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Starting point for this chapter is that societal changes ask for adaptations of a foundational 

mathematics curriculum for all. This chapter especially looks at the effects of information 

technology and globalization on the job market and employability, with an eye on its consequences 

for the goals of mathematics education. It shows that next to the need for a change towards more 

problem solving and interaction, changes in the content of the curriculum will be needed. It is 

argued that the latter may concern topics such as, measurement, variability, and reasoning with 

(models of) relations between variables. In addition it is shown that information technology may 

offer the means to tailor education towards these goals. 

 

Introduction  

“Where are the jobs?” asked BusinessWeek on the cover of its March 24, 2004 issue. At that time, 

the economy bounced back from a small recession, but although the economy recovered, 

employment did not rise. An explanation for this paradox was given by the economists Levy and 

Murnane (2006), who did an empirical study on how the job market in the U.S. developed between 

1960 and 2000. Their analysis was that a crucial factor in the development of the job market is 

whether a task can be turned into a routine. Tasks that can be broken down into repeatable steps that 

hardly vary, will be consigned to computers, or will be handed over to lower-paid workers outside 

the U.S.1 They speak of a routine, when a task can be carried out by a machine, which follows 

formal rules that can be implemented in a computer program. This definition applies to a lot of 

production work, which in fact already has been taken over by machines. Mark, that the divide 

between routine and non-routine jobs, does not coincide with little or much education. Not all jobs 

that require a small amount of education can be computerized. Guiding a car through the traffic, for 

instance, cannot be computerized (yet). In contrast, many tasks that well educated accountants and 

computer programmers carry out can be entrusted to dedicated software.  

The issue that we want to address in this chapter is, what implications such changes in the (future) 

job market have for a foundational mathematics curriculum. We will first look more closely on the 
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changes in the job market under influence of globalization and informatization, and how they 

influence the requirements for future employability in a more general sense. Then we will 

investigate what the implications are for the content of the mathematics curriculum by trying to get 

a handle on what mathematics is required in the modern workplace. Finally we will link these 

(preliminary) findings to ways in which information technology can help achieve those goals. 

 

Jobs of the future 

To answer the question, what capabilities will be important for future employment, we have to look 

at the kind of jobs that will be offering good prospects. These jobs concern non-routine tasks, which 

are tasks that require flexibility, creativity, problem solving skills, and complex communication 

skills. Autor, Levy, and Murnane (2003) refer to examples such as reacting to irregularities, 

improving a production process, or managing people. Empirical research in the US shows that 

employment involving cognitive and manual routine tasks dropped between 1960 and 2000, while 

employment involving analytical and inter-active non-routine tasks has grown in the same period. 

This change especially concerned industries that rapidly automatized their production. Parallel to 

the development in industry, similar changes occurred in other areas where a strong 

computerization took place. This change happened on all levels of education. Jobs with a high 

routine character are disappearing. The jobs of the future are the ones that ask for flexibility, 

creativity, lifelong learning, and social skills. The latter are jobs that require communication skills, 

or face-to-face interaction—such as selling cars or managing people. These changes do not only 

affect the decline or rise specific jobs; existing jobs are changing as well. Secretaries, and bank 

employees for instance have got more complex tasks since word processors and ATM’s have taken 

over the more simple tasks. 

It shows that the effects of computerization and globalization overlap and reinforce each other. 

Routine tasks can easily be outsourced, while information technology enables a quick and easy 

worldwide exchange of information. The latter also makes it possible to outsource business 

services, such as call-centers, or the work of accountants and computer programmers. Another 

effect of globalization is that it forces companies to work as efficient as possible. This requires 

companies to immediately implement computerization and outsourcing when it is economically 

profitable and strengthens the market position of the company. It also demands of the company to 

be on the lookout for opportunities to improve efficiency. As a consequence, working processes 

will have to be adapted continuously. This in turn, puts high demands on the workers, who have to 

have a certain level of general and mathematical literacy to be able to keep up.  

 



Educational change 

Already in 1996, Kenelly pointed at the need for educational change: 

 

Business is a network of word processors and spreadsheets. Engineering and Industry are a 

maze of workstations and automated controls. Our students will have vastly different 

careers and we, the earlier generation, must radically change the way that education 

prepares a significant larger part of the population for information intensive professional 

lives. (Kenelly, 1996, 24) 

 

Since then many reports and books have appeared that point to the need for educational change in 

response to the informatization and globalization of our society. They bear sweeping titles as, ‘The 

Achievement Gap’, or, ‘Rising Above the Gathering Storm’. The gist of these publications is that 

the current education in the US does not prepare students for the competition they are going to face 

in the global economy. Firstly, future employees will have to compete with colleagues in other 

countries with similar skills who work for lower wages. Secondly, the skills that the current and 

future jobs require differ significantly from what even the best education offers. CEO’s of large 

companies stress that they look for employees, ‘who ask the right questions’ (Wagner, 2008). In 

line with the findings of Levy and Murnane (2006) problem solving and communication skills come 

to the fore as what is asked for, while schools focus on standard procedures and conventional skills.  

