
Vol.:(0123456789)

Mathematics Education Research Journal
https://doi.org/10.1007/s13394-021-00386-7

1 3

ORIGINAL ARTICLE

Lower secondary students’ encounters with mathematical 
literacy

Oda Heidi Bolstad1

Received: 11 December 2020 / Revised: 26 April 2021 / Accepted: 10 May 2021 
© The Author(s) 2021

Abstract
Worldwide, there has been an increased emphasis on enabling students to recognise 
the real-world significance of mathematics. Mathematical literacy is a notion used 
to define the competencies required to meet the demands of life in modern society. 
In this article, students’ encounters with mathematical literacy are investigated. The 
data comprises interviews with 22 students and observations of 16 mathematics les-
sons in three grade 9 classes in Norway. The analysis shows that students’ encoun-
ters with mathematical literacy concern specific mathematical topics and contexts 
from personal and work life. Students’ encounters with ML in school is charac-
terised by an emphasis on developing mathematical knowledge within the school 
context.

Keywords Mathematical literacy · Numeracy · The theory of objectification · 
Mathematics education

Introduction

One goal of schooling is for students to acquire knowledge and competences that 
meet the needs of modern society. Mathematical literacy (ML) is a notion used to 
define the body of knowledge and competences required to meet the mathematical 
demands of personal and social life and to participate in society as informed, reflec-
tive and contributing citizens (Geiger et al., 2015). ML has many related concepts, 
such as numeracy and quantitative literacy. While the term numeracy is more com-
mon in the UK, Australia and New Zealand, quantitative literacy and ML are used in  
the USA (Geiger et al., 2015). Some use these notions synonymously while others 
distinguish between them. The meaning of numeracy varies from the acquisition of 
basic arithmetic skills through to richer interpretations related to problem-solving 
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in real-life contexts (Geiger et  al., 2015). Quantitative literacy is associated with  
the requirements connected to the increasing influence of digital technology in soci-
ety and the forms of thinking and reasoning related to problem-solving in the real 
world (Steen, 2001). Other perspectives, such as critical mathematical numeracy 
(e.g. Frankenstein, 2010), mathemacy (e.g. Skovsmose, 2011) and matheracy (e.g. 
D’Ambrosio, 2007), are concerned with competences for challenging social injus-
tices and for working to promote a more equitable and democratic society. Although 
these notions do not share the same meaning, their definitions share common fea-
tures in that they stress awareness of the usefulness of, and ability to use, mathemat-
ics in different contexts (Niss & Jablonka, 2014). Typically, they do not discrimi-
nate between contexts from employment and everyday life, but the main orientation 
appears to be toward everyday life and citizenship (Gravemeijer et al., 2017). In this 
article, ML is conceptualised in a broad way, composed of the others.

ML is one of the educational competencies emphasised by the Organisation for 
Economic Cooperation and Development (OECD). Curriculum documents around 
the world have been restructured to include this competence (Stacey & Turner, 
2015). For instance, in Norway, ML is one of five basic competences to be devel-
oped across school subjects. The Norwegian curriculum describes ML as.

applying mathematics in different situations. Being numerate1 means to be  
able to reason and use mathematical concepts, procedures, facts and tools 
to solve problems and to describe, explain and predict what will happen. It 
involves recognizing numeracy in different contexts, asking questions related 
to mathematics, choosing relevant methods to solve problems and interpreting 
validity and effect of the results. Furthermore, it involves being able to back-
track to make new choices. Numeracy includes communicating and arguing 
for choices by interpreting context and working on a problem until it is solved.

Numeracy is necessary to arrive at an informed opinion about civic and social 
issues. Furthermore, it is equally important for personal development and the 
ability to make appropriate decisions in work and everyday life. (The Norwe-
gian Directorate for Education & Training, 2012)

The current worldwide emphasis on ML is based on the recognition that many 
students are completing compulsory education without the mathematical skills 
required in life and work, and that formal mathematics alone is not helping them 
meet these demands (Liljedahl, 2015). In several places (e.g. Popovic & Lederman, 
2015; Vos, 2018), students’ view of mathematics is described as detached from real-
ity, and the most frequently asked question in mathematics classrooms is “When 
will we ever use this?”.

