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ABSTRACT

OF THE THESIS OF

Rafah Khalil Awdeh for Master of Arts
Major: Math Education

Title: How Do Students Negotiate Their Affect Toward Mathematical Problem-Solving
and How Do They Assign Meaning to Problems and Problem-Solving? A Qualitative
Meta-Synthesis.

Qualitative studies have enriched the mathematics education field over the past 40 years
across various topics. In spite of the fact that the number of these studies is increasing
and the quality of qualitative research studies in mathematics education is changing,
little is still known about how this qualitative research findings would contribute to our
understanding of a particular topic within the field. Through the process of qualitative
research meta-synthesis, our knowledge base can be widened to offer better and deeper
understanding of attitudes, perceptions, and behaviors relevant to mathematics teaching
and learning. This study is a qualitative research meta-synthesis that aims at
synthesizing, analyzing, and integrating the findings of a collective body of qualitative
research to understand the way students negotiate their affective field toward problem-
solving, and the way students assign personal meanings to problems and to problem-
solving. This study utilizes theory-generating approaches to qualitative meta-synthesis
which is based on the grounded formal theory to analyze data extracted from twenty-
one selected relevant qualitative studies. The grounded theory would provide a
comprehensive framework that enables us to understand and explain how students
negotiate their affective relationship with problem solving and the way they assign
meaning to it by coding, categorizing, constant comparison, coming up with a theme,
and generating a well-founded theory.
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CHAPTER 1

INTRODUCTION

Background
This section focuses on two themes. The first theme includes a discussion of the
background of the affect as it relates to problem-solving. The second theme focuses on

the background of negotiation as it relates to problem-solving.

Affect and Problem-Solving

At the end of the last century, there appeared a shift in the field of mathematics
education. The interpretative research approach started to replace the normative
approach. The intricacy of the educational process in mathematics made it vital for
researchers to understand the humanistic aspect of mathematics learning instead of
proving general rules about learning supported by the cause-effect paradigm (Di
Martino, 2018).

With the humanistic aspect playing a significant role in the learning process,
researchers could not ignore the affect if they were to consider the complexity of the
mathematical learning experience. The growing interest in affect and the multitude of
research on it came to light because of its significant role in students’ mathematics
learning. Researchers aimed to explore and understand the teaching/learning
environments and conditions that would lead students to negotiate their affect toward
their mathematical learning experiences positively. As a result of many researchers’
calls to involve affect in mathematics education research, the theory of McLeod (1992)
on affect came to existence (Di Martino, 2018).

McLeod’s (1992) publication on affect presented itself as a manifesto in the

field of mathematics education. Researchers adopted it to frame their work and explore



students’ affective field during their mathematical learning journey. McLeod placed his
theory on affect within Ernest Paul’s social-constructivist theory.

When social constructivism found its way to the field of mathematics education,
mathematics ceased to be a merely cognitive process. Earnest Paul's contributions to
mathematical education were instrumental in placing social constructivism at the heart
of mathematical research. Piaget's stage theory and later Vygotsky’s social theory of
mind inspired Paul to develop his social constructivist theory, which acknowledges that
both the individual meaning-making and the social interaction or social processes are at
the heart of the mathematical learning experience (Di Martino, 2018). McLeod’s theory
of affect identified three main affective constructs: emotions, beliefs, and attitudes,
which can be distinguished in terms of their stability, and they could describe the wide
range of affective responses to mathematics (McLeod, 1992).

McLeod used the definition of Mandler (1984) for emotions. He viewed
emotions as the most intense and the least stable among the three constructs; they
develop due to cognitive analysis combined with psychological responses in reaction to
momentary experiences. Emotions are transient, and they fluctuate with incidents and
circumstances; they can be intense and can change rapidly. In contrast, beliefs and
attitudes are more cognitive in nature and more stable than emotions; they develop over
long periods, and they need time to change (McLeod, 1992). The relationship between
beliefs, attitudes and emotions could be described so that the emotional state, through
repetition, could become a trait that develops into deep beliefs and attitudes.

Beliefs and attitudes are not straightforward concepts that could be defined in a
specific framework. The literature on beliefs is the richest among the three affective

constructs in mathematics education. Despite this, its definition remains problematic.