If we look at these developments from the perspective of mathematics education, it shows that in 

the aforementioned documents much emphasis is put on general skills, while little attention is given 

to the content of the mathematics curriculum. One of the reasons may be that one of the effects of 

computerization is that mathematics becomes invisible. Mathematics is disappearing in black boxes, 

which makes it difficult to get a clear view on what mathematical knowledge is applied at the 

workplace. The mathematics is hidden in completely integrated systems, such as spreadsheets, 

automatics cashiers, and automated production lines. People who use these systems are expected to 

make decisions on the basis of the output of hidden mathematical calculations. Levy en Murnane 

(2006, 19) point to the significance of this development: “Because of computerization, the use of 

abstract models now permeates many jobs and has turned many people into mathematics 

consumers”. They mention the manager of a clothing store who uses a quantitative model to predict 

the future dress demand, and a truck dispatcher who uses a mathematical algorithm to determine 

delivery routes, as examples. They point out that the computerized equipment often does the actual 

calculation is such cases. However, they go on to say, if the decision maker does not understand the 

underlying mathematics, he or she is very vulnerable to serious errors of judgment. If we follow this 

line of reasoning, we may discern two seemingly conflicting tendencies. On the one hand, we 



appear to need less and less mathematics, since various apparatus take over a growing number of 

mathematical tasks. On the other hand, we develop into ‘mathematics consumers’, who become 

increasingly dependant of the quantitative information and mathematical models, which we ought to 

understand.  

This brings us to the central question of this chapter, what are the implications of the increasing 

informatization and globalization of our society for mathematics education? Or more specifically, 

which goals and contents should we aim for if we want to prepare students for the information 

society? In this chapter, the focus is on employability. Firstly, because the impact of 

computerization and globalization appears to be the biggest for the workplace and employability. 

Secondly, because we may assume that what one needs in the workplace will encompass what one 

needs for everyday personal life. In this respect, we will follow Levy en Murnane’s (2006) notion 

of mathematics consumers that ought to understand the mathematical models they base their 

decisions on. We may add to their point of the risk of errors of judgment, the importance of 

innovation—in the light of global competition, and in response to societal problems such as global 

warming. 

 

Techno-mathematical literacy’s 

When trying to relate the goals of mathematics education to the requirements of the workplace, an 

additional complication is that the use of mathematics at the work place is strikingly different from 

conventional mathematics (Hoyles & Noss, 2003; Roth, 2005). To describe this specific kind of 

mathematics, Hoyles and Noss (2003) coined the term ‘techno-mathematical literacy’s’—or TmL’s 

for short. Those TmL’s are defined as idiosyncratic forms of mathematics that are shaped by work-

place practices, tasks, and tools. Acting successfully at the workplace is dependant on a 

combination of mathematical knowledge and contextual knowledge. They identify competencies 

such as, “seeing the need to quantify, identifying and measuring key variables, representing and 

interpreting data” (Bakker, Hoyles, Kent & Noss, 2006, 355-356), and, reasoning about the models, 

“in terms of the key relationships between product “variables” (…) and their effect on “outputs” 

(…)” (Kent, Noss, Hoyles & Bakker, 2007, 80). 

Bakker, Hoyles, Kent en Noss (2006) stress that the role of TmL’s does not simply boil down to 

applying mathematical knowledge. In contrast to mathematical modeling—where contextual 

aspects are considered ‘noise’—contextual knowledge is an essential element since it gives 

meaning to the decisions that are being made. Albeit, neither yields, that conventional mathematics 

is not needed or that common sense would be sufficient. However, students will have to be able to 

flexibly adapt their existing mathematical knowledge or adopt new knowledge. This asks for 

experience with a variety of non-canonical forms of mathematics. We may observe, however, that 



there is a tension between the benefits of canonical forms of mathematics for a longitudinal learning 

process, and the need for exploring varied and informal forms of mathematics to help students 

develop a kind of flexibility that may needed to develop TmL’s. In a similar feign Steen (2001) 

observers that the work place asks for sophisticated use of elementary mathematics, while school 

mathematics focuses at elementary use of sophisticated mathematics. In addition, he observes a bias 

in favor of algebraic formulas as the preferred style of mathematics, instead of graphs, computers 

and the like. In connection to this he advocates, among other things, more emphasis on data analysis 

and geometry. 

 

Quantitative models of reality 

Since computers and computerized appliances universally function as interfaces between users and 

the concrete reality, analyzing what this implies may also shed some light on what mathematics is 

needed in the information society. In relation to this, we may discern the following processes: 

- reality is quantified to make it accessible for computers—as computers only work with 

numbers; 

- these numbers are processed by the computer on basis of models that describe 

interdependencies between variables; 

- the output, which often has some mathematical form, is interpreted. 