Students’ perception of mathematics as detached from reality can influence their 
views of the purpose of mathematics. Some researchers discuss the purposes of 

1 In the English translation of the Norwegian curriculum, the word numeracy is used. However, the 
PISA framework (OECD 2012) has influenced the description of this competence, and resemblances can 
be found between the two descriptions. Therefore, in the Norwegian context, and for the purpose of this 
article, the two notions are taken to mean the same.
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mathematics education, but few research studies are concerned with the purpose of 
mathematics from the students’ perspective (Nosrati & Andrews, 2017). Students 
can contribute with valuable insider perspectives on mathematics education, and 
there is a need for more research concerning the issue. Such research must also con-
sider the environments in which students learn (Mellin-Olsen, 1981). Situations may 
occur where students are unable to place the learning situation in any other con-
text than that of school. In such cases, years of mathematics studies may seem to 
have unclear purposes. Therefore, research needs to consider the nature of students’ 
learning processes, i.e. in terms of teaching, tasks, culture and society.

This article reports from a study that investigates students’ mathematics learn-
ing regarding connections between mathematics and real life. The aim is to inves-
tigate how mathematics classroom activities are connected to students’ perception 
of the contexts in which they need mathematics and their encounters with ML. The 
research question addressed is:

What are the characteristics of students’ encounters with mathematical literacy?

Students’ learning processes are viewed as situated within social, historical and 
cultural forms of thinking and doing. Therefore, the study is framed within a cul-
tural-historical theory of mathematics teaching and learning. The theoretical per-
spectives are presented in the following section.

Theoretical Perspectives

The Theory of Objectification

From the works of Vygotsky and Leont’ev, Luis Radford has developed the theory 
of objectification (TO). TO focuses on how students and teachers produce knowl-
edge against the backdrop of history and culture, and on how they co-produce them-
selves as subjects in general and subjects in education in particular.

The TO is inscribed within an understanding of mathematics education as a 
political, societal, historical, and cultural endeavor. Such an endeavor aims at 
the dialectic creation of reflexive and ethical subjects who critically position 
themselves in historically and culturally constituted mathematical practices, 
and ponder and deliberate on new possibilities of action and thinking. (Radford, 
2016)

In TO, knowledge involves potentiality and actuality (Radford, 2015). Potenti-
ality means general and abstract interpretations or actions resulting from cultural 
and historical ways of thinking and doing, for example, general knowledge about 
doing calculations. Actuality means that these general interpretations and actions 
are actualised through something concrete and noticeable, for example, doing a spe-
cific calculation. Therefore, in TO, knowledge is not something one possesses but 
rather something one encounters.
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Learning happens when the general interpretations are actualised and, in this way, 
becomes part of the individual’s consciousness. That is, when, through doing the 
specific calculation, the individual encounters and becomes aware of the general 
knowledge about doing calculations. The process of recognising such encounters 
with knowledge is what Radford terms processes of objectification2 (Radford, 2015).

The process of subjectification is closely connected to processes of objectification 
(Radford, 2016). As the individual becomes more knowledgeable, s/he also changes 
and develops as a person. Therefore, we are learning because we are becoming, and 
we are becoming because we are learning. In the research reported here, developing 
ML is considered as both learning and becoming.

Mathematical literacy

Merrilyn Goos has developed a model designed to capture the richness of current 
definitions of ML and related concepts (see e.g. Goos et al., 2014). The model has 
been used in professional development programmes as a tool to plan ML teaching. It 
is developed and used in the Australian context, but there are several reasons for its 
relevance in a Norwegian context. First, in Australia, numeracy has been interpreted 
in a broad sense similar to the OECD definition of ML (Goos et al., 2010). Second, 
there are similarities between the Norwegian and Australian curricula concerning 
the Norwegian basic skills and the Australian general capabilities. In both curricula, 
numeracy is considered a competence to be developed in all subjects, as well as in 
mathematics specifically. Both countries conduct national tests to assess students’ 
numeracy level. Third, a cluster analysis of the cognitive items in ML from PISA 
2003 suggests that the Nordic countries’ profiles strongly relate to the profiles of five 
of the six English-speaking countries participating in PISA (Olsen, 2006). Australia 
is one of these five countries. Hence, it is reasonable to use the model in the Norwe-
gian context.

