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ARTICLE INFO ABSTRACT

Received: 5 Jul 2022 This article reports on how a pedagogical entrepreneurship approach combined with

Accepted: 19 Aug 2022 fundamental elements of mathematical modelling may be used to strengthen students’
development of mathematical literacy in upper primary school. This is done first through a
review of the relationship between pedagogical entrepreneurship in mathematics,
mathematical modelling, and mathematical literacy, and then through presentation of a best-
practice example where the pedagogical entrepreneurship approach and mathematical
modelling have been the foundation for an assignment given to teacher education students. An
action-research perspective influenced by self-study methodology has been used in
identification and presentation of the best-practice example. The example shows that through
emphasis on mathematical modelling and a scientific approach based on pedagogical
entrepreneurship, we may have expectations towards increase of upper primary school
students’ development of mathematical literacy. In conclusion, key elements in pedagogical
entrepreneurship like authenticity, relevance, and value for others enrich the mathematical
modelling process, and provide valuable stepping-stones for the upper primary school students’
development of mathematical literacy.
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INTRODUCTION

By 2002, attention had been brought to the relation between development of mathematical literacy and
the ability to develop and use mathematical modelling to deal with real-world problems in mathematics
education (Blum, 2002). In a society that increasingly appreciates the ability to apply mathematical
competence when one faces a problem, the development of mathematical literacy through school
mathematics is still required (Haara et al., 2017; Bolstad, 2020; Sfard, 2014). Mathematical literacy was defined
by the OECD in 1999 as

“an individual's capacity to identify and understand the role that mathematics play in the world, to
make well-founded judgements and to use and engage with mathematics in ways that meet the
needs of that individual’s life as a constructive, concerned and reflective citizen” (OECD, 1999, p. 14,
as cited in Blum, 2002).

In 2016, World Economic Forum (WEF) launched a list of 10 human skills likely to become more important
than others in the future (WEF, 2016). The top three skills on this list were complex problem-solving, critical
thinking and creativity (WEF, 2016). National curriculum revisions pay attention to such signals, so that current
and future students may attend schools that prepare them to live and work in our future society (e.g., Bocconi
et al., 2018; OKM, 2018; Skolverket, 2019; UK Department of Education, 2014; Utdanningsdirektoratet, 2020).
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For some time, mathematics education research has focused on relating mathematical literacy to students’
everyday lives (e.g., Bolstad, 2020; Carraher et al., 1986; De Lange, 2003; Freudenthal, 1973; Haara, 2015; Tai
& Lin, 2015). Haara (2018) suggests that one way of combining the development of mathematical literacy and
relevance for students is through pedagogical entrepreneurship. According to Haara et al. (2016), pedagogical
entrepreneurship is action-oriented teaching and learning in a social context, where the student is active in
the learning process and where personal features, abilities, knowledge, and skills provide the foundation and
direction for the learning processes. Such an approach entails the use of teaching methods that give students
authority and activate learning awareness. It requires working methods that improve students’ creative
abilities and beliefs about their own skills, provide a basis for seeing opportunities around them, and motivate
them to become development stakeholders in the community (Haara & Jenssen, 2019). A focus on
entrepreneurial learning, thus, requires priorities regarding both processes and products in school subjects
(Haara & Jenssen, 2016), which in turn means that a learning environment that emphasizes authenticity and
student activity is considered fundamental. Therefore, pedagogical entrepreneurship is based on
constructivist and sociocultural theories of learning (Ree @degard, 2015).

Haara et al. (2017) noted that researchers have concluded that specific attempts to work directly with
mathematical literacy through mathematics alone does not work, and that it seems that teaching for
mathematical literacy calls for something else than traditional mathematics teaching. Haara (2018) showed
that problem-solving features, problem relevance, and student activity are recognized as valuable for the
development of mathematical literacy, and that these could be emphasized through a pedagogical
entrepreneurship approach. Kaplinsky (2020) and Smith and Stein (2018) provide further support for the
influence of creativity and tolerance for ambiguity in school mathematics, through emphasis on problem
solving and teaching based on problem-solving approaches.

