€Y Routledge

g Taylor &Francis Group

Early Child Development and Care

ISSN: 0300-4430 (Print) 1476-8275 (Online) Journal homepage: http://www.tandfonline.com/loi/gecd20

Transgressing personal foregrounds through the
learning of mathematics

Barbara Pieronkiewicz & Monika Szczygiet

To cite this article: Barbara Pieronkiewicz & Monika Szczygiet (2017): Transgressing personal
foregrounds through the learning of mathematics, Early Child Development and Care, DOI:
10.1080/03004430.2017.1415894

To link to this article: https://doi.org/10.1080/03004430.2017.1415894

ﬁ Published online: 15 Dec 2017.

\g
CJ/ Submit your article to this journal &

||I| Article views: 11

A
h View related articles &'

@ View Crossmark data &'

CrossMark

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalinformation?journalCode=gecd20

(Download by: [37.47.77.62] Date: 11 January 2018, At: 00:17 )



http://www.tandfonline.com/action/journalInformation?journalCode=gecd20
http://www.tandfonline.com/loi/gecd20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/03004430.2017.1415894
https://doi.org/10.1080/03004430.2017.1415894
http://www.tandfonline.com/action/authorSubmission?journalCode=gecd20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=gecd20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/03004430.2017.1415894
http://www.tandfonline.com/doi/mlt/10.1080/03004430.2017.1415894
http://crossmark.crossref.org/dialog/?doi=10.1080/03004430.2017.1415894&domain=pdf&date_stamp=2017-12-15
http://crossmark.crossref.org/dialog/?doi=10.1080/03004430.2017.1415894&domain=pdf&date_stamp=2017-12-15

Downloaded by [37.47.77.62] at 00:17 11 January 2018

Routledge

Taylor & Francis Group

‘ W) Check for updates

Transgressing personal foregrounds through the learning of
mathematics

EARLY CHILD DEVELOPMENT AND CARE, 2017
https://doi.org/10.1080/03004430.2017.1415894

39031LN0Y

Barbara Pieronkiewicz ©? and Monika Szczygiet

®Institute of Mathematics, Pedagogical University of Cracow, Cracow, Poland; PDepartment of Psychology,
Pedagogical University of Cracow, Cracow, Poland

ABSTRACT ARTICLE HISTORY
According to humanistic psychology, human beings have the potential to Received 31 August 2017
shape and change their lives. People are self-determining creatures Accepted 7 December 2017
capable of making decisions about what their existence will be like and

who they will become. We interpret this specifically human feature as an F ; .

. P 4 . oreground; mathematics

empowerment to design one’s _Ilfe and also to influence constructive education; transgressions in
changes in the world. Such a view of the human nature can facilitate education; problem-solving
teachers’ efforts in shaping children’s abilities to cope with difficulties
and foster positive beliefs regarding self-esteem, self-efficacy and control
over not only mathematical problems. We analyse personal foregrounds
keeping in mind that our backgrounds unquestionably affect our future.
Moreover, we show that from the early years of schooling, mathematical
education can provide students with opportunities to transgress their
personal foregrounds. Finally, we postulate that mathematical education
may serve as a means for changing one’s life.

KEYWORDS

Introduction

In this article, we scrutinize the notion of a person'’s foreground understood, according to Skovsmose
(2005), as ‘the opportunities, which the social, political and cultural situation provides for this person’
(p. 6). We argue that one’s foreground can and should be shaped, transformed and transgressed by
means of education and postulate that this process would begin at the early years of schooling. We
particularly highlight the potential impact that mathematics education can have on person’s fore-
grounding. We choose to focus on mathematics because it unquestionably permeates everyone’s
life and plays an important role throughout the lifespan. All over the world, mathematics instruction
is an integral part of school curricula, starting from the stage of kindergarten education up to (at least)
the mandatory secondary level. Furthermore, many fields of study, as well as different kinds of pro-
fessions, require some mastery in mathematics. It is assumed that by learning mathematics, which
begins with early experiences, young people obtain some general and specific knowledge, skills
and competencies that enable them to become successful adults, confident when using math at
work and in their daily lives. It is important to note, however, that these educational goals are
based on the conviction that the skills trained at school are being transferred to the life of a
person. Thus, the learning of mathematics, which takes place throughout most of the stages of edu-
cation, is oriented not only towards upgrading and broadening one’s mathematical skills, but also
towards generalizing some mathematics-laden competencies to various domains of human life.
Now, we argue that one of the most important competencies that can be transferred from the
school setting into the domain of real life is that of problem-solving. In the last decades problem-
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solving has earned a place in the overall educational goals, attracting especially the careful attention
of mathematics and science educators. The problem-solving competency is usually defined as ‘an
individual’s capacity to engage in cognitive processing to understand and resolve problem situations
where a method of solution is not immediately obvious. It includes the willingness to engage with
such situations in order to achieve one’s potential as a constructive and reflective citizen’ (OECD,
2013, p. 122). In this article, we would like to discuss a very specific, contextualized understanding
of the above definition. We see the overcoming of one’s foregrounds that limit and hinder the devel-
opment of one’s potential as an example of real-life problem-solving. We argue that the skills and
attitudes necessary for a successful dealing with such problems and handling the impasses which
inevitably occur, can and should be intentionally shaped from the very beginnings of mathematical
education.