The ML model represents the multifaceted nature of ML and involves five inter-
related elements: contexts, mathematical knowledge, tools, dispositions, and critical 
orientation. The model is presented in Fig. 1.

Contexts are placed at the centre of the model because ML concerns the abil-
ity to use mathematics in contexts. Goos et al. (2014) highlight three contexts in 
which ML is important; personal and social life, work-life and citizenship. Per-
sonal and social contexts arise from daily life with the perspective of the indi-
vidual being central, involving, for instance, personal finance and participation 
in different leisure activities. Work contexts arise from professional life. People 
use mathematics in their work, but what they do and how they do it may not 
be predictable from considerations of general mathematical methods (Noss 
et  al.,  2000). Occupations have specific requirements and tasks related to dif-
ferent kinds of mathematical knowledge, such as financial transactions or drug 

2 In the theory of objectification, the notions objectification and subjectification have specific meanings. 
It is important to note that the same notions have different meanings when used in other discourses, such 
as Sfard (2008).



1 3

Lower secondary students’ encounters with mathematical…

administration. Citizenship concerns societal contexts arising from being a citi-
zen, local, national or global. Every major public issue depends on different types 
of data, for instance, in understanding a voting system or international economics.

Mathematical knowledge is composed of knowledge of mathematical concepts, 
procedures, and facts, and using these in problem-solving strategies and estima-
tions to describe, explain and predict. Hence, a part of being mathematically lit-
erate involves formal mathematical knowledge and means being able to perform 
calculations and use procedures and algorithms successfully (Steen et al., 2007).

Tools can be physical items (e.g. measuring instruments or concretes), think-
ing tools (e.g. different forms of representations such as graphs and algebraic 
expressions), communicative tools (e.g. language, text, and speech) and digital 
tools (a calculator or computer software). Tools can enable and shape mathemati-
cal thinking. They are used for some purpose in order to achieve something (Roth 
& Radford, 2011).

Developing ML requires positive dispositions toward using mathematics and 
an appreciation of mathematics and its benefits (Jablonka, 2003). Positive dispo-
sitions involve willingness and confidence to engage with mathematics. Figur-
ing out how to solve problems occurring in everyday life requires one to think 
flexibly about mathematics and adapt the methods and procedures to the current 
context (De Lange, 2003; Schoenfeld, 2001). Therefore, the competence to think 
creatively is an important part of life and ML. It involves both taking the risk of 
not succeeding and the initiative to try different approaches.

Citizenship

Personal and social Work

Contexts

ToolsDispositions

Mathematical knowledge

Critical orientation

Confidence

Flexibility

Initiative

Risk

Problem solving

Estimation

Concepts

Skills

Representational

Physical

Digital

Fig. 1  A model of ML (Goos et al., 2010)
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All the elements are grounded in a critical orientation. ML is about recognising 
the power and risk when issues are expressed numerically and to critically consider 
the contexts, mathematical knowledge and tools involved. Mathematically literate 
individuals recognise the role mathematics plays in culture and society, for example, 
how mathematical information and practices can be used to persuade, manipulate, 
disadvantage or shape opinions about social or political issues (Jablonka, 2003). 
Hence, they know and can use efficient methods and evaluate the results obtained 
(Goos et al., 2014).

Teaching and learning mathematics in contexts

Although teachers recognise the contextual and applied aspect of ML (Genc & Erbas, 
2019), they count a wide range of practices as real-world connections (Gainsburg, 
2008). Teachers make such connections frequently, but the connections are brief 
and do not require any thinking from the students. Therefore, Gainsburg claims that 
teachers’ main goal is to impart mathematical concepts and skills, and the develop-
ment of students’ competence and disposition to recognise applications and solve real 
problems is of lower priority. Wijaya et al. (2015) argue that to create opportunities 
for students to learn to solve contextualised tasks, teachers can ask the students to 
paraphrase the problem, encourage them to identify the relevant mathematical proce-
dures and verify the reasonableness of the solution.