However, despite thorough work within the mathematics education research community to put emphasis
on mathematical modelling and unravel how this may be done with young students (e.g., English & Watters,
2005; Gravemeijer, 1999), this remains an issue in need of attention. According to Erbas et al. (2014), a
mathematical model “is used to understand and interpret complex systems in nature” (p. 1622). When
applying a modelling process in the teaching of mathematics, the underlying assumption is that students can
learn fundamental mathematical concepts meaningfully during the modelling process in which they need the
concepts while addressing a real-life problem-solving situation (Lesh & Doerr, 2003). Based on previous
research it seems clear that emphasis on both mathematical literacy and mathematical modelling is better
with a touch of relevance and real-world problem relation than with traditional word problems or quasi-real
problems (Vos, 2018). In addition, Erbas et al. (2014) state that integrating modelling into mathematics
education is important for improving students’ problem-solving competence and analytical thinking abilities,
and they call for more research on the use of modelling at different levels of education and examples of
modelling tasks that can be used by teachers and in teacher education programs.

Haara (2018) used the pedagogical entrepreneurship approach to give two examples of how such
integrated modelling may be applied in students’ development of mathematical literacy in lower secondary
school. The purpose of the article at hand is to respond to the calls made by Blum (2002), Bolstad (2020),
Erbas et al. (2014), and Sfard (2014), and to present and discuss how pedagogical entrepreneurship and
mathematical modelling may be combined to pave the way for the further development of mathematical
literacy in upper primary school. The area of statistics is used as an example to illustrate the possibilities for
such a combined effort, and the research question asked is therefore: How can pedagogical entrepreneurship
and mathematical modelling combine to pave the way for learning statistics in upper primary school? Addressing
this question provides the opportunity to discuss the possibilities for students’ development of mathematical
literacy, with emphasis on pedagogical entrepreneurship and mathematical modelling.

THEORETICAL BACKGROUND

Pedagogical Entrepreneurship

Pedagogical entrepreneurship is quite a new area of interest within research on teaching and learning.
While entrepreneurship education has been well supported (European Commission, 2004; OECD, 2009),
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researchers have only recently started to look at pedagogical entrepreneurship (Haara et al., 2016).
Implementation of pedagogical entrepreneurship in schools has been of significant concern since about 2010
according to EU (European Commission, 2010, 2011, 2013), OECD (2010), and policy documents in several
countries (Lund et al., 2011). In pedagogical entrepreneurship, emphasis is placed on the importance of
discovering resources and opportunities, and on methods to stimulate and develop them in such a way that
one might act innovatively in both future work and social situations. Through such a line of argument, the
school system is encouraged to develop students’ qualifications in a way that provides a foundation for such
acts in the future (Haara & Jenssen, 2019).

According to Haara and Jenssen (2019), the pedagogical entrepreneurship approach has much in common
with other approaches with a long tradition in schools, such as problem-based learning and project work,
which opens for recognition of emphasis on cooperative learning elements such as positive interdependence,
interaction, individual responsibility, appropriate use of social skills and group processing (e.g., Chowdhury,
2021; Johnson & Johnson, 2009). Cooperative learning is here recognized as an educational technique that
uses small groups of students guided by the teacher to benefit their individual and each other’s learning
(Chowdhury, 2021). Furthermore, pedagogical entrepreneurship also has more unique characteristics, such
as prioritizing the ability to see opportunities, working innovatively, and demonstrating some willingness to
take risks (Lackéus, 2015). It can be prioritized in and across subjects, by employing known working methods
and through the development of new ones (Haara & Jenssen, 2016; Sagar, 2014). Itis, therefore, a perspective
for the work in schools that addresses many challenges highlighted both by socio-political stakeholders
(European Commission, 2010, 2013; European Council, 2000) and by research in creativity and education (e.g.,
Dweck, 2006; Sawyer, 2012).

The entrepreneurial approach gives students authority. Their voice and form of expression are
accommodated (Haara & Jenssen, 2019). By applying knowledge, the students experience the value of their
knowledge and the need to learn more. Hence, they develop motivation for change and the ability to change.
The approach also has a motivating effect on the students. In their schooling, they find that their voices are
heard and that they become involved in all aspects of the teaching, that their creativity is strengthened, and
that investigative and scientific approaches are facilitated. Key elements in such processes are that the school
must be open to the outside world, use the resources that are around the school, and apply scientific
approaches (Haara & Jenssen, 2019). This can help to ensure that knowledge is not seen as something that is
isolated to its subject, but as something that creates integrated and rich learning opportunities (Thomson,
2012).

The next level of attention within pedagogical entrepreneurship is about creating values for oneself and
others (Lackéus, 2016). By focusing on this perspective, students comprehend that what they do affects
others. According to Lackéus (2016), this can give the students a sense of achievement and convey a strong
message about the value of the present. Lackéus (2013) makes the point that we become more motivated by
creating value for others in 15 minutes in near future than by creating value for ourselves 15 years from now.
According to Haara and Jenssen (2019), this means that the pedagogical entrepreneurship approach makes it
possible for students to develop skills and mindsets that can turn creative thoughts into action. They sum this
up by emphasizing the facilitation of three key factors: student co-determination, relevance, and trust.