We start with bringing closer one of the core concepts of this article, i.e. that of foregrounds, with a
particular emphasis on the notion of a ruined foreground. Then we present two psychological
approaches we find to be important perspectives on the human being, worth to be reminded and
reconsidered by contemporary educators, namely the transgressive concept of [hulman [being] for-
mulated by Jézef Kozielecki and logotherapy proposed by Viktor Frankl. Next, we stress some factors
already recognized as standing in the way of the realization of students’ potential which deprive
them of their dreams and hopes. We discuss the educational objectives, emphasizing the objectives
of mathematical education, and argue that one of the most important goals for educators is to enable
students to strive for their dreams and transgress their ruined foregrounds. Finally, we state that this
mission can be accomplished especially by means of mathematical education. Given that our stu-
dents can learn mathematics for the purpose of transgressing their personal foregrounds, we need
to pay much more attention and make the necessary efforts to provide them from the early years
of schooling with a transgressively oriented teaching of this subject, which is the final conclusion
of our article.

Foregrounds

Since the term ‘foregrounds’ may evoke misleading associations, we want to make a clear connection
between our understanding and use of this term and the work of Ole Skovsmose (2005, 2012, 2014).
According to this author, a person’s foreground can be defined as ‘the opportunities, which the social,
political and cultural situation provides for this person’ (Skovsmose, 2005, p. 6). In Skovsmose’s words:
‘Being born into a certain context makes available a configuration of life opportunities, defined
through statistical parameters that signify expectations about length of life, quality of schooling, afflu-
ence or poverty, etc.’ (2014, p. 5). A foreground is thus a complex structure of external parameters
(e.g. life conditions, economic status, length of schooling) combined with subjective factors (e.g.
expectations, tendencies, possibilities, hopes), which greatly influence intentional decisions that indi-
vidual make while choosing their way of personal development and life direction. Foreground
includes one’s dreams and hopes, but it may also contain a lot of uncertainty, especially when a
person finds certain dreams barely reachable. Foreground is best described as a process (Skovsmose,
2014). Since it depends on the external conditions and opportunities, as much as on the internal
interpretations of what is possible and to what extent a person has control over life circumstances,
it may change over time. When people find their dreams unattainable, they may decide not to fight
for them and redirect their attention toward something that seems to be within their reach. In such a
case, Skovsmose (2014) speaks about ruined foregrounds which may be one of the most important
learning obstacles and reasons for students’ failure at school.

We extend this understanding by taking a three-fold perspective on foregrounds. Firstly, we
understand ‘foregrounds’ as a general landscape that is shaped by the aforementioned agents,
and this understanding is in line with the definition we recalled. Secondly, we think of a foreground
as a horizon line that changes with every step one makes toward it. Wherever we are, there always
exists some horizon line we can see in front of us. The third understanding refers to one’s foregrounds
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as a personal reality consisting of a sequence of steps one takes and decisions one makes in particular
‘in the moment’ situations. The first understanding may best estimate the feelings and impressions of
individuals who are submerged into their life reality. The latter analogies highlight the fact that one’s
foreground, being out of one’s reach, may seem to remain a quite remote perspective, yet, at the
same time, it is being created and shaped with every single step one makes. This, again, reflects
Skovsmose’s understanding of foregrounds as a process. From this perspective we could describe
foregrounds as something that at the same time continuously ‘is’, and discretely ‘is happening’ in
the moment.

We argue that it is important to raise the awareness of teachers about the role they play in shaping
students’ foregrounds and connect this quite new concept with both the theoretical background tea-
chers have and the school practice that is part of their daily experience.

Human nature from the perspective of the transgressive concept of human beings
and logotherapy

During vocational preparation, prospective teachers of mathematics take a few courses on pedagogy
and psychology of education. All the numerous theories of the teaching and learning they are intro-
duced to are driven by some philosophical principles. The learned theories together with the inner,
personal conceptions held by the teachers strongly influence their priorities, teaching style and the
decisions they make in the classroom. Since the belief structures of teachers have already been
addressed by many authors, here we only want to emphasize the importance of one of the
‘hidden variables’ (Leder, Pehkonen, & Torner, 2006), which is a component of that structure,
namely the teacher’s premises about the nature of a human being. Even if teachers before entering
the classroom are not necessarily aware of some of the assumptions they may have, these assump-
tions are working anyway. For example: teachers who believe that their humanities students can
never do mathematics at an advanced level will not encourage them to look for more complicated
and complex problems. Instead, they may be telling the students not to expect too much from them-
selves. Moreover, such teachers may apply a very narrow, one-dimensional framework when inter-
preting the behaviour of their students. What happens in the classroom often serves the teachers
only to confirm their prior beliefs: the difficulties and shortcomings of the students come from the
fact that they are not, and will never become, ‘math persons’. Beliefs of this kind, if held by a
teacher, are never just that teacher’s problem. They infect the whole classroom environment and
affect the self-perceptions of students. Such teachers unwittingly ruin not only the mathematical
foregrounds of their students, because having fixed intelligence mindsets, they divide people into
math and non-math groups. Even more damaging to the students is that the teachers do not
believe they could ever change.