Many researchers do not define belief, assuming that the readers know what beliefs are
or formulate their definition of belief, which might contradict others (Furinghetti &
Pehkonen, 2002).

The two categories of beliefs that are particularly relevant for mathematics
education are beliefs about self and mathematics. Beliefs about mathematics develop
gradually over time based on the experiences that the students encounter throughout
their learning of mathematics journey; they involve beliefs about problem-solving,
beliefs about self when solving a task, and beliefs about mathematics in general. Beliefs
are also influenced by cultural factors such as the school and home mathematical culture
that the student lives in (McLeod, 1992). The research on beliefs in mathematics
education is interested in interpreting students’ beliefs and studying their social and
cultural origins, the students’ awareness and degree of certainty concerning their beliefs,
and the factors behind the changes in such beliefs.

Attitude is a multidimensional concept; its multiplicity of dimensions makes it
harder for researchers to define it explicitly. Researchers mainly study attitude through
questionnaires, and within the field of mathematics education, the attitude has cognitive,
affective, and behavioral components (Martino & Zan, 2011). Attitude could be taken
for the affective responses that involve positive or negative feelings that are moderately
intense and reasonably stable, such as liking geometry or disliking problem solving,
being bored by algebra, and curious about trigonometry (McLeod, 1992).

An attitude develops over time as an automatic result of positive and negative
mathematical emotional experiences. These experiences start with strong negative or

positive emotions and keep reoccurring in the same manner, ending with a negative or



positive attitude respectively that is less emotionally intense but more stable (McLeod,
1992).

The way students’ affect manifests itself during problem-solving is undeniable.
When students face a problem, a wide range of emotions is triggered, and their beliefs
about problem-solving and oneself influence the way students view and approach a
problem (Schoenfeld, 1983). With that being said, researchers were very interested in
exploring and understanding the nature of students’ affective field and shifts during
problem-solving.

Problem-solving has been a central theme in education for several decades.
Educators and education decision-makers agree on the importance of problem-solving
skills for academic and real-life success. The request by the National Council of
Teachers of Mathematics (NCTM) in 2000 for problem-solving to become the focus of
school mathematics was widely repeated in the field of mathematics education (NCTM,
2000). When students work on challenging problems, their affective responses are
highly activated, and they are more explicit and more intense than they are when they
work on routine problems. This phenomenon inspired us to explore and understand the
topic through a qualitative meta-synthesis.

When it comes to problem-solving and to problems, they are as hard to define as
attitude. Researchers introduced several definitions of “problem.” The meaning
assigned by students to “a problem” is also a challenge. The meaning that students
usually assign to a problem is the student’s definition of “a problem.” Students’ base
their definitions on their personal mathematical experiences. Mtetwa and Garofalo
(1989) recognized multiple unhealthy beliefs students have about mathematical

problem-solving that determine their definition or the meaning they assign to problems.
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They affirm that such faulty and stereotypical beliefs developed from textbook answers
and classroom experiences.

Multiple definitions of "a problem™ appeared in the literature. Bruner's (1961)
definition of a problem stated that one needs to consider 'troubles," '‘puzzles," and
‘problems’ when defining a problem. Kantowski (1977, p.163) defined a problem as "An
individual is faced with a problem when he encounters a question he cannot answer or a
situation he is unable to resolve using the knowledge immediately available to
him." Another definition by Mervis (1978) stated that a problem is "a question or
condition that is difficult to deal with and has not been solved” (p. 27). Lester (1980)
says that "A problem is a situation in which an individual or group is called upon to
perform a task for which there is no readily accessible algorithm which determines
completely the method of solution™ (Lester, 1980, p. 287). Buchanan (1987) defines
mathematical problems as "non-routine problems that required more than ready-to-hand
procedures or algorithms in the solution process” (p.402). McLeod (1988)
defines problems as "those tasks where the solution or goal is not immediately
attainable, and there is no obvious algorithm for the student to use" (p. 135).