It is usually expected that students are more interested in contextualised prob-
lems. Andersson et  al. (2015) report that students experience meaningfulness and 
engagement when mathematics is related to societal issues and that their engage-
ment in mathematics learning is influenced by experiences related to the task, situ-
ation, school organisation and the socio-political. However, if the particular context 
is of low interest, students are more interested in solving problems without real-life 
connections (Rellensmann & Schukajlow, 2017). Therefore, various aspects of the 
context need to be considered. Authentic contexts do not necessarily involve authen-
tic questions that people in the real context would pose or authentic methods that 
people in the real context would use. For an aspect in education to be considered as 
authentic, it requires an out-of-school origin and a certification of provenance either 
physically or by an expert (Vos, 2018). This means that authenticity should be made 
explicit to the students. Also, there are different views in the mathematics educa-
tion community regarding what counts as real. For instance, in realistic mathematics 
education (RME), a fantasy world can be a suitable context as long as it is real in the 
student’s mind and students can engage productively with mathematics when it is 
explored in imaginative settings (Nicol & Crespo, 2005).

Hence, students’ predispositions to transfer mathematics learning in school to 
real-life situations are complex and varied because contexts are part of an interaction 
between students’ experiences, goals and perceptions of the mathematical environ-
ment (Boaler, 1993). Students’ view of mathematics as a school activity and not as 
a way to make sense of the world creates a dichotomy between everyday mathemat-
ics and school mathematics in the sense that formal learning fails to benefit from 
the intuitive knowledge students bring to the classroom, and students are unable 
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to generalise their mathematical knowledge to situations outside school (Hunter 
et al., 1993). As teachers’ ideas for making real-world connections come from their 
own experiences (Gainsburg, 2008), their understanding of how to apply mathemat-
ics in real-world contexts is important for providing students with the learning expe-
riences necessary to adapt the knowledge they learn in school to the outside world 
(Popovic & Lederman, 2015).

Method

Participants and procedures

Data were generated in three schools in Western Norway. I refer to the schools as 
A, B and C. The schools’ total number of students on roll range from 220 to 370 
and all three schools teach grades 1 through 10. The three schools cooperate with 
the author’s former university teacher education programme and were therefore 
recruited for convenience.

I contacted the school leaders, and they recruited teachers and their respective 
classes. Criteria for selection of classes were that they were grade 9 (students aged 
14–15  years) and that they agreed to participate. I needed consent from both the 
students and their parents. All parties involved received written information explain-
ing my interest in studying teaching concerning concepts in policy documents. To 
ensure informed consent, I attended meetings with the teachers, the students, and the 
parents.

Methods for data generation are interviews and lesson observations. The number 
of participants involved from each school is displayed in Table 1.

I instructed the teachers to plan and conduct the teaching as they would nor-
mally as I was interested to observe, as far as possible, regular mathematics les-
sons. Therefore, I was not involved in decisions regarding the mathematical topics 
taught, or the activities worked with in the lessons. In schools A and B, all lessons 
concerned the topic equations. In school C, the first two lessons concerned equations 
and the rest concerned percentages. The lessons varied in length from 45 to 90 min. 

Table 1  Overview of generated 
data and the number of 
participants involved

ªIn school C, the class was divided into two groups according to 
which students had consented to participate in the research. There 
were 28 students in total in the class.

Number of 
observed lessons

Number of stu-
dents interviewed

Number of 
students in the 
class

School A 6 8 14
School B 5 7 28
School C 5 7 18ª
Total 16 22 60
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I was a non-participant observer and did not intervene in the lessons, other than by 
being present.

Individual semi-structured interviews were conducted with 22 students. To inves-
tigate students’ encounters with ML, I asked questions about what mathematical 
knowledge they need and in which contexts they need it. Also, I asked questions 
about what their parents or other people they know use mathematics for. The belief 
was that by thinking of someone they know, students would have a starting point 
for further reflection about the use of mathematics in the real world. I developed an 
interview guide with questions and topics I wanted them to reflect upon but without 
a predetermined sequence. Each interview lasted about 15 to 20 min. The interviews 
were recorded and transcribed.

To capture the classroom activity from the students’ perspective, I video recorded 
16 mathematics lessons using head-mounted cameras. For each lesson, three dif-
ferent students wore head cameras, recording the classroom activity. Head cameras 
enabled me to capture the participants’ visual fields, get more in-depth insight onto 
the direction and timing of participant attention and document participant actions. 
They also provided me with valuable insight into students’ conversations, the tasks 
and students’ written accounts and their attention toward the blackboard (or else-
where), all in one recording.