The human nature has been intriguing researchers for many decades. To describe all of the
attempts that have been made thus far in order to understand its phenomenon is beyond the
scope of this article. Here, we focus our attention on the contributions of two psychologists that
we find particularly enriching and relevant for understanding the nature of the human being.
Some psychological theories emphasize the role that childhood experiences play in shaping our
adult life. It is believed that unconscious processes originating from early childhood memories can,
at least partially, account for our current emotions, attitudes and beliefs. Our backgrounds unques-
tionably affect our future. It would be, however, far too much to say that they determine who we
become. It is especially so in the context of the transgressive concept of human being, which
offers a dynamic and empowering view of a person. The term transgression had been defined in
different contexts (e.g. geology and genetics) long before a Polish psychologist Jozef Kozielecki
brought it into the psychological ground. In geology transgression means the spreading of the sea
over land; in genetics it denotes a peculiar case of heterosis — the increase in different characters
of the hybrids over those of their parents. Kozielecki (1987) uses this term in the context of psychol-
ogy to speak about overcoming physical, social or symbolic boundaries. According to this author, to
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transgress means to intentionally exceed some boundaries or the limitations of one’s current state.
The notion of homo transgressivus introduced by Kozielecki (1997) encapsulates the author’s
vision of human beings who are self-directed, expansive creatures capable of intentionally crossing
the boundaries of what they are and what they own, to become who they might be, and to obtain
what they might possess. Although environmental and social factors affect the life of homo transgres-
sivus, they do not determine it. Kozielecki states that it is not true that people always take only pro-
tective actions and try to maintain the status quo. Sometimes they do just the opposite: they
intentionally seek for an arousal that would disrupt the equilibrium and challenge their sense of
security. Transgressive actions are purposeful behaviours ‘of every kind whose outcomes go
beyond the boundaries of past accomplishments and lead to change’ (Kozielecki, 1989, p. 45).
Such actions are usually driven by a heterostatic motivation, governed by the principle of growth.
Adopting this view of the human nature to the educational ground, we no longer see students as
completely determined by their life circumstances, prior experiences or achievements. Neither
broken backgrounds, nor ruined foregrounds can deprive students of this particularly human capa-
bility of transgressing obstacles that they have to face on the way toward their life fulfilment. Theor-
etically speaking, personal transgressions are within the reach of every person. Not everyone,
however, undertakes transgressive actions in order to improve their life situation and solve existential
problems. We regard a transgressive orientation toward life as a multidimensional quality that is
formed and shaped from the earliest childhood by external social, educational and cultural con-
ditions, as well as internal, individual properties influencing the way people interpret what
happens in their lives. People acquire such an orientation in a lingering process. We claim that a
large part of the responsibility for inculcating such qualities remains at the educational level. And
since solving problems lies at the heart of mathematics, we believe that mathematics teachers are
specially predisposed to carry out this mission. Owing to the fact that they can create such a rich
learning environment wherein students may undergo many successful personal transgressions, we
expect at least some of the life lessons learned in the course of such experiences to be transferred
and applied to other domains of students’ lives.

According to Viktor Frankl, every human being has a multidimensional nature. The author empha-
sizes the existence of three dimensions that play an important role in human life: somatic (physical),
psychological and noetic (spiritual). He claims that no truth can be found about human if the search
of it is restricted to only one of these dimensions. Similarly to Kozielecki, Frankl also challenges the
deterministic views of the human nature popularized by behaviour and psychodynamic theories. In
Frankl’s (1985) words:

[Hulman is not fully conditioned and determined but rather he [or she] determines himself [or herself] whether he
[or she] gives in to conditions or stands up to them. In other words, [hulman [being] is self-determining. [Hulman
does not simply exist but always decides what his [or her] existence will be, what he [or she] will become in the
next moment. (p. 154)

Being free to construct their own characters, people are responsible for who they become. Thus, what
matters most are not their current features or instincts, but rather their attitudes and the way in which
they approach life circumstances. Reflecting on who they are, human beings are capable of question-
ing themselves and evaluating and judging their own decisions. Logotherapy proposed by Frankl is a
psychotherapeutic approach based on the premise that all humans have free will and, being motiv-
ated by the will to meaning, they seek the meaning of life. Referring to Nietzsche’s dictum ‘He who
has a why to live can bear almost any how’, Frankl adopts a future-oriented perspective, believing
that the human will to meaning always has the last word: regardless of the external conditions,
meaning, values and rays of hope can always be found in one’s life. However, it is ‘only when we redir-
ect our focus from self-interest to something bigger than and beyond ourselves [that we] can experi-
ence meaning in life’ (Wong, 2014, p. 158). Now, adopting this perspective to the educational ground,
we argue that since the lower dimensions distinguished by Frankl are intertwined within a multidi-
mensional complex nature of the human being as such, it is impossible to act on any of them, without
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affecting the whole structure. For many years it is the school environment that significantly affects
the process of ‘becoming a person’. Thus, it is important for educators to know that whatever kind
of cognitive, affective or behavioural experiences they provide their students with on the physical
and psychological level, they will surely leave some imprints on the noetic level, too. And since
this inter-dimensional exchange is always taking place within a structure, whether we focus on it
or not, our students could greatly benefit if we began addressing noetic issues purposefully and expli-
citly in the classroom. For example, a deeper reflection on a mathematical problem that has just been
solved in the class, can create an outstanding opportunity to link mathematical activity with issues
that go beyond the scope of mathematics. The teachers may ask the students some questions regard-
ing the correctness of the obtained solution, the existence of some other ways of solving the
problem, but they can also go further. A reflection on a problem that appears to have more than
one possible solution is a good starting point to note that also in the case of real-life problems
there might be more than just one way of dealing with them. And only those who make the first
step and then go further will ultimately solve the problem. It is important to ask students what
keeps them from making the first or further steps, what they have learned from solving a particular
problem, and finally, what they have learned about themselves while solving it. Students who find
value in seeing such a connection between mathematics and their personal development may
become accustomed to the process of going back and forth between mathematical problems and
real-life situations. This new habit of mind may contribute greatly to the transferring of what students
have learned in the classroom — about who they are, how they react when facing a problem, and what
strategies of solving problems they have discovered to be effective — into real life situations,
especially when they are about to face some serious problems.