Ohio Department of Education (1980, p.5) listed four elements that define a
mathematical problem, among which "a person must desire a solution.”" This definition
has an affective component to it, which does not appear in any previous definition.
Relating the definition or the meaning of a problem to affect is of significant interest for
us in our meta-synthesis because we believe that the meaning assigned to problems by
students is highly influenced by their learning experiences and the emotional aspects

that accompany those experiences.
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Negotiation and Problem-Solving

When we mention negotiation, the first thing that comes to mind is a back-and-
forth dialogue between two entities to resolve an issue or reach a conclusion.
Negotiating oneself is an endeavor that individuals go through implicitly to grasp new
ideas or concepts or change emotions, beliefs, and attitudes.

It is inevitable to discuss negotiating oneself without mentioning Piaget’s
cognitive equilibrium theory as a part of his contribution to radical constructivism
(Piaget & Inhelder, 1969). According to Piaget, and in the process of constructing one’s
knowledge, humans seek equilibrium. A state of frustrating disequilibrium occurs when
the cognition is subject to new knowledge that mismatches the individual’s existing
knowledge. When an individual enters a state of disequilibrium, the individual tries to
manage it through assimilation or accommodation. To resolve the disequilibrium state,
the individual assimilates the new knowledge to his old schema where it would fit. If
the new information does not fit into any schema, the individual needs to modify his
current schema to fit the new information. This process through which the individual is
going involves a certain kind of internal or implicit negotiations between the individual
and himself to reach cognitive equilibrium and construct his knowledge and formulate
his own beliefs. On the other hand, social constructivism extended the theory of
constructing knowledge outside of the personal cognition and psyche (Piaget &
Inhelder, 1969).

The social constructivism theory was the one to reconcile the cognitive
individual and the collective social aspects of learning. The theory acknowledges that
both the individual meaning-making and the social interaction or social processes are at

the heart of the mathematical learning experience. Social constructivism found its way
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to mathematics education in the eighties, influenced by Bruner, Bishop and Vygotsky;
nevertheless, it was Paul Ernest who developed the social-constructivist theory (Di
Martino,2018).

Social interactions and cultural influences precede individual knowledge in the
process of knowledge construction; as Vygotsky mentioned, “Every function in the
child’s cultural development appears twice: first, on the social level, and later, on the
individual level; first between people ..., then inside the child” (Vygotsky 1978, p. 57).

Paul Ernest introduced two kinds of knowledge, objective, and subjective
knowledge. According to Piaget's cognitive equilibrium model, subjective knowledge is
the knowledge that the students build; it is built individually through assimilation and
accommodation. With the influence of societal factors and interaction, a new form of
knowledge is introduced, objective knowledge. Objective knowledge introduced by the
society is internalized by the student and added to his subjective knowledge. For
students to internalize this new knowledge, they pass through intersubjective scrutiny of
ideas, reformulation, and acceptance of the new knowledge; a form of negotiation
between students and themselves takes place. This negotiation process could lead to a
change once the new knowledge is accepted (Ernest, 1991).

Based on the above, we can say that students enter their learning journey with a
belief system about education and a vision of themselves already established (Laughran,
2006; Lortie, 1975; Wenger, 1998). Throughout the journey, each student’s meanings,
and affective experiences cross paths with contextual social experiences to shape a
unique path into their academic field (Wenger,1998). Contextual experiences include
the learning environment they experience, the teaching practices they are subject to, the

influence of significant others such as peers, educators, and other society members.
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When discrepancies occur between the students’ original vision and beliefs and
a contextual element, they must negotiate or sort out the incongruity. This negotiation is
an ongoing, context-related, and unique meaning-making process that could extend,
redirect, or modify prior beliefs (Wenger,1998).

So, we define “negotiate” as whenever students experience misalignment
between their assigned meaning to problem-solving, affect or beliefs toward problem-
solving, based on previous learning experiences, and what their new or alternative
learning experiences are subjecting them to, they need to negotiate and sort out their

assigned meaning and beliefs to resolve the discrepancies.

Rationale

In the last fifteen years, a trend to utilize qualitative approaches to study
different problem-solving aspects has emerged. Several primary qualitative studies have
explored the way students negotiate their affective relationship with problem-solving
and the personal meaning they assign to the latter. These studies, which were enacted in
different countries, used a variety of classroom teaching/learning environments. These
teaching/learning environments differed in their theoretical lenses for framing the
research issues and interpreting their findings. Also, they differed in targeting students
at the different educational levels, ranging from primary to university. The ultimate
purpose of this study is to use qualitative meta-synthesis based on the grounded formal
theory to integrate and interpret findings from a pool of qualitative studies published in
the last twenty-four years. These studies addressed the way students negotiate their
affective relationship with problem-solving and the personal meaning they assign to it.

