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Personal perspective
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Focus on workplace mathematics
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Main goals

1.Characterize workplace mathematics

2.Identify what is needed at work

3.Discuss lessons for curriculum redesign
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Drawing on research projects

1. Techno-mathematical literacies in the 
workplace project, co-directed by Celia Hoyles 
and Richard Noss, University of London, 2003 –
2007

2. Mathematics in vocational education (NL) + 
framework for vocational math (2006 – 2011)

3. Authentic professional practices as the basis for 
curricular design in general education (2007 –
2013)

4/29/2013 5



1. English project:
Understanding the system: 
Techno-mathematical 
Literacies in the workplace

Ethnographic and 
design-based 
research in 14 
companies in

Packaging, bakery, 
pharmaceutical, 
automotive, finance 
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Let’s enter the World of Work:

WoW!
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Film gauge should have 

as little variation as 

possible

Waste: 
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Understanding the system



Statistical process control
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Engineers’ complaints

• Operators have little sense of mean, 
target, common cause and special 
cause variation: 
They may change settings even if 
value is within the distribution

• They do not realize how things are 
connected (model, complex system)

4/29/2013 12

Rolling average 

(progressive mean)



Goal 1: Characterizing workplace math

• Steen (2003): Mathematics in the workplace 
makes sophisticated use of elementary 
mathematics rather than, as in the classroom, 
elementary use of sophisticated mathematics

• Math mediated by technology � invisible & 

blackboxed
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Artifacts and tools are 

excellent places to hide the 

math (Straesser, 2000)



Blackboxing refers to

“the way scientific and technical work is made 
invisible by its own success. When a machine 
runs efficiently, when a matter of fact is 
settled, one need focus only on its inputs and 
outputs and not on its internal complexity. 

Thus, paradoxically, the more science and 
technology succeed, the more 

opaque and obscure they 

become.” (Latour, 1999, p. 304)

4/29/2013 14



Relevance paradox (Mogens Niss):

Math is useless to me, but I am useless without 
math

Simultaneous subjective irrelevance and objective 
relevance of mathematics

Workplace is mathematised but the work is 
demathematised (math avoidance)

Exception: process improvement techniques (Six 
Sigma, Lean manufacturing)
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Finance: toward goal 2 (what is needed)

• Mistake in the computer system, discovered 
after 15 years of paying too much tax

• In communicating with customers, even with 
computer system to support them: lack of 
Techno-mathematical Literacies

• Percentages as labels: 1.6% per month versus 
5.8% per year

• Little idea about interest on interest:
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How long would it roughly take for 
10,000 GBP to double 
if the interest rate is 5%?

• Most common response:

• “Something with interest on interest?”

• 10000 – 5% = 9500

• Team leader: trial and error in computer system 
with fake customer � Techno-mathematical 

Literacy

• Actuary: 14 years (using rule of thumb 70/i)
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Buying money in mortgage bank

We asked: How does it work?

- Were referred to A
- Referred to B
- ...
- Referred to director
- Referred to Chicago...

Nobody understands the system!

(3 years before the 2008 crisis started)
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And this is still the case:
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In this bank 

nobody 

knows the 

whole 

system



Wrapping up TmL project

21st century skills: critical thinking, problem 
solving, collaboration, communication…

What are the underlying Techno-mathematical 
Literacies?
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Needed: Making the invisible visible

• Identifying a problem

• Identifying key variables

• Appreciating the need to quantify

• Systematic measurement and sampling

• Representing data (notion of distribution)

• Combining and coordinating different data 
sources to assess relative effects of key 
variables
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Coming to a decision and 
identifying an action

• Interpreting, conjecturing and communicating 
with data

• Risk assessment

• Making a decision based on information

• Judging implications of possible decisions and 
deciding action

- mediated by available technology and situated 
in the work context

Bakker et al. (2006). Journal of Education and Work
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The math needed at work

• Understanding the system (model)

• Statistical process control, Six Sigma, Lean
Manufacturing, quality assurance etc.