Student co-determination

The student needs to be active in terms of initiating, developing, and performing. Creativity and problem-
solving can be learned (e.g., Kaplinsky, 2020), and Sawyer (2012) points out that the earlier one starts, the
more likely one is to be able to handle such challenges. In other words, entrepreneurial qualities must be
cultivated and nurtured if they are to develop. If a student is to benefit from working in a group, the student
must, over time, be given chances to learn to work in such a way, for instance through cooperative learning
(Johnson & Johnson, 2009). If a student is to see value in working with a scientific approach (investigate, obtain
data, analysis, results, and reflection) and in being able to work at solving problems (analysis, planning,
implementing plans, verifying), the student must be given the opportunity to work with such processes, with
a gradual increase of complexity. Students do not develop their investigative and creative skills by working
with a theme that is reduced to the reproduction of facts, or a problem reduced to an exercise. An
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entrepreneurial approach requires teachers to have the courage to relinquish some control and be open to
investigative and creative working methods.

Relevance

Most things are motivating to work with if one regards the time and energy invested in them to be
meaningful. Emphasis on the importance of co-determination, problem-solving, and the multidisciplinary
approach, which typifies the entrepreneurial working method, can make it easier to see potential applications
of the knowledge (Thomson, 2012; Wiggins, 2012).

Trust

Teachers must see opportunities rather than difficulties. If students are to experience a real sense of co-
determination and relevance, they must know that they have influence, and they must feel that they are
trusted within the framework that has been set out. Trust is not built through constant reminders of a
controlling nature, such as through tests that reproduce facts, but by experiencing that the content one has
chosen to work with, the way in which one has chosen to present or communicate, and the interpretations or
arguments one has, are being taken seriously.

Mathematical Modelling

The field of applications and modelling in mathematics education has retained an important position
within mathematics education research for about 50 years (Blum, 2002, 2015; Erbas et al., 2014; Van Dooren
et al., 2019). About 20 years ago, Blum (2002) stated that “nearly all questions and problems in mathematics
education, that is questions and problems concerning human learning and teaching of mathematics, affect
and are affected by relations between mathematics and the real world” (p. 150-151). According to Van Dooren
et al. (2019), when modelling a problem, the student has to use his/her knowledge of the real world and the
problem at hand to develop an appropriate mathematical model for the situation and to make proper
decisions about which mathematical operations to perform. Lehrer and Schauble (2003) describe a model as
an attempt to construct an analogy between an unfamiliar system and a previously known or familiar system.
Accordingly, people make sense of real-life situations and interpret them by using models. Lehrer and
Schauble (2007) describe this sense-making process as model-based thinking and emphasize its
developmental nature. Blum (2002) emphasizes the relation between mathematical modelling and the
development of mathematical literacy, and he uses the 1999 OECD definition of mathematical literacy (quoted
in the Introduction of this article) to underpin the opportunities that lie in the relations between the real world
and mathematics. According to Blum (2002), emphasis on mathematical modelling in school is central to
students developing mathematical literacy. Although opportunities have been shown, it has proven necessary
to call for more research on how to pave the way for students’ development of mathematical literacy (Bolstad,
2020; Erbas et al., 2014; Haara et al., 2017; Sfard, 2014).

Blum (2015) describes four reasons to use mathematical modelling in teaching: pragmatic, formative,
cultural, and psychological. The pragmatic reason is that, to understand and handle everyday situations,
students need to learn to transform problems into mathematics, and they will not be able to do this on their
own if they only work with mathematics that is not related to such situations. The formative reason is that the
use of modelling develops various competences within mathematics, such as modelling competence and
argumentation competence. The cultural reason is to see the use of mathematics in society, to get an
impression of what mathematics is as a science. Finally, the psychological reason is that examples from
everyday life may evoke students’ interest in mathematics, through the opportunity to structure mathematical
content in a way that makes it easier for them to understand. In modelling, one starts with an everyday
situation, transforms it so that it can be treated with the use of mathematical tools, and then the mathematical
results are interpreted in relation to the everyday situation, which in turn makes the use of mathematical
modelling a tool for use in the development of mathematical literacy.
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Pedagogical Entrepreneurship, Mathematical Modelling, and Mathematical Literacy