Process of analysis

The interviews and lesson recordings were loaded into the computer-assisted qualita-
tive data analysis software NVivo. Interviews were transcribed verbatim. To get an 
overview of the interview data, I constructed tables based on the students’ replies to 
the questions. The frequency of students’ examples of different occupations, every-
day situations and mathematical topics was recorded. As students’ encounters with 
ML were the topic of study, the interviews and the lesson observations were closely 
studied and analysed according to the elements of ML. The operationalisations of the 
elements of ML in the lesson observations and interviews are presented in Table 2.

Findings

In the following, I present the findings from the observed lessons and the findings 
from the interviews.

Lessons

Most of the tasks in the observed lessons on equations are strictly mathematical and 
do not involve contexts. However, the students work on a few word problems with 
contexts from personal and social life. These tasks contain inauthentic questions and 
solutions methods. An example is the following task from school B, lesson 2:

In a pasture, the length is three times the breadth. The perimeter is 240 meters. 
What is the area of the pasture?
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First, a farmer is unlikely to express the length and breadth of a pasture in 
terms of an unknown. Second, to find the length and breadth, s/he would go 
out and measure it. Authentic aspects are not critically discussed in the lessons. 
Therefore, the tasks do not demonstrate the role mathematics plays in the world. 
Also, the teachers do not give any certification of contexts where equations are 
used, even though the students request it. The following excerpt suggests that the 
students do not see when they would use equations in life outside school, and the 
teacher cannot provide them with one.

Teacher: I remember what you said to me then (in the previous chapter on 
algebra). “When will we use this?”, you said when we worked with all those 
expressions.
Student: To use it in the next chapter, that was not what we meant. We meant 
in life. (School B, lesson 2)

The lessons on percentages in school C all contain task contexts from personal 
and social life, aimed at showing the use of percentages in the real world. However, 
these tasks are also traditional word problems and contain inauthentic aspects. Still, 

Table 2  Operationalisations of ML elements

ML elements Lessons Interviews

Context Do tasks involve contexts from 
personal and social life, work-life 
or citizenship? Are applications of 
mathematics in different contexts dis-
cussed? Are authentic aspects of the 
tasks and certifications discussed?

Do students describe different contexts 
where mathematics is or can be useful? 
What characterises these contexts?

Mathematical 
knowledge

Which concepts and procedures are 
worked with, and how? Are various 
methods explained and discussed? 
Are concepts and representations 
connected? Are solutions justified?

Do students describe mathematical topics, 
concepts, procedures, and methods that 
they or others use or might use?

Tools Are digital tools, representations and 
models used to solve or model prob-
lems? How?

Do students connect using tools to doing 
mathematics in context? Do students 
view tools as a mediator of thought?

Dispositions Are students engaged in tasks and 
discussions? Do they show curiosity, 
interest and confidence by engaging 
in investigations and discussions? 
How does the teacher motivate and 
encourage?

What are the students’ views of math-
ematics? Do students see the benefits of 
mathematical knowledge? Do students 
see themselves as mathematics learners 
and users?

Critical orientation Are the students involved in dis-
cussing, questioning, explaining, 
evaluating, and validating methods 
and solutions? Is mathematical 
information used to make decisions 
and judgements, add support to argu-
ments and challenge an argument or 
position?

Do students recognise the role mathemat-
ics plays in society in general, as a tool 
to understand, inform, and make judge-
ments? Do students provide examples 
of situations where they have used, 
or might use, mathematics to make 
informed decisions and judgements, or 
critically evaluate others’?
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in the lessons, the teacher provides some certifications by referring to contexts in 
real life where knowing percentages are useful. For example, she talks about how 
some stores advertise discount in terms of money while others use per cent. It is, 
therefore, useful to calculate percentage in order to evaluate which is the better buy. 
She also talks about her own experiences when shopping at sales and states:

Teacher: There are many things that you learn in mathematics where you 
ask me “What do we need this for?” But I know from experience that this 
will be very useful for you later.