Finance: interest on interest (exponential growth)

Industry: measurement, using graphs for problem 
solving, modeling, ‘rolling average’

Majority of the ‘math’ we found was statistical
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English � Dutch project

Mainly qualitative analysis � more quantitative 

impression
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2. Intermediate-level jobs
(senior secondary vocational education)

Framework for mathematics in vocational 
education

Four domains (cf. PISA):

- Quantity, number, measure
- Space and shape
- Data handling and uncertainty
- Change, relations, formulas
Six levels (European Framework of Reference):

X1 (low), X2, Y1, Y2, Z1, Z2 (university)
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Data handling X2

Reads information from charts, schemes and 
diagrams, and collects simple numerical data, can 
represent this in an understandable way, for 
concrete tasks in familiar situations with little 
complexity in the personal/public domain and in 
the workplace.

With examples 

- interpreting timeline of building process
- growth curves
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Citizenship: Every 16-year old at least

Number Space Data 
handling

Relations

Z2

Z1

Y2

Y1

X2

X1
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To enter higher professional education 
(bachelor level)

Number Space Data 
handling

Relations

Z2

Z1

Y2

Y1

X2

X1
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Cobbler (shoe repair)

Number Space Data 
handling

Relations

Z2

Z1

Y2

Y1

X2

X1
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centers of expertise for vocational education 

described levels/domains in qualification files



194 intermediate-level occupations

Number Space Data 
handling

Relations

Z2

Z1

Y2 22 14 13 12

Y1 153 78 149 72

X2 17 68 25 80

X1 2 17 1 7

Blank 0 17 6 23
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Some observations

Variability in occupations

Most important in many occupations are

- Number, quantity, measure

- Data handling and uncertainty

Closely followed by

- Space and shape
- Relations, change, formulas
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Goal 3: lessons for curriculum redesign 

Some cautionary notes:

It may be more important in the mathematics 
class how you teach than what you teach (Polya)

What and how cannot be separated

(e.g., critical thinking, communication, 
collaboration, modeling)
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Can research answer the 
WHAT question?

Concerns:

- Content inventory (Schoenfeld, 1994)
- Fragmentation (Burton, 2002)
- Political choice rather than scientific

Van den Heuvel-Panhuizen, M. (2005). Cambridge Journal of 
Education
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However:

- What we teach – the opportunities to learn –
has major impact on what students know
(Hiebert, Kilpatrick)

- Educational research should come up with 
proposals for the what question (Greeno, 
Bruner), in particular ‘didactics’ in the European 
tradition
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Lessons from a utilitarian
workplace perspective 

1. Teach much more statistics and modeling
2. Use more technology, in particular 

spreadsheets

3. Also address relatively simple math in complex 
systems (interdisciplinary projects)

4. Do not only teach what students can fully 
understand (white boxes) but also unpack 
black boxes until they are grey: we need
different metaphors of learning
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How? Third project:

Base design of educational activities on authentic 
professional practices 

- Show relevance
- Teach relevant statistical modeling techniques
- Make connections between math and science

Dierdorp et al. (2011). Mathematical Thinking and Learning
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Authentic practice: Dike height monitoring



Measurements by helicopter



When do dikes need to be heightened?



Student responses (grade 11)
pre-university track

Questionnaire (N = 388):

With a professional practice as a basis for the 
curriculum I see the usefulness of the curriculum

3% do not agree

27% neutral

70% agree

If the techniques of the curriculum can be used by 
professionals, it motivates me to learn these 
techniques

61% agree
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Qualitative responses

• Because I often can’t see the usefulness of 
certain subjects.

• You see at least its usefulness.

• [The professional practice] gives better 
understanding of your ultimate goal.
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There is more hope

• Alympiad: mathematics competition for teams 
working on a real problem for a day

• Mascil: mathematics and science in life 
(European project)

• Excellent computer tools (e.g., TinkerPlots)

• A lot of research already done (e.g., 
mathematics education)
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Dreams 

Data base with videos on the value of any 
mathematical topic: resource to answer the 
question of why am I learning this? 

Better theories of learning mathematics

Research on curriculum reorganized around 
themes

- Math as an art in itself
- Mathematics of finance
- Mathematics of engineering
- Statistics of quality control
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To summarize: take home messages

WHAT: 

Modeling, understanding systems, statistics, 
computer-based math (but not only!)

HOW:

Focus on collaboration, communication, thinking, 
relevance, interest

Regrouping of the curriculum; Professional 
development of teachers; Improving assessment

More research in interdisciplinary teams

More mon€y for €ducation
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Chinese proverb

A clever person turns great troubles 
into little ones 

and little ones into none at all.

THANK YOU!
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