Emphasis on mathematical literacy in school mathematics has been stressed for some time (e.g., Colwell
& Enderson, 2016; De Lange, 2003; OECD, 2009, 2013; Sfard, 2014). In short, we find that works from Edo et
al. (2013), Gatabi et al. (2012), and Tai and Lin (2015), for instance, connect mathematical literacy to problem
solving and mathematical modelling. Haara (2018) shows how a pedagogical entrepreneurship approach may
be used in lower secondary school to enhance students’ development of mathematical literacy within calculus
and geometry. In addition, Palmér and Johansson (2018) have investigated how problem solving can be
emphasized through a pedagogical entrepreneurship approach in lower primary school. In the previous
paragraphs, the connection between pedagogical entrepreneurship in mathematics and mathematical
modelling has been derived, and it may be described using Blum's (2015) four reasons to use mathematical
modelling in relation to pedagogical entrepreneurship. The pragmatic reason is the most obvious connection,
because of the aim of understanding and handling everyday situations. Pedagogical entrepreneurship is
based on experiences of relevance and authenticity for students. The formative and the cultural reasons
represent two sides of the same argument for connection to pedagogical entrepreneurship, because students
need to both develop various competences within mathematics and to see the use of mathematics in society,
to fulfil the research-based and problem-solving approach within mathematics through their actions. The
psychological reason is connected to pedagogical entrepreneurship through the requirement for students to
experience, interpret and acknowledge the responses that relevant stakeholders in society give when
checking the viability of the outcomes of the mathematical work the students have done.

METHOD

Research Perspective and Validity

The fact that the author of this article was the lecturer involved in the reported study, places this article
within an action research perspective (e.g., Ulvik et al., 2016), influenced by self-study methodology (Cochran-
Smith & Lytle, 2009; Zeichner, 2007). Within action research, the self-study methodology is a form of
practitioner research. This method asks me as a lecturer to reflect on my practice for the purpose of improving
it and the practice of others (Hamilton et al., 1998). The methodology aims “to understand teaching from the
inside out rather than the outside in and to simultaneously put what is learned into practice” (Loughran, 2004,
p. 154). Self-study is a kind of practice research or investigation of practice (LaBoskey, 2004; Zeichner, 2007).
In the study reported in this article, this involved teacher education students who carried out an assignment
meant for upper primary school students, and they reflected on their own practice as teachers with an aim of
improving their own and others’ practice. Together, we tried to understand the roles both as a student and
as a teacher from the inside and out, rather than from the outside and in (Loughran, 2004). | prepared for a
systematic investigation of practice, based on the teacher education students’ collection of observation data,
aimed towards the role as an upper primary school student and the role as a teacher, respectively, as the
basis for analyzing the thoughts and experiences related to the use of such an activity as an example of how
pedagogical entrepreneurship and mathematical modelling can combine to pave the way for the learning of
statistics in upper primary school. In this article, the choice of methodology served two main purposes:
professional development of the participants (lecturer and students involved), and enhanced understanding
of how emphasis on pedagogical entrepreneurship and mathematical modelling together offer possibilities
for students’ development of mathematical literacy. This perspective was chosen because of the necessity of
analysis related to possible normative effects provided by the study. The methodology was also chosen
because of the proximity | could accomplish as both a lecturer and a researcher in relation to the example.
Hence, to answer the research question in a trustworthy manner and offer mathematics teaching arguments
for a “reframed thinking and transformed practice of the teacher” (LaBoskey, 2004, p. 844), | made it a priority
to be as close as possible to the actual activity, and thereby sacrificed some observational distance on the
altar of relevance. This means that | chose the problem to use in the teaching, tutored student groups,
organized the presentations, and was responsible for the analysis of data. This provided an intended and
appreciated interaction between practice and research focus, with awareness of the possible influence such
a perspective may have on both the actual practice and the theoretical understanding of the practice (Kemmis,
2009).
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The choice of methodology challenged my role as researcher because of the proximity to the production
of data and, therefore, it has been important for me to remain aware of my roles as lecturer and researcher.
Although Kvale and Brinkmann (2015) highlight knowledge about both the field of research and expertise
within the field at hand as prerequisites for viable interpretations, | therefore considered it important to the
project’s overarching self-study-perspective to follow Feldman’'s (2003) criteria for securing validity and
reliability in a self-study-based project:

1. To provide a detailed description of how data were collected and to make explicit what counts as data.
2. To provide detailed descriptions of how the presentation of data was constructed.

3. To include exploration and discussion of other ways to represent the same self-study, as one data set
can lead to a variety of representations.

4. To show why one approach was chosen instead of others.

5. To provide evidence of the value of the changes in mathematics teaching and learning. Self-study is a
moral and political activity. If self-study were to result in a change of mathematics teaching, then there
should be some evidence of its value.