There is no doubt that ruined foregrounds are one of the most difficult existential problems of
humankind. They are burning issues people should deal with, yet at the same time, when trying
to face them, they too easily give up and lose hope. Adopting the perspective of the transgressive
concept of human and being profoundly convinced that especially mathematical education can
be used as the means toward multidimensional personal development, we argue that by frequently
repeated valuing it is possible to instil in students a habit of transgressing the obstacles and challen-
ging the limitations they encounter. If we expect such an orientation to permeate the human way of
being, it should seep through one’s various experiences and be inculcated from early childhood. To
get a deeper understanding of what the individuals’ ruined foreground could mean, we shall now
elaborate on the factors that make some life dreams and hopes unattainable to them.

The landscape of ruined foregrounds

Among the mathematics-related factors potentially contributing to the ruining of students’ fore-
grounds, it is important to mention external factors, like the social status of the scientific discipline
of mathematics, and the social perception of mathematics — the school subject, the socio-economic
status of a student’s family and the educational level of one’s parents, as well as some personal
agents, with the crucial role of a student’s self-esteem, self-efficacy and sense of being in control
over one’s life experiences.

Undoubtedly, since governments and policies often put mathematics in the position of a step-
ping-stone to further stages of education (e.g. Vinner, 2013), mathematical knowledge and skills
are the means for better educational and job opportunities. Martin (1986, p. 13) recognizes school
mathematics to be ‘the principal filter of the education system’. Given that students are labelled as
‘maths’ or ‘non-maths’, even at the early stages of their school career, mathematics is considered a
great factor contributing to school and academic failure. Moreover, as noted by Volmink (1994):

Mathematics is not only an impenetrable mystery to many, but has also, more than any other subject, been cast in
the role as an ‘objective’ judge, in order to decide who in the society ‘can’ and who ‘cannot’. It therefore serves as
the gate keeper to participation in the decision making processes of society. To deny some access to participation
in mathematics is then also to determine, a priori, who will move ahead and who will stay behind. (pp. 51-52)
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Although selections seem to be an inherent part of the educational system rather than mathematics
and thus are not something that mathematics should or could be blamed for, it inevitably contributes
to the often negative perception of mathematics in society. Negative emotions it evokes, which lead
to the disease of mathophobia (also known as math anxiety), preclude the development of the poten-
tial of many students.

Since the publication of the Coleman Report (1966), socio-economic status has been considered
an important factor shaping and explaining the differences in the educational attainment of stu-
dents. Economic status is a factor that differentiates children already at the beginning of school
education and explains the differences in tests better than school grades (Gajda, 2015; Sackett,
Kuncel, Arneson, Cooper, & Waters, 2009). Variables describing the financial situation of the
family, like the material and home resources (e.g. car, phone, computer, household appliances)
are also a relatively strong predictor of mathematical skills. The weakest effect was observed for
the index of cultural capital, but it was still significant (e.g. the number of books in the house;
Kaczan & Rycielski, 2013). The Faure Report (1972) highlighted the existence of a close relationship
between socio-cultural handicaps and parental behaviour, including attitudes linked to social
environment as well as personal factors. Educational differences among students with various
socio-economic backgrounds tend to deepen with age (Caro, McDonald, & Willms, 2009;
Condron, 2007) and have a long-lasting impact on the educational attainment and the position
in the labour market (Alexander, Entwisle, & Olson, 2007; Kerckhoff, Raudenbush, & Glennie,
2001). The gap among children can be observed very early: pre-school children from families
with low socio-economic status already perform worse on mathematical tasks than their middle-
class peers (Jordan, Huttenlocher, & Levine, 1994). Such children use less adequate strategies
when coping with difficult situations, such as solving mathematical problems (Jordan, Kaplan,
Ramineni, & Locuniak, 2009). It shows how significant impact life conditions and economic
status have on the level of children education.

As can be seen, school successes of children depend much on their living conditions. Having
poor life perspectives means having a difficult educational and life start. On the other hand,
however, a socio-economic success depends largely on the level of mathematical achievements.
Good mathematical education is a source of numerous benefits to individuals, such as the acqui-
sition of logical and critical thinking skills which strengthen their social position. Many researchers
point out that high mathematical skills have a large impact on achieving success in life (Rivera-
Batiz, 1992). It also influences the choice of health care (Reyna, Nelson, Han, & Dieckmann,
2009), as well as retirement decisions and is correlated with salary (Dougherty, 2003). Poor math-
ematical achievements have a negative impact on employment opportunities, even to a greater
extent than reading difficulties (Bynner & Parsons, 1997). There is evidence that mathematical illit-
eracy is associated with significant costs which the whole society has to bear (Report of the Organ-
ization for Economic Co-operation and Development, 2010). It is well known that it is hard to
change the public system generally, but there are indications enabling us to conclude that
perhaps it is possible to improve the living conditions within the society by raising the educational
level of its members.