The observed lessons involve great emphasis on developing mathematical knowl-
edge. Conceptual understanding and procedural fluency are emphasised in the sense 
that students spend most of the time practising the procedures demonstrated on the 
chalkboard. The procedures concern how to solve linear and quadratic equations, 
equations with fractions, how to test their solutions, inequalities and word problems. 
All the observed lessons are organised in similar ways with the teacher demonstrat-
ing or explaining a concept or technique on the chalkboard, followed by students 
working with textbook tasks. Some tasks are solved either by students or by the 
teacher on the chalkboard. The questions and answers concern carrying out the cor-
rect procedure and finding the correct number and do not involve critical discussions 
about concepts, relationships or alternative solution methods. However, it can be 
argued that testing a solution is a way of critically evaluating the answer.

The students frequently use calculators to perform calculations. On a few occa-
sions, the teachers use and encourage students to use representational tools. For 
example, teacher A draws a number line to represent the solution of an inequality, 
and students are encouraged to make drawings to represent the problems and to 
mediate their thinking. Also, teacher B emphasises language as an important part 
of thinking and often tells the students to discuss the methods and strategies with 
each other or oneself.

Both peer-work and comments about the real-world significance of mathemati-
cal knowledge are ways to motivate and engage the students. Also, the teachers 
try to foster students’ positive dispositions and engagement in the tasks through 
praise and supportive feedback on their work. The tasks worked with do not invite 
students to be creative and inquire. The students display great varieties in terms 
of emotions and engagement. Some work concentrated on the tasks throughout 
the lessons, while others are distracted and unfocused. Some express feelings of 
enjoyment, while others express dislike.

In terms of critical orientation, there is a lack of critical discussion, justifica-
tion and evaluation of methods, solutions, concepts and contexts in which they 
are used. Although methods are the topic of whole-class and peer-group talk, it 
is, to a large extent, up to the individual to make the critical judgements in is 
own mind. There is no collective focus on engaging in critical discussions. The 
goal is to find the correct number, and the contexts (and numbers) are not given 
any further attention. However, three episodes from the classroom may, to some 
degree, be related to critical orientation. Two episodes come from the lessons 
on percentages in school C. One concerns Black Friday sales and evaluating a 
purchase. The teacher talks about a webpage comparing prices and displaying the 
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price history of different commodities. The second comes from a previous lesson 
in social sciences where they compared local taxes in neighbouring municipali-
ties and discussed reasons for the large differences. The third comes from school 
B and concerns equations. The teacher provides the students with a list of points 
to help them structure word problems and instructs them to read the task care-
fully, and to look for information not relevant for solving the task:

1. Read the task carefully
2. Find out what they are asking for
3. Find the best point of departure (who/what do know the least about?)
4. Form the equation
5. Check if the equation makes sense
6. Solve the equation to find the unknown
7. See if you have the answer to the task

This list is easily transformed into a general strategy for solving problems and 
for addressing issues connected to critical orientation such as using mathemat-
ics to support an argument. However, the focus is on the equations, and the list’s 
potential for developing critical orientation is not fulfilled. A common feature in 
all three examples is that they are all led by the teachers and do not involve any 
student action.

Interviews

In the interviews, the students mentioned 11 different examples of situations from 
daily life involving mathematical knowledge. In total, there were 45 examples, as 
some students mentioned the same situations. There were 32 different examples of 
occupations involving mathematics and a total of 84. The students also connected 
different mathematical topics and knowledge to everyday and occupational situa-
tions. Table 3 shows the number of times different mathematical topics were con-
nected to contexts in everyday life or occupations.

In the interviews, students gave examples of the mathematical knowledge they, 
their parents or others need in everyday life. Their responses concerned the topics 
geometry, money and finances, calculations and counting (arithmetic), percentages, 
measurements, fractions and equations and algebra. The students were unsure about 
the need for equations. Some students commented that some occupations might 
require equation solving, but they could not provide an example of what they need 
equations for. Two students also mentioned digital tools (spreadsheets) as relevant 
in some occupations. In the interviews, students only commented on specific math-
ematical topics and did not talk about problem-solving strategies or mathematical 
skills, except doing mental calculations.