This is done through the next two paragraphs and the section that contains report of results.
Data Collection and Reflections on Impressions from Data

On this occasion, the self-study perspective offered data from two sources: teacher education students’
reports from completing the assignment, and the lecturer's observations. Hence, this is not a regular,
qualitative study primed to provide arguments for the reliability of empirical data. However, the study
provides close contact with actual teaching and learning experiences, as well as research perspectives on
these experiences through the discussion of possibilities and necessities regarding a relationship between
pedagogical entrepreneurship in mathematics, mathematical modelling, and mathematical literacy. The
study, therefore, also contains facets of a case-study perspective (Yin, 2014) through its purpose of developing
understanding of the teaching experiences related to the study and the reliance on data that is difficult to
replicate. The data from the junction will be easy enough to collect again and again, but it would probably be
quite difficult to reproduce qualitative data from teacher education students because of the teacher
education students’ close involvement in both producing and collecting data, and the choice not to film or
audio-record the process. As was the case for Haara (2018), the theme and design of this study required that
the lecturer/researcher be part of the collected data and, thereby, in an unconscious manner, choose the
experiences and impressions that would be subject to analysis. This may seem to be a rather unpredictable
way to work in classroom research, but this is not an article about mathematics teaching and learning seen
from the outside. It is an article about mathematics teaching opportunities experienced from the inside.

Analysis

Blum'’s (2015) four reasons for emphasis on mathematical modelling and the three key factors for a
pedagogical entrepreneurship approach given by Haara and Jenssen (2019) have produced the analytical
framework for the analyses. However, | regard the phenomenological condensation of impressions produced
through the work done by the teacher education students, and my observations related to their work, to be
inspired by the constant comparative analysis method (Glaser, 1965; Strauss & Corbin, 1998). The analyses
were, given these conditions, completed in four phases:

1. Comparing impressions and incidents in categories,
2. Comparing categories and their qualities,

3. Delimiting the interpretation and understanding based on a summary of the categories and their
qualities, and

4. Describing the interpretation and understanding as a basis for discussing the article research question
and highlighting the significance of the presented focus for future mathematics teaching in schools.

The constant comparative analysis takes for granted that there is a continuous flow from phase to phase,
but that all four phases are operational throughout the full analysis process and contribute to the
development of the subsequent phase, until the analysis ends (Glaser, 1965). In this study, it means that new
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types of data continuously contributed to ensuring that the full analysis of the combining of pedagogical
entrepreneurship key-factors and mathematical modelling reasons was further refined through an
interaction between deduction and induction. The task given to the teacher education students was
developed based on the lecturer's analyses of the obvious and possible connections between pedagogical
entrepreneurship, mathematical modelling, and mathematical literacy, and the data produced by the teacher
education students and by the observations of their presentations were added to the four phases of the
constant comparative analysis approach. This means that the data were seen in conjunction with the
previously collected and analyzed literature studies, and with the lecturer’s beliefs and expectations, and that
they both influenced the analysis of these and were themselves influenced by them when they were analyzed
and seen in context with the prevailing interpretation and understanding (Haara, 2018). My own reflections
on impressions from the data are based on three rounds of personal notes related to the three parts of the
project: a first round immediately after the teacher education students had been given the assignment, with
emphasis on organizational-, progress-, and result-based impressions, a second round when the teacher
education student groups began to report informally to me about their data collection, and a third round after
the groups had presented their work to their peer teacher education students and to me.

REPORT OF RESULTS FROM ONE TEACHER EDUCATION STUDENT GROUP

This section first presents the context of the study that was carried out in groups by the teacher education
students, and then illustrates the way one of the groups completed this project, the data that were collected,
and what was emphasized in the student group's considerations during their presentation.

In 2020, an assignment was introduced to two classes of mathematics teacher education students at a
Norwegian teacher education institution. Important for the choice of this assignment was the renewal of the
domestic curriculum (Utdanningsdirektoratet, 2020) with increased emphasis on general features such as
problem solving, creativity, real-life relevance, sustainable development, and being a resource for the
community, with a specific topic within school mathematics (here: statistics) as the starting point. In other
words, the students were given the opportunity to work on a project-based example of how they may work
in the future with their own upper primary school students, to emphasize mathematical literacy through
pedagogical entrepreneurship and mathematical modelling. The goal for the students was two-fold-to carry
out the actual content embedded in the assignment and to look into the organizational concerns that would
be necessary to pay attention to when doing this work with upper primary school students. Through the latter
goal, they were also asked to link project-based examples to the purpose of creating value for others, by being
a resource in the local community and maintaining authenticity.