Among different measures of family resources, the educational level of parents is the strongest
predictor of children’s school achievements. The educational level of parents and the economic
and cultural capital of the family are more closely related to mathematical skills than reading or
writing (Kaczan & Rycielski, 2013). A higher family status also affects parental decisions regarding
child education planning. Wealthy parents care more than the less affluent ones about choosing a
school that will assure their child better educational outcomes in the future. As a result, students
born in families with a high socio-economic status usually go to better schools and ultimately
receive better educational opportunities, even if their achievements at the initial stage of education
are not outstanding (Dolata & Jarnutowska, 2012). Also, well-educated parents are aware of the
importance of education, so it is not surprising that their aspirations play a significant role in influen-
cing the achievements of their children. Such parents have positive attitudes toward education and
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they engage more closely in the upbringing of their children and help them do their homework.
Home environment consists of different motivational variables, but parental involvement is con-
sidered the most important. The attitudes of children towards mathematics depend on the
general home environment and math attitudes of their parents (Soni & Kumari, 2015). As shown
by Jackson (2008), negative emotions related to mathematics can be transferred to children via
the beliefs of their parents. Adults’ false beliefs about mathematics and the nature of the learning
of mathematics negatively influence mathematical attitudes and achievements of children. Some stu-
dents, for instance, believe that mathematical aptitudes are inborn, thus in order to be good in math-
ematics one needs to have a special talent or predisposition toward it (see also: Kloosterman & Stage,
1992). Such beliefs cannot be formed in a child by themselves. They are absorbed from the socio-cul-
tural messages in the process of acculturation.

The early years of school education are the most vulnerable time for learning mathematics. The
very first experience of mathematics forms the foundations for a future development of mathemat-
ical cognitive skills and affective orientation toward mathematics. Children who do not have pro-
blems with mathematics at the beginning of their education often develop their skills and affects
normally over time, whereas kids who had mathematical difficulties at the beginning, are getting
worse with time (Ramani & Siegler, 2011). If not resolved at the early years of education, mathemat-
ics-related difficulties, both of the cognitive and affective nature, deepen in the course of education.
Mathematical failures negatively affect the self-assessment of one’s mathematical abilities. This leads
to a decrease in motivation - students who experience learning problems tend to avoid mathematics
(Hadfield & Lillibridge, 1991).

Recurring failures and avoidance also affect the self-esteem of individuals (Widfield, Eccles,
Mac Iver, Reuman, & Midgely, 1991). Children who cannot solve math problems, compare them-
selves with their successful colleagues. Sometimes it is also the teacher who inadvertently causes
a lot of harm by making comparisons in the classroom. The sense of being ‘not good enough’ to
succeed is easily generalized by children. Oftentimes, they come to believe that they will be per-
manently performing worse than others. A commonly held belief, widely spread in the society,
that high mathematical achievements are the direct indicators of the level of intelligence,
gives rise to inferiority complexes. Children with a fixed mindset who feel stupid or less intelli-
gent, activate various defence mechanisms in order to protect themselves from the occurring
tension and uneasiness they can barely handle. They will then tend to avoid mathematical
activity, hesitate to speak out loud during the lesson so as not to be in the spotlight of their
peers’ attention, and pretend that they know how to do math problems. Students who are con-
vinced that they are not capable of achieving certain goals (e.g. solving certain kind of math pro-
blems), easily refrain from making further efforts. Low self-efficacy finally deepens and
consolidates the educational difficulties and is a strong predictor of mathematics performance,
even stronger than math anxiety or previous math experiences (Ayotola & Adedeji, 2009;
Pajares & Graham, 1999). Numerous educational failures, especially when taking place at a very
early stage, can shape children’s beliefs regarding the control they have over their mathematical
achievements. Due to the fact that mathematics has a very high social status, failures in this field
cause a lot of damage to one’s self-image. Since this is a very vulnerable area, beliefs formed in
relation to mathematics spread over one’s whole life. In particular, the feeling of not being in
control in the field of mathematics may turn into the feeling of not being in control of one’s
life experiences.

The above set of mathematics-related factors shows clearly that students’ foregrounds, under-
stood as life opportunities, may be ruined because of the social status and elite approach toward
mathematics; social, economical, cultural and educational backgrounds which stand in one’s way
toward the development of mathematical competencies, and negative experiences of learning math-
ematics, which widely infect one’s self-image. Ruined foregrounds as pictured above resemble a bat-
tleground at a recess after a battle of two disproportionally equipped armies. A vast majority of the
equipment that young children and older students should be provided with to win that battle ought
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to come from school education, and we believe that — due to its specific nature - a large part of this
responsibility rests with mathematical education.

Mathematics education - a twofold sword

Among the many scientific disciplines transposed into school subjects, mathematics has a very
specific status in relation to the process of foregrounding. On the one hand, as has been shown, it
may ruin students’ dreams and hopes about their further education and position in the labour
market. On the other hand, however, it may be used to rebuild at least some of the ruined fore-
grounds. In that sense, we say it is a twofold sword, which can do a lot of harm, as much as a lot
of good, depending on how it is going to be used.

According to Dolk and te Selle (2010), ‘education serves three main purposes: it adds to the per-
sonal development of children, it supports the creation of social and cultural awareness among chil-
dren and it prepares children for their participatory role in society’ (p. 15). In particular, mathematics is
said to enrich students through at least three kinds of empowerment it gives (Ernest, 2002), namely:
mathematical — the ability to use the subject matter knowledge and skills in school mathematics,
social — the capacity to use mathematics for a better functioning within the society, and epistemo-
logical - related to one’s personal confidence, mathematical self-efficacy and power over mathemat-
ical knowledge. Researchers have also been considering issues like, for instance, fairness, equity and
social justice (e.g. Gutstein, 2003; Simic-Muller, 2015) in relation to the curriculum, textbooks content
and the practice of mathematics teaching. It is believed that mathematicians share the responsibility
for taking up vital issues concerning society, such as peace, politics, gender equity, tolerance and so
forth. Thus, since the mathematics classroom may be a place where contemporary problems of
humankind are being addressed and discussed, it is not an exaggeration to say that it is worth teach-
ing and learning mathematics for the sake of humanity.

