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Abstract This article addresses a key issue for mathematics educators preparing students for
work: How should teaching, learning and assessment be designed to meet the mathematical
demands of the workplace, especially when those demands are safety-critical? We explore this





Programme providers may wish to take the following information into account when
determining assessment criteria:

1. An ESC assessment strategy for medication-related calculation that demonstrates
competency across the full range of complexity, the different delivery modes and





2.1 Conceptualization of numeracy for nursing

The term numeracy is commonly used in nursing to denote the mathematical demands of
professional nursing practice, and the Reference Group was mindful of the terminological
confusion and contestation around the term (Coben et al., 2003). After FitzSimons and Coben
(2009), we consider the construct of numeracy to be best understood as an example of what
Bernstein calls a horizontal discourse: one in which knowledge is “embedded in on-going
practices, usually with strong affective loading, and directed towards specific, immediate
goals, highly relevant to the acquirer in the context of his/her life” by contrast to the vertical
discourse of mathematics (Bernstein, 2000, p.159). Against this background, the Reference
Group adopted the following generic definition:

To be numerate means to be competent, confident, and comfortable with one’s judgments
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)

This definition was chosen because it characterizes numeracy as the exercise of judgment
with respect to specific issues in relation to the demands and affordances of a given context; in
this case, nursing. It allowed us to explore issues of competence in MDC-PS and to delineate
what we did and did not consider to be numeracy issues in that context. Our formulation of the
relationship between the domains involved in our analysis (numeracy, health-care numeracy,
medicines management and medication dosage calculation) is given below (Fig. 1).

2.2 Evidence-based criteria for the assessment of numeracy for nursing

In working towards the establishment of evidence-based criteria for the assessment of numer-
acy for nursing, the Reference Group adopted Gulikers, Bastiaens, and Kirschner’s (2004, pp.
71–75) framework of five dimensions that inform the design and articulation of assessment
environments. The issue of what authenticity means in this context is discussed below. We
summarize Gulikers et al.’s framework as follows:

1. Task: Students should be exposed to authentic tasks that involve integration of knowledge,
skills and attitudes. The tasks should be meaningful and relevant to the student and should

Fig. 1 Medication dosage calcula-





(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 to
‘keep learning on track’” (Wiliam, 2006).
Transparent: The assessment should be able to demonstrate a clear relationship
between ‘test’ achievement and performance in the practice context (Weeks et al.,
2001).
Well-structured: The tool should provide the following:

& A unique set of questions with a consistent level of difficulty.
& A structured range of complexity.
& 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).

(Coben et al., 2008, pp. 96–97)

Having proposed these evidence-based criteria for the assessment of numeracy for nursing,
the Reference Group moved on to address the problem of articulating MDC-PS competence in
a word-based form. This work is outlined in the following section.

3 The problem of articulating MDC-PS competence in a word-based form

Word-based competence rubrics (such as that shown in Table 1), statements and regulatory
body advice are common features of traditional competence-based professional education





In the light of these considerations, and because it relates well to the adult and professional

http://www.authenticworld.co.uk/


cognitive apprenticeship, cognitive style in mathematics and non-threatening features of the learning
and assessment environments, have informed the design of these online programs. This process is
fully explored by Weeks, Hutton, Coben, Clochesy, and Pontin (2013b).



This approach lies in stark contrast to traditional didactic transmission methods of vocational







Following Wake and Williams (2001), our research supports an emphasis on the following:

& Using relatively low-level mathematics in quite complex situations and contexts, echoing
Steen’s (2004) often-quoted statement that “Mathematics in the workplace makes sophis-
ticated use of elementary mathematics rather than, as in the classroom, elementary use of
sophisticated mathematics” (p. 55)

& Encouraging experiences of a diversity of conventions and methods
& Having students experience activities where the mathematics is embodied in context and to

use artefacts with which they have become familiar
& Preparing students to transform their existing mathematical knowledge to make sense of

activities in unfamiliar workplace situations
& Having students design spreadsheet programmes for modelling and for the recording,

processing and analysis of data and
& Making students aware that there are many and varied ways to solve any problem

In addition, Hoyles, Wolf, Molyneux-Hodgson, and Kent (2002) recommend (a) develop-
ing an ability to perform paper and pencil calculations and mental calculations as well as
calculating correctly with a calculator; (b) calculating and estimating (quickly and mentally),
including understanding percentages, multi-step problem-solving, use of extrapolation; (c)
recognizing anomalous effects and erroneous answers when monitoring systems; (d) commu-
nicating mathematics to other users and interpreting the mathematics of other users; (e)
developing an ability to cope with the unexpected; and (f) developing a sense of complex
modelling, including understanding thresholds and constraints.

All vocational mathematics education must prepare students to become competent practi-
tioners, able to exercise their judgment safely and effectively in meeting the mathematical
demands of their work. The educator must therefore understand these vocational and mathe-
matical demands—



We believe that interdisciplinary collaboration to support authentic vocational mathematics
education is important, especially in safety-critical contexts. Interdisciplinary work requires the
development of boundary-crossing skills and integrated knowledge building (Spelt, Biemans,
Tobi, Luning, & Mulder, 2009), and the boundary-crossing literature offers a lens through which to
view such collaborations. Blackwell, Wilson, Street, Boulton, and Knell (2009) highlight the direct
benefits of interdisciplinary collaborations as: “the creation of new ecosystems or intellectual
ecologies within which other kinds of innovation can occur, or new questions be asked” (p. 4).

As noted above, the Reference Group research team is interdisciplinary, comprising
registered nurses, nurse educators, an adult numeracy educator and a psychometrician, all of
whom are expert in various qualitative and/or quantitative research methodologies. Such
interdisciplinary research collaborations are unusual in vocational mathematics education,
but in our experience, there is much to be gained in terms of mutual learning about the
mathematical demands of the vocational context and ways of supporting practitioners to meet
those demands. Experts in the different areas bring different insights and different ways of
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