a number line to assist in rounding numbers.
	0  10 20 30 40 50 60 70
	Mark the following numbers on the line
	  17 21 58 39
	Round each number to the nearest 10, use the line to help you.
	This can be integrated into daily life through distance, area, speed, angles and relationships between stationary and moving objects.
	When calculating the training allowance learners must know how far they live from the centre, this determines their travelling allowance if any.
	Ask learners to give directions to the bank, doctors surgery etc.  
	Our induction book has a map of the town and directions to the centre, we ask them to give these directions to each other starting from different locations in the town.  We also get them to read warning symbols and road signs.  Learners study for the driver theory test and must know the road signs in order to pass this test.    
	Give the learners a drawing of a football pitch.  Ask them to identify the following:
	 Circle
	 Quadrant
	 Segment
	 Right angles
	 Rectangles

	The dartboard
	If the diameter of a dartboard is 42cm. Calculate the length of a piece of metal needed to go round the side of the board.
	   =  42 cm
	Circumference  =  2(r
	    = (2r
	    = (.D=22 X 42 = 22 X 6 = 132 cms.
	       7
	Learners make  ceramic clocks.
	They must divide the clock face accurately.
	They also make vessels, jugs, cups etc.  They calculate the volume of these vessels.  They also make trinket boxes which are cubes.
	Data handling can be integrated into following the news.  The recent election results were depicted by bar charts etc. on the news and in newspapers.  Learners can carry out surveys to find out what lunches the majority prefer and the menus for the centre based on the findings.  This allows learners see the usefulness of statistics.
	Chance can be discussed in the context of racing, football, tennis and card games.  Rolling dice versus tossing a coin demonstrates chance very clearly.  When choosing a venue for an outing.   Learners carry out surveys to determine the favourite activity and we choose accordingly.
	Problem solving is logical thinking.  Using sudoku or similar puzzles uses logical thinking.  Teenagers love puzzles.  We make sure there are plenty in the canteen for them to use at will.  Make up number patterns and leave those in the canteen to tempt them.  Fill in the missing number for instance: 20,18,16,14,__10
	Ask a learner to plan out the following:
	You have to be in the centre at 9.00 am
	It takes you 15 minutes to walk to the centre.
	You go to the shop on the way to buy cigarettes (an extra 5 minutes)
	You call to your friends house to meet them (10 minutes)
	What time should you leave home at to be in on time?
	Patterns are everywhere around us. We use patterns to organize what we see and hear and to make sense of data whether we are driving in a car, listening to music, or solving mathematical problems. 
	Finding, describing, explaining, and using patterns to make predictions are among the most important skills in mathematics. These skills allow users of mathematics to impose order, meaning, and understanding on situations that at first seem like collections of random facts.
	Finding patterns is a subjective activity. Different people notice different things, so what one person sees is often different from what another perceives. That's why it's so important to describe patterns in language that everyone understands -- so others can see what you see. Algebra is a tool for describing patterns, and there are many others.
	It's important to keep in mind, however, that algebra is much more than a language. Algebra may be introduced as a way to reason about things. In fact, "making sense" is what doing mathematics is all about.
	The mention of the word algebra causes the learners in our centre panic, “I hate algebra, it’s one of the reasons I left school, don’t make me do algebra.”  By explaining that finding the pattern and grouping items by relationship is algebra, it becomes less daunting.   Help the learners to see that the most important aspect of algebra is the seeing, interpreting and expressing patterns.  Recognising the relationships in the information given.  
	Discuss the fact that Manchester United’s pitch is the largest in the premiership.
	Reading has the smallest pitch.  
	Discuss the variables, how much more space a player must cover on the larger pitch.
	Draw out a metre squared, multiply by 480 to get the difference in space between the two pitches.  This gives a visual image of the space involved.
	Numeracy is part of everyone's life, in the case of early school leavers it is imperative to help them ‘see’ why numeracy is important for them.  The job prospects for early school leavers are not good, but if they can achieve national qualifications in mathematics and also understand where numeracy and mathematics exist in their everyday lives their chances of progression improve.  The application of numeracy is vital.

	An investigation to “mathematical literacy” of adults using PISA – items
	2. The items from the perspective of mathematics didactics
	Semester 2
	Mathematics 1  bachelor mechanical and electrical 
	Entry
	Exit


	Intended Course Outcomes
	 Impel students to be active learners.

	3. Part-time students 
	4. Apprentices
	4.2 Problems with Independent Learning
	References
	Máire Ní Ríordáin
	John O’ Donoghue
	Department of Mathematics & Statistics
	Department of Mathematics & Statistics
	Maire.NiRiordain@ul.ie
	John.ODonoghue@ul.ie
	Findings
	John O’ Donoghue
	Henk Van Der Kooij
	Department of Mathematics & Statistics,
	John.ODonoghue@ul.ie
	henk@fi.uu.nl
	Table 1 Distribution of workload 
	INULIS Assessment framework
	Dimension
	Weight
	Characterisation of mathematics in INULIS
	Competency classes in INULIS
	Contexts and situations


	Table 7 Outline of Personal Context
	Table 8  Outline of Public Context
	Table 9  Outline of Occupational Context
	Table 10  Outline of Scientific Context
	Table 11 INULIS Type 1 test structure
	Table 12 INULIS Type 2 test structure

	References
	Louise Randall
	Todd Troutmann
	randall@lcc.edu
	ttroutmann@lcc.edu
	Conclusion