An extensive literature research showed no presence for a qualitative meta-

synthesis that addressed students’ negotiation of their affective relationship with
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problem-solving and the personal meaning they assign to the latter. Our literature search
identified twenty-one journal articles addressing the meaning students have of a
problem and problem-solving and the way they feel towards problem-solving in a
variety of classroom teaching/learning environments.

As for affect, research addressing classroom teaching/ learning environments varied in
classroom settings, from students working individually or in groups to students
collaborating on solving problems, sometimes followed by whole classroom
discussions.

Few studies explored students’ affect towards problem-solving in conventional
classroom environments, where no intervention was employed and the delivery of
knowledge was through direct instruction (Andersen, 2015; DiMartino, 2019; Higgins,
1997; Jader et al., 2016; Lerch, 2004; Martinez & Gonzalez, 2015; Moyer et al., 2018;
Qaisar et al., 2015; Schindler & Bakker 2020; Wong, 2002; Yusof & Tall, 1999).

Several of the studies we identified targeted group work settings to understand
more about students’ affect towards problem-solving (Andersson et al. 2015; Bray &
Tangney 2016; Higgins 1997; Hino, 2015; Ju & Kwon, 2007; Lynch & Star 2014;
Perrenet & Taconis 2009; Qaisar et al. 2015; Satyam, 2020; Schindler & Bakker 2020;
Yusof & Tall, 1999). Collaborative work differs from group work. In collaborative
work, the students simultaneously solve a challenging problem that none of them could
do on their own. On the other hand, group work responsibilities are divided among the
group members, where this division makes the students do most of their work
individually (Damon and Phelps,1989).

Multiple studies explored the students’ affect towards problem-solving in

teaching/ learning environments that adopt a reform curriculum setting, using
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collaborative work followed by whole classroom discussion (Andersson et al., 2015;
Francisco, 2005; Higgins, 1997; Qaisar et al., 2015; Shindler & Bakker, 2020; Yusof &
Tall, 1998). Bray & Tangney (2015) explored collaborative work with the assistance of
technology. Other studies explored collaborative work preceded by instruction on
problem-solving strategies and meta-cognitive models (Higgins, 1997; Lynch & Star,
2014).

As for the meaning that students usually assign to a problem and problem-
solving, the way they perceive it, and how they make sense of it, the research explored
that in conventional classroom settings (Di Martino, 2018; Higgins, 1997; Jablonka,
2005; Jurdak, 2006; Lerch, 2004; Stylianides & Stylianides, 2014; Wong et al., 2002),
as well as in collaborative work setting, group work settings or authentic and real-life
problem-solving settings (Francisco, 2005; Higgins, 1997; Hino 2015; Jurdak, 2006;
Perrenet & Taconis, 2009; Stylianides & Stylianides, 2014).

This qualitative meta-synthesis aims at integrating and synthesizing the findings
of the studies across a variety of classroom teaching/learning environments. The study
intends to come up with a better understanding of how students negotiate their affective
field with problem-solving and how they assign meaning to mathematical problems
across alternative teaching and learning environments, leading to a deeper
understanding of the issue.

Affect, Meaning, and Educational Levels

The studies on students’ affective relationship with problem-solving and the

meaning they assign to problems and problem-solving targeted different educational

levels. Studies took place at either elementary, middle, high school, or university levels.
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Among these studies, four targeted primary school students whose assigned
meaning to problems and their affective disposition toward problem-solving were
explored (DiMartino, 2018; Qaisar et al., 2015; Wong et al. 2002;). Qaisar et al. (2015)
were interested in understanding the students’ affect towards problem-solving by
exploring their emotional aspects and beliefs. On the other hand, Di Martino (2018) and
Wong et al. (2002) explored what a problem means to students and how their assigned
meaning changes as they progress in their grade levels from kindergarten to grade five.