Thus in order to understand how a computer deals with reality, one must, 

- have some idea of what quantifying (or measuring) entails; 

- understand at some level, what a variable is, how we can reason about interdependencies 

between variables, and how computer models represent reality; 

- has to be able to interpret the output of computers. 

An important aspect of a measuring is that there will always be some inaccuracy and uncertainty 

involved. In general students do not realize that there will always be some measurement error, or 

that a repeated measurement may result in a different outcome. Nor do they realize that variance is 

part of industrial production, even though they will be aware of the phenomenon of natural variance 

in nature. We would argue that it is important for students to develop this kind of understanding, for 

many of the numbers they will have to work with are often the result of sampling. We may further 

follow Jones (1971) in his observation that measuring an object comprises assigning a value to a 

variable; what is measured is not the object but a property of that object. The significance of this 

observation comes to the fore when we look at co-variation. In such cases we do not compare the 

lengths and weights of Jim, Mary, Pete, for instance, but we study how ‘length’ varies with 

‘weight’. An important aspect in this context is that variables have to be understood dynamically, 

which is closely related with interpreting symbolic representations, such as graphs, dynamically. 



Fortunately information technology offers eminent educational tools to help students to come to 

grips with these ideas. 

 

Information technology and instruction 

A point which is, for instance, made by Kaput (Kaput & Schorr, 2007), who argues that information 

technology allows for new ways to come to grips with what he calls the mathematics of change. 

Modern information technology, he argues, allows for dynamic representations. Computers can 

show the numerical results or graphical representations of measuring activities real time on a 

screen, but also offer representations of simulations that can be manipulated at will. These dynamic 

representations in turn allow for more qualitative ways of reasoning about change, which do not 

require algebraic calculations. This qualitative approach may become an alternative for 

conventional calculus for large groups of students. In this way we may be able to make reasoning 

about variables accessible for those students, for whom the algebraic calculations the calculus 

requires constitute an unsurpassable stumble block. For a select group of students, calculus will of 

course keep its value. But as far as basic education for all students is concerned, this more 

qualitative approach seems to offer unique possibilities.  

Exploratory experiments in the Netherlands showed that mathematics education along those lines 

might already start in primary school (Galen & Gravemeijer, 2008). This can be illustrated with the 

computer game ‘Train Driver’. This game shows a dynamic picture of a rail track, on which a train 

is visualized as a moving red dot (see fig.1).  

The students can speed up or slow down the train with the arrow buttons. The speed of the train is 

shown by the vertical bar below right. As the train moves, the computer produces a crude graph of 

the speed of the train by adding a copy of that small bar every second. Thus each bar in the graph 

signifies a separate measurement and there is a direct connection between the speedometer and the 



graph. This supports the students in reasoning about change in a very direct manner. Observations 

showed that many Grade 5 and 6 students could reason sensibly about acceleration by referring to 

the differences between subsequent bars, and about the relation between speed and distance covered 

by referring to an addition the lengths of the bars. We realize this type of reasoning is still informal 

and qualitative, and that the graph is not a canonical speed-time graph, but what is important here is 

that the students could use this dynamic representation to reason about speed, time and distance in a 

manner that was grounded in the experiential reality created working with the computer game. 

We see this as an example of the mathematics of change Kaput talks about (Kaput & Schorr, 2007). 

It shows how the dynamic representation in which the graph emerges out of instantaneous pictures 

of the ‘speed bar’, supports the students’ reasoning. We would argue that these experiences with the 

train simulation also help student to come to grips with the phenomena speed and acceleration. 

Dynamic representations can of course be used to explore a variety of situations. Design research 

by Gravemeijer & Cobb (2006), for instance, showed that, they could be used for a qualitative 

introduction in exploratory data analysis (see also Bakker & Gravemeijer, 2004).  

 

Conclusion 

In this chapter we investigated the how a foundational mathematics curriculum would have to be 

adapted to the effects that informatization and globalization will have employability. An important 

factor appears to be a distinction between routine and non-routine tasks, as the former will be 

consigned to computers, or handed over to lower-paid workers. We further observed that employees 

exceedingly become mathematics consumers, and we argued they ought to understand the 

mathematics on which they base their decisions. We further touched upon the difference between 

mathematics in school and mathematics at the workplace that may be described as techno-

mathematical literacy’s. We finally concluded that in a foundational mathematics curriculum that 

prepares for the future, next to problem solving and communicating, mathematical contents, such as 

measurement, variability, and reasoning with (models of) relations between variables would be 

important. We closed by indicating how information technology might be employed for these very 

goals. 

 

Notes 

1. The extent to which outsourcing is a significant factor will vary in other countries; we do 

assume however that the transfer of jobs to computers will be a universal phenomenon.  
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