In recent years, the inclusion of such values in the educational process has become an urgent
problem in the scientific world and, above all, a challenge to pedagogical practices. Formulated learn-
ing objectives, regardless of the current education system, refer to values considered important by
the society and these values are usually closely related to a specific perception of the human
nature. Among the many approaches to the objectives of mathematics education, one seems to
be exceptionally adequate and still valid.

Already in the 1980s, Krygowska (1986) argued that mathematics education should include both
its proximal and further objectives. She formulated three levels of objectives which, despite the laps
of time, remain a point of reference to many teachers of mathematics and researchers from the field
of mathematics education. Level | contains basic mathematical knowledge and skills, usually
described in the curriculum, formulated as more or less operationalized results (e.g. students
know ..., students know how to define ... and so forth). Level Il refers to attitudes and behaviours
specific to mathematical activity and mathematical methodology. Students should have, for instance,
an active attitude toward mathematical problems, some disposal to perceive and formulate problems
in familiar contexts, the skill of using simple strategies while solving a problem and the understand-
ing of the meaning of definition and the meaning of proof. Level Il refers to attitudes and intellectual
behaviours being transferred beyond the domain of mathematical activity. In that sense, it is assumed
that the meaning of teaching mathematics as part of general education consists in, among others, the
intellectualization of attitudes and behaviours of the wide strata of the society. On the assumption
that the objectives of Level Il and Il are realized almost automatically, with no need for a special
assist of the teachers, rarely are mathematics curricula formulated with a deep reflection on these
levels. With respect to students’ foregrounding, we argue that especially the objectives of the
third level, recognized by Krygowska as those with the utmost importance, need to be paid more
attention to. Since they go far beyond the scope of mere school knowledge and skills, they may
play a significant role in shaping the most important life competencies needed for a successful life
and sustainable development.
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Problem-solving as a key life competency

In the last decades, it was the problem-solving that has been recognized as one of the key compe-
tencies people need in order to successfully deal with the challenges of the contemporary world.
Many efforts have been made by educational policy-makers to make the school a place that helps
to develop and foster these competencies from the early years of education. Since there is a
general agreement that problem-solving lies at the heart of mathematics as a scientific discipline,
it is not surprising that it has become one of the main priorities and learning goals included in
many mathematics curricula worldwide.

Already in the year 1980, National Council of Teachers of Mathematics (NCTM) released eight rec-
ommendations for school mathematics. The first among the listed recommendations that was expli-
citly formulated there says that ‘problem solving must be the focus of school mathematics’ (p. 2).
According to this document:

Problem solving involves applying mathematics to the real world, serving the theory and practice of current and
emerging sciences, and resolving issues that extend the frontiers of the mathematical sciences themselves. (...)
True problem solving power requires a wide repertoire of knowledge, not only of particular skills and concepts
but also of the relationships among them and the fundamental principles that unify them. (NCTM, 1980, p. 2)

Also the OECD advocates for promoting problem-solving and defines this competency as ‘an individ-
ual’s capacity to engage in cognitive processing to understand and resolve problem situations where
a method of solution is not immediately obvious. It includes the willingness to engage with such situ-
ations in order to achieve one’s potential’ (OECD, 2013, p. 122).

Common understanding of a problem usually encompasses the given state, the desired goal and
the obstacles that stand in the way toward achieving it (Mayer, 1992). According to the literature on
mathematics and methods of teaching it, there are at least six important features of what mathema-
ticians consider a problem:

+ Affective and intellectual engagement, ‘the risks and rewards concomitant with that commitment’
(Schoenfeld, 1983, p. 41) together with a strong orientation toward obtaining the solution: a
problem is not a problem until someone wants to solve it.

¢ Lack of already known procedures one could follow in order to solve the task which in itself does
not have to be exceptionally tricky - it is not the difficulty that constitutes a problem, it is the
inability of a person to come to grips with an issue straight away that does (Ciosek, 2005). Thus
solving a problem is transgressive in its nature, for it requires going beyond one’s knowledge,
accessible routine schemas and ordinary thinking.

¢ Relative sense of difficulty and ambiguity: what is a problem to one person, may not be such to
another. There are, however, some problems, which are difficult to the whole community of math-
ematicians and sometimes it takes centuries before the solutions are found.

o Inefficacy of the first attempt of solving, which is often followed up by increasingly strong
emotional responses.

¢ Intellectual - rather than computational (Schoenfeld, 1985, p. 74) - and affective difficulties associ-
ated with the task that challenge the problem solver. To solve a problem means to overcome these
obstacles. Again, it is clear, that problem-solving bears the characteristics of transgressive actions
(of cognitive and affective nature).

¢ Solving a task that is a problem enriches the individual (the community, the whole nation or even
humankind).

Dossey (2017) notes that while the word problem alone has negative connotations and is typically
matched with difficulty associated with tension and unease, the word solving brings in the relief.
Regarding mathematics education, the term problem-solving refers undoubtedly to tasks (a) being
an intellectual and emotional challenge to pupils, (b) promoting students’ conceptual understanding
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of the subject matter and (c) developing students’ mathematical and mathematics-related compe-
tencies like, among others, reasoning, logical thinking, communicating their arguments for/against
some ideas.