In Norway, the curriculum focuses on statistics from an early age, with lower primary school students
starting to work on collecting data and presenting them in diagrams. When entering upper primary school
(fifth to seventh grade), the students are also introduced to the calculation of mean values, the sense of
probability, and the use of spreadsheets. In groups of three or four, the teacher education students were
given the following assignment:

You are required to perform a real data collection. This will take place at the traffic junction of [anonymous]
in the period 14.00-16.00 on a regular weekday (within the next week). The group should perform
observations and records concerned with the motorized vehicles passing through the junction. The group
chooses what to focus on, but remember to carefully explain what you record, why this is interesting to record,
and who it might be interesting for. Save the data you collect and document how you recorded it.

Before you complete the data collection, study the two competence goals for statistics for upper primary
level after grade 7 (Utdanningsdirektoratet, 2020) in the national curriculum, to find the statistical areas you
want to focus on with upper primary school students in a project such as this (competence goals quoted from
Utdanningsdirektoratet (2020) here translated into English):

The student should be able to:

1. Explore and use appropriate central goals in own and others' statistical survey.

2. Log, sort, present, and read data in tables and diagrams and justify the choice of presentation.

European Journal of Science and Mathematics Education, 10(4), 555-569 561



Haara

Figure 1. A photo of the traffic junction

Table 1. Real data on motorized vehicles’ behavior at a specific traffic junction in Norway

Time/activity 14.00-14.20 14.20-14.40 14.40-15.00 15.00-15.20 15.20-15.40 15.40-16.00
Turns right at the junction 93 139 164 178 109 87
Turns left at the junction 2 7 3 5 7 1

You have ten hours to complete the project, including planning, data collection, data treatment, facilitating
for presentation, and actual presentation. For the presentation you should also consider, when using this with
an upper primary school class of about 20 students:

1. How the work may be organized, and
2. What practical consequences the students’ results may have, and for whom.

The traffic junction used in the task is unique. At most times of day, the driver can choose to make a right
or a left turn (Figure 1). However, no left turns are allowed between 07.00-09.00 in the morning or between
14.00-16.00 in the afternoon, because there is increased traffic pressure at these times. The students were
instructed to collect their data in the latter period.

The four members of the student group were familiar with the junction used to collect the data, so they
did not have to visit or review the layout before doing their observations. They decided to emphasize
frequency using tables, bar graphs, and mean values from the area of statistics, and to use spreadsheets in
the presentation of data and mathematical results. The main challenge in relation to the competence goals
for the upper primary school was deciding what data to collect and how this could be done by upper primary
school students. The students explained in their presentation that they ruled out a first idea about recording
color, because there could be disagreement about what color a car actually was. They decided to use the
information on the sign at the junction because it offered an obvious dichotomy (right turn/left turn) that
students lower than seventh grade could also manage. They then decided that the two-hour span could be
divided into 20-minute sessions, with a small group of students responsible for each session. In their opinion,
shorter sessions would be less onerous for the students, and having only one small group of students present
at a time (rather than the entire class of about 20 students, as referred to in the assignment brief) would be
easier for both teachers and students to manage. Another argument for reducing the number of students
present was that having 20 students and several teachers in bright yellow safety vests present would probably
influence the traffic environment at the junction, affecting the validity of the data collected, because drivers
would be aware that something unusual was happening.

The student group collected the data shown in Table 1, using two students for each 20-minute session,
where one focused on the right-turning vehicles and the other on left-turning vehicles.

This data could be presented using bar graphs and provided the opportunity to work with mean values of
both large and small numbers. The group presented the numbers as bar graphs (Figure 2 and Figure 3) and
discussed what these numbers might indicate.
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Figure 2. Motorized vehicles turning right between 14.00-16.00
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Figure 3. Motorized vehicles turning left between 14.00-16.00

Figure 2 shows the traffic that turns right between 14.00-16.00, in 20-minute sessions. The numbers
confirm that there is increased traffic pressure at this junction between 14.00-16.00, and that this makes it
reasonable to instruct the traffic movements through this period. The mean number of motorized vehicles
turning right during a 20-minute period is about 128 vehicles, which is a significant amount of traffic for this
particular junction. Allowing drivers, the choice of turning right or left during this time of day would easily jam
the traffic.

Figure 3 shows the traffic that turns left between 14.00-16.00, in 20-minute sessions. The mean number
of motorized vehicles turning left over the two-hour period was just over four, even though turning left was
illegal at this time. The teacher education students calculated the standard deviation and estimated that about
2.5 vehicles turned left illegally during each 20-minute session between 14.00-16.00 at this junction.