The students connected specific mathematical knowledge and tools to specific 
contexts. They reflected on situations in which they, their parents or someone they 
know need to formulate, represent and solve a mathematical problem. The con-
texts in the students’ examples concern personal and social life and work life. The 
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students commented that mathematics is necessary to manage personal finances, i.e. 
to pay bills, plan what to spend money on, and “At the store, if I am buying several 
things, to calculate how much it costs” (Student in school B). Mathematics is also 
required when cooking, planning a journey or redecorating the house. For example, 
a student in school C commented: “Not long ago, I wanted to buy a new desk, and 
then I had to measure my room to find out if it would fit or not”. The students relate 
mathematical knowledge to performing basic procedures aimed at producing a spe-
cific number. Some students relate mathematics to school. For example, a student 
in school A said: “I use it for homework and stuff, of course. And here.” Relating 
to progression in upper secondary school, another student in school A said: “You 
have to learn in mathematics to get further.” This could indicate that students see 
mathematics as relevant for their further education in terms of admission to schools 
and further studies. Also, they spend a big part of their day in school and therefore 
connected their use of mathematics in everyday life to school. On the other hand, it 
may display a view of mathematics as something detached from life outside school.

From contexts in work life, students referred to different occupations and exam-
ples of mathematics needed by professionals in their work. Carpenters need knowl-
edge about mathematics in order to build houses correctly, for example, find the area 
of the rooms or “to measure how long that plank has to be” (Student in school B). 
Shop assistants need to do mental arithmetic and percentages to calculate prices 
and sums of commodities. The students also commented that doctors and nurses 
use mathematics for calculations so that the patients get the right medicine dosage. 
Leaders and economists need mathematics to deal with budgets, salaries and pur-
chases. The students believed that mathematics is needed in most occupations. No 
one was able to give examples of occupations where mathematics is not needed. 
However, they believed that some occupations require more mathematics than oth-
ers, or as a student in school C stated, “It is smart to know maths either way”.

The students did not give any examples of mathematics used in contexts concern-
ing citizenship or societal issues, which suggests that they have not had sufficient 
encounters with ML in such contexts. Societal issues are important in the develop-
ment of ethical and reflective subjects. The contexts students mention are contexts 
that are certified, either by parents or relatives or by their own experiences.

The fact that all students were able to give examples of how mathematics is 
used in the real world suggests that they, at least to some extent, appreciate the role 

Table 3  Mathematical topics in 
everyday life

Mathematical topic Everyday Occupations

Geometry (area, length) 14 23
Money and finances 3 8
Calculations and counting (mental arith-

metic, the four arithmetic operations)
23 21

Measurements (time, weight, volume) 27 12
Percentages 7 3
Equations and algebra 0 5
Fractions 1 1



1 3

Lower secondary students’ encounters with mathematical…

mathematics plays in the world and as such hold positive dispositions toward math-
ematics. Some students express that mathematics is difficult and that they do not 
think they use it often. Still, they acknowledge that there may be situations where 
they are involved in mathematical activity without reflecting upon it. One can argue 
that in such situations, they use mathematics that they have encountered several 
times and have become part of them. On the other hand, it might be that the math-
ematics involved has not yet become part of their consciousness.

The interviews contain little evidence of a critical orientation. Although students can 
recognise some of the role mathematics plays in specific contexts, they do not comment 
on how mathematics is used to form an argument or justify a position. Students have a 
narrow view of mathematics as numbers, calculations (the four arithmetic operations) 
and a way to find solutions. A few students relate these solutions to problems in everyday 
life, such as shopping and cooking. Mathematics is related to practising procedures and 
performing calculations, and not as a way to make sense of the world.

Discussion

In ML, context is the central element, but from the observed lessons and interviews, 
formal mathematical knowledge seems to be central. Although teachers believe that 
they are making mathematics relevant to the students by offering contextualised 
tasks, they may be reinforcing students’ narrow view of the subject and ML by only 
considering the importance of the mathematical topic and not the significance or 
authenticity of the contexts and tasks and their potential to teach about the context 
(Gainsburg, 2008). There is a lack of certifications and critical discussions about 
context, mathematical knowledge and tools in the lessons. This may contribute to 
the narrow view of mathematics displayed in the interviews.

Some points in the list provided by teacher B can be related to Wijaya et al.’s (2015) 
framework for teaching practice supportive for students’ opportunities to solve contextu-
alised tasks. However, the list involves specific references to using equations, which do 
not encourage students to explore various procedures to solve the problem. It may support 
a view of mathematical problems as having only one approach and one solution (Vos, 
2018). Also, the list is used for solving traditional word problems where there is, in fact, a 
preferred procedure and a fixed solution. If presented in a general way, the list might help 
students develop strategies for solving all kinds of problems in which they initially do not 
know how to solve, and in that way might contribute to developing students’ ML.