Naturally, if mathematics classes are to develop a problem-solving competency in students,
problem-solving has to become an integral part of the learning of mathematics. This postulate is typi-
cally realized either by teaching problem-solving or by teaching through problem-solving from the
early years of schooling. There is no doubt both of these activities are valuable and contribute
greatly to the cognitive and affective development of students. Teaching problem-solving focuses
on providing students with some useful strategies recognized as helpful in the process of
problem-solving. They may be related to mathematics, or may be universal. Famous mathematicians
like, for example, Jacques Hadamard, Henri Poincairé and George Polya were eager to share their per-
sonal experiences with mathematical struggles, as well as ways of thinking they themselves found
effective. Now, these essential elements of the mathematical craft are implemented in the classroom
and they make students more familiar with the practice of mathematical inquiry. The famous book
written by George Polya (1945), a Hungarian mathematician of the twentieth century, entitled
How to solve it? provides the reader with four well known (thus just mentioned here) principles of
mathematical problem-solving: understand the problem, devise a plan, carry out the plan and look
back.

The alternative approach, that is of teaching through problem-solving, advocates building class-
room activities around problems (Schroeder & Lester, 1989) related to mathematical concepts, the-
orems and ideas. They are proposed accordingly to particular topics included in the curriculum.
This approach provides students with many opportunities to solve problems. Polya (1962), when con-
sidering problem-solving, wrote:

[it is] a practical art, like swimming, or skiing, or playing the piano. (...) If you wish to learn swimming you have to
go into the water and if you wish to become a problem solver you have to solve problems. (p. V)

No matter which of the above approaches the teachers adopt, it is very likely that they would often
try to design situations where ‘children might learn, by becoming apprentice mathematicians, to do
what master mathematicians and scientists do in their everyday practice’ (Lave, Smith, & Butler, 1988,
p.62). This is somewhat problematic and we would like to briefly comment on this. Perhaps the gist of
our concern was shared by Hiebert et al. (1996), who wrote the following words:

the metaphor of children as small mathematicians can be pushed too far. Children are different than mathema-
ticians in their experiences, immediate ambitions, cognitive processing power, representational tools, and so on. If
these differences are minimized or ignored, children can be thought of as small adults and education can become
a matter of training children to think and behave like older adults. (...) From our perspective, children need not be
asked to think like mathematicians but rather to think like children about problems and ideas that are mathemat-
ically fertile. (p. 19)

The authors advocate for promoting mathematical inquiry instead of mastering the rules, imitating
strategies, taking full advantage of the logic of the subject instead of relying basically on the
teacher and her support. In order to achieve this, however, children need to be allowed to make
mathematics problematic, by which the authors mean: ‘allowing students to wonder why things
are, to inquire, to search for solutions, and to resolve incongruities. It means that both curriculum
and instruction should begin with problems, dilemmas, and questions for students’ (p. 12).

If we expect the teaching of mathematics to have a significant impact on students’ proximal and
further foregrounding, it must take into account, without fail, on the one hand — who the students are
today, and on the other — who they are to become tomorrow. It is, however, deficient from the per-
spective of their development to provide them with mathematically rich environments. Such environ-
ments need to be made accessible to all the students, so that they could dive into the problems and
explore new mathematical lands with the teachers’ assistance. What is even more important in terms
of students’ motivation is that in order to become explorers and investigators, they have to find the
activities we invite them to participate in personally relevant and meaningful.
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Transgressing personal foregrounds through the means of the learning of
mathematics

According to the Faure Report (1972): ‘Every educational act is part of a process directed towards an
end’ (p. 145). It means that both the teaching and the learning of mathematics are transgressive in
their nature. However, if mathematics education is to go beyond the school walls and change the real
lives of students, we need to have teachers who would cross the boundaries of the subject and pur-
posefully address issues that go beyond the scope of mathematics. We argue that teachers of math-
ematics should make explicit connections between mathematical problem-solving and real-life
problems that hinder one’s potential and limit one’s foregrounding. We pay a lot of attention to
problem-solving, for it is of the utmost importance for us to emphasize that many of the skills and
attitudes we have in our adult life originate from the early childhood experiences. And one of the
attitudes that is being shaped from the early years is the attitude we have toward life problems.
The skill of coping with difficulties can be fostered, especially in the math classroom, by experiences
of previous effective struggles. The best way to exercise such skills is to teach students, as early as
possible, how to confront problems in a constructive manner. Students could benefit to a great
extent from finding in the learning of mathematics meanings relevant to their personal lives.

It is well known that young people today seek mentors, leaders and motivational teachers. They
want to know not only where to go and how to get there, but also why they should care. Oftentimes,
some students ask ‘Why should | learn this?’. We interpret such a question as an exemplification of
what Frankl (1985) called ‘the will to meaning’. Such a question is undoubtedly a great challenge
for the teacher. Even among the researchers within the field of mathematics education there is no
clear agreement on what could be the best possible answer (e.g. Dudley, 2011; Ernest, 2010; Lockhart,
2009; Vinner, 2013; Wu, 1997). However, if we look into the reasons mathematicians have for doing
what they do, it becomes clear that they have their whys. Problem-solving ‘lies at the heart of math-
ematics’ (Cockcroft, 1982), and what often constitutes the core of the problem-solving process is the
search for meaning, looking for patterns to be uncovered and described. Great part of the efforts
made by mathematicians toward finding the solutions is driven by the desire to take control over
the chaos, unpredictability and continuously changing conditions. By uncovering the patterns and
describing them, a human being is capable of subjugating at least some part of the surrounding
reality. In Schoenfeld’s (1983) words: ‘The value to working the problem lies in the solution
process. By making systematic observations of a “messy” phenomenon, one gains insights into its
nature’ (p. 41). If teachers want to inspire students and evoke their interest in problem-solving,
they should show the essence of being a professional problem solver: ‘what makes a mathematician
is not technical skill [hows] or encyclopedic knowledge [whats] but insatiable curiosity and a desire for
simple beauty [whys]’ (Lockhart, 2014, p. 10). We advocate for school mathematics to focus less on
whats and hows, and more on whys standing behind mathematical engagement.