The students then presented their views on the practical uses of the results the upper primary school
students would have obtained in such a project, and the possible relevance for others. First, they
acknowledged the decision made by the traffic authorities regarding the traffic instructions for the junction
and argued for this through the use of the bar graphs, showing that traffic pressure peaks from 14.00-16.00,
and that the forced right turn reduces traffic jams at the junction. They argued that this is because they saw
with their own eyes that the consequence when someone ignored the instruction and attempted to make a
left turn at the junction was that the traffic jammed almost every time. Second, they suggested that because
such infringement occur often and disturb the traffic pattern, fines ought to be given. The standard deviation
indicates that if police were covertly present at the junction, they would catch at least two drivers making a
left turn and disturbing the traffic within every 20-minute session! Third, attention to the traffic pattern at this
junction would be of interest to the local newspaper because of the junction’s rather core position in the town.
The teacher education students, therefore, concluded that a report made by seventh-grade students, in which
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they gathered data and structured, presented, and calculated results using statistics, and interpreted the
results, comparing them with what goes on at the junction, would be of interest to the traffic authorities, the
police, and the general public. To hand over such a report to representatives of the traffic authorities, the
police, and the local newspaper, would be an example of how upper primary school students can experience
that they are a resource in their local community and that what they do and learn in school may have
relevance outside school and create value for others.

DISCUSSION

Through the given assignment, a conservative acquisition-based perspective on how to organize
mathematics teaching was challenged (Cobb, 2007; Sfard, 1998). Darling-Hammond and McLaughlin (2011)
note that competence may develop in what can be called informal work-based learning arenas, rather than
in organized courses. However, the adaptation of impressions where the connections between theory and
practice are reflected upon is necessary (Krawec & Montague, 2014). The teacher education students’ learning
was embedded in professional development opportunities within learning communities (Wenger, 1998), in
which the participants cooperatively learn from and with each other (Johnson & Johnson, 2009).

Almost 20 years ago, Blum (2002, p. 152) made the following statement in relation to the teaching and
learning of mathematical modelling:

As we have seen, this topic not only deals with most of the essential aspects of the teaching and
learning of mathematics at large, but it also touches upon a wide variety of versions of the real
world outside mathematics that one seeks to model. Perceived in that way, the topic of applications
and modelling may appear to encompass all of mathematics education plus a lot more. Itis evident,
therefore, that we have to find a way to conceptualize the topic so as to reduce the complexity to a
meaningful and tractable level.

The learning through pedagogical entrepreneurship in mathematics challenges the more traditional,
acquisition-based teaching processes, and might just be what Blum called for in mathematics education, both
in regard to conceptualizing mathematical modelling and students’ development of mathematical literacy.
Through inductive, participative processes, the goal in pedagogical entrepreneurship is to reach beyond
simply reproducing the curriculum. The challenge is to have students become more involved in their own
professional development, and this is achieved through student co-determination in choices regarding
content, approaches and priorities, relevance of assignments and projects, and the students’ experience of
the teacher’s trust in them in various phases of an assignment or project. In other words, this is the way we
want students to look upon the power of mathematical modelling. In the reported study, the teacher
education students show how the representation of Blum’s (2015) four reasons for using mathematical
modelling, seen in relation to pedagogical entrepreneurship, is present in the work on learning statistics
related to the data collection at the traffic junction, and thereby add to the body of knowledge about how one
can emphasize mathematical modelling with young students (e.g., English & Watters, 2005; Gravemeijer,
1999). The pragmatic reason is present in the use of an everyday situation that creates some challenges in
society. The junction is often jammed; why does this happen? What can be done? The formative and cultural
reasons are present in the students’ need to learn new mathematical content within statistics, and to use this
in data collection and the analysis of data they have collected. What is relevant data? Why is it relevant? How
can we present data in a way that is valuable for others? Hence, the research approach becomes visible. Young
students work on research questions and viable methods for collecting and handling data, because the results
and conclusions might be of interest and value to others. Finally, the psychological reason is found in the
students' interpretation of the analyses they have performed on the data from the junction, how it is brought
back to the real world for a viability check, and the responses that they experience from others, when they
deliver their report to stakeholders in the local society, such as the local newspaper, traffic authorities, and
police.