Multiple studies explored our research questions at the middle school grade
level (Francisco, 2005; Higgins, 1997; Hino, 2015; Jablonka, 2005; Moyer et al., 2018;
Wong, 2002). Wong (2002) and Moyer et al. (2018) targeted students' affective field.
They explored their emotions and beliefs towards problem-solving, whereas Jablonka
(2005) and Francisco (2005) both investigated the meaning of learning from the
students' point of view. The study by Hino (2015) tried to understand the way students
view their affect and the meaning they assign to problems.

Seven of the studies identified for our qualitative meta-synthesis explored
students' affect toward problem-solving and the meaning that the students assigned to
problems and problem-solving at high school grade level (Andersson et al., 2015; Bray
& Tangney, 2015; Jader et al., 2016; Jurdak, 2006; Lynch & Star, 2014; Moyer et al.,
2018; Schindler& Bakker, 2020). The mentioned studies explored the students' affective
field and emotional disposition towards problem-solving or their meaning of a problem
and problem-solving, or both.

Researchers also showed interest in university-level students and attempted to
figure out their emotions and beliefs, as well as the meaning they assign to problems

and the way they view their affect in relationship to that meaning (Ju & Kwon, 2007;
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Lerch, 2004; Martinez & Gonzalez 2016; Perrenet & Taconis, 2009; Satyam, 2020;
Stylianides & Stylianides, 2014; Yusof & Tall, 1998). Ju and Kwon (2007), Lerch
(2004), Martinez & Gonzalez (2016), Satyam (2020), and Yusof & Tall (1998) explored
the beliefs of the students and their emotional disposition to problem-solving. Whereas
Perrenet & Taconis (2009) and Stylianides & Stylianides (2014) explored students’
affective field to problem-solving and the meaning they assign to problems.

The single study that followed students from grade one to university was the one
done by Francisco (2005). However, in his study, he interviewed the students at the end
of the intervention to explore how they perceive their mathematical knowledge and the
meaning they assign to it. The fact that Francisco interviewed the students at the end of
the intervention makes the study unfit to be considered one that explored the issue
across grade levels. Francisco did not provide a baseline to conclude the changes that
the students went through as they progressed in grade levels.

This qualitative meta-synthesis will synthesize and interpret the results of
twenty-one studies across all educational levels from primary to university. The
findings would be an essential factor in understanding the sequential development of
students’ assigned meaning, emotions, and beliefs as they grow.

Affect, Meaning, and Educational Systems

The studies chosen for this qualitative meta-synthesis took place globally,
including America, Europe, Asia, and Australia. The fact that both students’ learning
experiences and national curriculums are embedded in culture and influenced by it
made it essential to review these studies from the curriculum perspective.

Most of the studies in our qualitative meta-synthesis took place in the USA

(Francisco, 2005; Higgins, 1997; Lerch, 2004; Lynch & Star, 2014; Moyer et al., 2018;
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Perrenet & Taconis, 2009; Satyam, 2020; Stylianides & Stylianides, 2014). These
studies explored either students’ affect toward problem-solving, their assigned meaning
to problems, or both.

In the United States, the curriculum frameworks vary according to state.
Mathematics standards across the states emphasize learning mathematical content in
real-world situations while still focusing on computational thinking and mathematical
fluency to solve problems and promote a more profound understanding (Mullis et al.,
2016).

Six of our studies took place in Asia (Hino, 2015; Jablonka, 2005; Ju & Kwon,
2007; Jurdak, 2006; Qaisar, 2015; Yusof & Tall, 1998). Ju Kwon (2007) explored
students' affect during problem-solving in South Korea. Jablonka's (2005) study on how
students attribute meaning to mathematical problem-solving compared Hong Kong's
cultural teaching practices to USA's. Hino's (2015) study on students' affect toward
problem-solving and the personal meaning they associate with problems took place in
Japan. Jurdak (2006) explored students' views on situated problems that they were
asked to solve and compare to real-world and school problems in Lebanon. Qaisar
(2015) explored students' emotions and beliefs on mathematics in a Pakistani school,
and Yusof & Tall (1998) had their study on university students' affect on problem-
solving done in Malaysia.