It also happens quite often that professional mathematicians appreciate their discipline for being
‘useless’ in terms of practical daily utility (Lockhart, 2009). Some mathematicians simply like the fact
that in their imagination they can think of any object they want and then play with it, experiencing a
great deal of curiosity and even greater load of fun. Paul Lockhart is an example of a mathematician of
that kind. In his famous essay, A Mathematician’s Lament, the author explicitly states that:

It would be bad enough if the culture were merely ignorant of mathematics, but what is far worse is that people
actually think they do (emphasis in the original) know what math is about - and are apparently under the gross
misconception that mathematics is somehow useful to society! This is already a huge difference between math-
ematics and the other arts. Mathematics is viewed by the culture as some sort of tool for science and technology.
Everyone knows that poetry and music are for pure enjoyment and for uplifting and ennobling the human spirit
(hence their virtual elimination from the public school curriculum) but no, math is important (emphasis in the
original) (Lockhart, 2009, p. 6)

Teachers often tell their students they should learn mathematics, because it is everywhere they go, it
has plenty of applications and it is the gateway to further education and better job opportunities.
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Unexpectedly, imposing the utilitarian perspective onto our students may do more harm than good,
and eventually contribute to the ruining of some foregrounds. Keeping this in mind, we argue for the
shift of educators’ attention from the applications of mathematics to making use of mathematics in
the context of what is personally meaningful to an individual.

Another important aspect of doing mathematics is that in the mathematics classrooms students
often might get the impression that each problem has an easily obtainable solution. Such experi-
ences contribute to the formation of beliefs that are a real threat to students’ self-esteem and
further engagement. Students begin to believe (Kloosterman & Stage, 1992; Schoenfeld, 1992) that
solving a problem should take no longer than five minutes (that is what they see in the classroom)
and that if they do not know how to solve a problem right away, they will not solve it at all. After all,
the problems they were exposed to in the classroom always had easy solutions. Kloosterman and
Stage (1992) suggest that good counter-examples might contribute to preventing as well as chan-
ging these misleading and maladaptive beliefs. For example, students who think they are not
capable of solving a task when it requires much time, should experience success in solving a time-
consuming problem to see that their previous convictions were wrong. Many real-life problems
require a lot of time and patience. Oftentimes only those who do not let themselves be discouraged
by the complexity and difficulty inherent in the problem, ultimately obtain what they have been striv-
ing for.

Pupils should also see and experience mathematics in a similar way to how mathematicians do it:

Mathematical reality is an infinite jungle full of enchanting mysteries, but the jungle does not give up its secrets
easily. Be prepared to struggle, both intellectually and creatively. (...) The important thing is not to be afraid. So
you try some crazy idea, and it doesn’t work. That puts you in some pretty good company! Archimedes, Gauss, you
and | - we're all groping our way through mathematical reality, trying to understand what is going on, making
guesses, trying out ideas, mostly failing. And then every once in a while, you succeed ... And that feeling of
unlocking an eternal mystery is what keeps you going back to the jungle to get scratched up all over again. (Lock-
hart, 2014, pp. 2, 15)

Early disappointments and experiences of one’s lack of efficiency may contribute greatly to the nega-
tive self-perception. Especially young students coping with failures easily lose hope for a better
future. But what if they could learn that getting stuck is a rule rather than an exception in mathemat-
ics (and so is failure)? As long as getting stuck and failing despite some efforts are interpreted by stu-
dents as clear signs of incapability, we will have many students discouraged from entering ‘the
jungle’, which means many students with ruined foregrounds.

Conclusion

Every problem is a learning opportunity. There are many things a person can experience while
being submerged in the mathematical struggle. One can learn, for example, that a problem will
not always be solved. While solving problems, students may also learn that sometimes they will
not understand everything immediately, but there is always a lot to be discovered. Not giving
up on hope and struggling are good opportunities to exercise strong will and persistence. While
solving a problem we can also learn a lot about who we are, what our reactions are like, how
we behave when facing a problem, whether we are strong enough to handle the tension and
uncertainty and so forth. Difficulty arises when we do not accept what we find out about who
we are. If it happens so, we are invited to work on what does not work for us, having as much
understanding and patience as possible. Maybe this is what Piaget (1973) meant describing math-
ematics in the following way: ‘there is no field [other than mathematics] where the “full develop-
ment of the human personality” and the mastery of the tools of logic and reason which insure full
intellectual independence are more capable of realization’ (p. 99). And this is the teachers’ role to
make this specific use of mathematics in the service of personal growth visible to students. If the
teaching of mathematics is transgressively oriented and addresses issues that go beyond mere
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subject matter knowledge, then students can use the competencies they obtain while learning
mathematics in order to transgress their personal foregrounds.
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