Learning through an approach that activates students’ interests and resources, and underpins the ability
to see opportunities, take initiatives, and organize targeted work, demands that the teacher is open to creative
initiatives and provides viable frames. The opportunities for such orchestration are rich, and the teacher must
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guide and support the students in their work, but not deprive them of the opportunity to be creative, strive,
and make decisions. This is part of the students’ self-regulation development (Haara, 2018). The combination
of problem solving, authenticity, mathematical modelling, and student activity paves the way for students to
develop action competence in mathematics. This will enhance their experience with everyday life
mathematics and, thus, strengthen their mathematical literacy. The junction assignment provides only one
such opportunity. Other possibilities may be, for instance, recording of driving and parking right outside the
school before and after the school-day starts and ends, or the collection, category coding, and reporting on
garbage at a particular area near the school. The students and teachers need to find scenarios that students
find relevant to work with and that may have value for others.

Simultaneously, there will be expectations about the students’ ability to handle such challenges as the
junction task provides, both with regard to mathematical content and the exploitation of autonomous frames
provided by a pedagogical entrepreneurship approach. Pedagogical entrepreneurship as a learning strategy
may appear to be demanding for students who are familiar and content with traditional teaching. This may
lead to conflicts, for instance when the teacher makes priorities that are not necessarily coherent with the
school curriculum or when the student is not offered suggestions for the solution of a problem. Research has
shown that students find the latter challenging, because their previous experiences with mathematical
exercises usually include comparison with a set answer, and mathematics teachers tend to reduce problems
to exercises through their desire to help (Kaplinsky, 2020; Smith & Stein, 2018). The pedagogical
entrepreneurship approach represents an alternative way to learn, and the teacher must, therefore, be aware
that the traditional instructor becomes more and more replaced by the supervisor and co-researcher. This
means that it is not possible to ignore teachers’ views about learning mathematics and their opinions of what
may be the best approach when emphasizing a process-based learning strategy in the teaching of
mathematics. This raises questions about whether mathematics is mainly about calculation rules and
algorithmic thinking, or whether it is also about creative thinking, making assumptions, and the consequences
of assumptions made. The answer is two-fold, but if mathematical modelling and mathematical literacy is to
stand a chance in school mathematics, students must be allowed to try, to fail with a purpose and an
acknowledgment of the importance of this failure, and to fail again and again, but to fail in a better way each
time. The viability check provided by bringing the results of mathematical modelling back to real-life, and
experiencing relevance and value for others, might just be the acknowledgement a young student needs to
experience the power of mathematical modelling and scientific rigor, and to develop inner motivation for
problem solving, creation, and creativity in mathematics-or in short, to become mathematically literate.

CONCLUSIONS

In this article, | have reported how a pedagogical entrepreneurship approach combined with fundamental
elements of mathematical modelling may be used to strengthen students’ development of mathematical
literacy in upper primary school. This has called for a review of the relationship between pedagogical
entrepreneurship in mathematics, mathematical modelling, and mathematical literacy. It involved
identification of elements from pedagogical entrepreneurship and their relation to mathematical modelling,
and the presentation of a best practice example in which the pedagogical entrepreneurship approach and
mathematical modelling have been used. The conclusion is that through emphasis on mathematical
modelling and a scientific approach based on pedagogical entrepreneurship, we may have expectations
towards increase of upper primary school students’ development of mathematical literacy. Problem solving
and scientific rigor are key in both mathematical modelling and pedagogical entrepreneurship, and the idea
behind each of these is to interpret one’s results and apply them in real-world practice. Therefore, key
elements in pedagogical entrepreneurship like authenticity, relevance, and value for others enrich the
mathematical modelling process, and provide valuable stepping-stones for the upper primary school
students’ development of mathematical literacy. The reported study shows that it is possible to plan for the
learning of scientific approaches, data collection, mathematical modelling, and value for others, while learning
statistics, in upper primary school. This planning needs to be based on the acknowledgement of compulsory
school students as a resource when they are in school. They do not have to wait until they have finished school
but can help move society forward while they learn mathematics and how to work scientifically. The
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development of mathematical literacy occurs through an emphasis on relevance, which is identified as the
application of mathematical modelling and real-life viability checks of mathematical work, and through
providing value for others, which is identified as the application of pedagogical entrepreneurship in
mathematics for local sustainability and development.

The reported attempt to show that it is possible to teach for development of mathematical literacy through
joint emphasis on a pedagogical entrepreneurship approach and mathematical modelling in mathematics
teaching opens for further research. Longitudinal studies that aim to measure success and learning effects of
such teaching priorities will add valuable knowledge to the field, opening for both quantitative and qualitative
approaches to be represented. In addition, small scale projects based on design-based-research approaches
(e.g.. Anderson & Shattuck, 2012) developed together with mathematics teachers in school, will provide
qualitative data that will also add to the body of knowledge about how one may succeed in teaching for young
students’ development of mathematical literacy.
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