According to TO, mathematics education is a cultural, political and societal 
endeavor (Radford, 2016). Nosrati and Andrews (2017) express disappointment in 
that the students in their study did not see mathematics as a cultural artefact or as 
an education for citizenship. From the observed lessons reported here, such views 
of mathematics could not be expected. Research has shown that teachers struggle 
to implement authentic and meaningful contexts and activities involving citizen-
ship (Goos et al., 2014). This seems to be the case in the observed lessons as well. 
Therefore, if the students have not encountered citizenship and cultural issues in the 
mathematics classroom, how can we expect them to be part of their consciousness 
(Radford, 2015)? The interviews show that although students are conscious of the 
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use of mathematics in several contexts, this consciousness is confined to very basic 
mathematical operations performed in word-problem–like contexts. This resonates 
with the findings of Nosrati and Andrews (2017). If these findings are prevailing in 
other classrooms as well, we are currently not preparing students for the demands of 
the twenty-first-century workplace and world (Gravemeijer et al., 2017).

Manifestations of mathematical illiteracy are prevalent in society, for example, in 
terms of mathematical errors in newspapers (De Lange, 2003). Either the content of 
mathematics learned in school is not making citizens mathematically literate or the 
structural design of teaching practices is not helping students make connections to real-
life situations. From the results reported here, I argue that the problem lies with the 
teaching practices. Although ML has been considered a basic competence in Norway 
since 2006, and problem-solving and real-world connections even longer, it appears that 
teaching is still following the findings of Wijaya et al. (2015), where teachers mainly 
used a direct instructional approach and reflected a mechanistic view of school mathe-
matics as pure mathematics and context-based tasks as plain word problems. If teaching 
practice fails to involve students in posing and answering questions, making inquiries 
and solving open-ended problems, students will continue to view mathematics only as 
a school activity, and the contexts to which students relate the use of mathematics will 
continue to be limited to basic everyday activities. The social justification of mathemat-
ics depends on its potential use in real-life situations. For individuals to develop their 
ML learning and becoming, they need to encounter the use of mathematics in real-life 
situations a sufficient number of times, and the situations need to be significant to the 
students. According to Mellin-Olsen (1981), “the determination of this ‘sufficient num-
ber’ and of the significant situations is, of course, the difficult crux of our problem, 
where we have to focus our energies when preparing practice”. As students still hold 
the view of mathematics as detached from the reality outside school, and teaching still 
supports this view, it seems like this crux is just as challenging 40 years later.

Not every mathematical topic that students learn in school has an apparent applica-
tion in their daily lives. The application of equations and algebra seems to be particu-
larly challenging to demonstrate. Equations may, therefore, not be the best-suited topic 
of study when investigating students’ encounters with ML. However, this was the topic 
at the time of my visits. On the other hand, the issues arising from the analysis have a 
didactical dimension that goes beyond the specific mathematical topic. In abstract math-
ematical topics, such as equation solving, there are opportunities to engage in the mathe-
matical tasks in ways that are aligned to an education focused on ML. Such opportunities 
could be taken, for example, by focusing on developing positive dispositions, the use of 
different tools, and developing a critical orientation toward the procedures and answers. 
Further research should focus on how teaching can provide students with encounters of 
mathematics in real life to support their objectification of ML, for example through tasks 
involving learning about both context and mathematical topic, such as mathematical 
modelling tasks (Steen et al., 2007; Vos, 2018). Research on how a critical orientation 
can be implemented in teaching in all school levels is of great importance.

In this study, ML is framed within the perspective of TO. The tasks and examples 
in the observed lessons and interviews are actualisations of the potential knowledge 
of ML. The teachers’ and students’ thoughts and actions are a result of cultural and 
historical ways of thinking and doing. Such cultural and historical ways of thinking 
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and doing characterise students’ encounters with ML. These encounters concern 
developing mathematical knowledge for personal advancement (Nosrati & Andrews, 
2017) instead of becoming ethical and reflexive subjects in the world (Radford, 
2016), and they are also results of our history and culture. I believe that interpreting 
ML in terms of TO can provide a new perspective on how ML can be understood 
and developed. This perspective should be further explored.
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