It is noticeable that three Asian curriculums stress everyday problems to be
targeted through mathematical learning. We find it imperative to mention that the three
curriculums tackle the aesthetic aspect of mathematics, requiring students to appreciate
the beauty of mathematics, the value of mathematical learning, and develop a positive

personal attitude towards mathematics (Mullis et al., 2016).
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Andersson et al. (2015), Jader et al. (2016), and Schindler & Bakker (2020)
explored Swedish students’ beliefs on mathematical problem-solving. The Swedish
curriculum highly stresses problem-solving and the formulation of mathematical
questions in everyday situations and different subject areas and their
application/modeling in different situations (Mullis et al., 2016).

Some of the studies on students’ affect toward problem-solving and the meaning
they assign to problems in our qualitative meta-synthesis took place in different
European countries. Bray & Tangney's (2015) study took place in Ireland, Di Martino's
(2015) study in Italy, and Jablonka's (2005) study in Germany. The curriculums in these
countries stress the importance of problem-solving as a part of the learning process,
involving everyday situations as a medium for practice and learning (Mullis et al.,
2016).

Martinez & Gonzalez's (2016) study took place in Mexico, where the authors
explored students' emotional experiences in their linear algebra course.

The selected studies for this qualitative meta-synthesis took place in a variety of
cultural contexts. This variety in cultural contexts would enrich the analysis and
interpretations of our qualitative meta-analysis. However, these countries belong to the
Western developed world (the USA and Europe) or developed South-Eastern Asian
countries (South Korea, Hong Kong, Japan). Therefore, the findings of this study are
likely to be relevant to developed Western and South Asian countries.

Purpose
The purpose of this study is to integrate and interpret the findings of a selected pool

of qualitative studies in terms of:
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1. How students negotiate their meaning of a problem and problem-solving across
alternative teaching and learning classroom environment, educational levels, and
educational systems.

2. How students negotiate their affective relationship with problem-solving across
alternative teaching and learning classroom environments, educational levels,

and educational systems

Research Questions

1. How do students negotiate their meaning of a problem and problem-solving
across alternative teaching and learning classroom environments, educational
levels, and educational systems?

2. How do students negotiate their affective relationship with problem-solving
across alternative teaching and learning classroom environments, educational
levels, and educational systems?

Significance of the Study

Theories generated using primary qualitative research methods are generally not
considered transferable outside the context in which they were developed because they
originate from minimal samples. This qualitative meta-synthesis aims to integrate,
synthesize, and interpret data from a collective body of qualitative research findings
related to students’ beliefs, emotions towards problem-solving, and meaning of a
problem in different educational levels and in alternative classroom teaching/learning
environments. Such a qualitative meta-synthesis would lead to a deeper understanding
of students’ beliefs and emotions towards word problems as well as their assigned

meaning to problems and problem-solving and contribute to a more generalizable and
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transferable theory, thus helping us to move from knowledge generation to knowledge
application.

The transferability of the results from this study might help educators build
positive experiences for the students across various grade levels and alternative learning
environments. These positive experiences would help those students negotiate their
affective relationship with problem-solving and the meaning they assign to it in the

direction that educators desire, a positive view towards mathematical problem-solving.
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CHAPTER 2

REVIEW OF THE LITERATURE

Qualitative Meta-Synthesis

Qualitative meta-synthesis is a recent development in the field of qualitative
research. It provides means to enhance the contribution of qualitative findings to the
generation of more formalized knowledge. Human experiences share many common
attributes; however, using a single lens to interpret these multiple experiences might not
be feasible. A qualitative meta-synthesis contextualizes these experiences and brings
them into the center, all under one lens; thus, making these experiences more
meaningful and context-specific (Erwin et al., 2011).

Qualitative meta-synthesis uses rigorous qualitative methods to synthesize
previous studies’ findings to construct greater meanings and deeper understandings. In a
qualitative meta-synthesis, the researcher uses the findings from a carefully selected
pool of qualitative studies as his data instead of the studies’ raw data. On top of that, the
researcher engages heavily in a complex and deep analysis of the data to better
understand the meaning within a specific context and generate a generalizable theory
based on his new comprehensive findings (Erwin et al., 2011). The goal of qualitative
meta-synthesis is to look for themes across studies that promote new insights into the
body of qualitative literature while preserving the integrity of the original studies.

Theory-generating meta-synthesis research is placed within the qualitative
research paradigm, and it is based on grounded theory methods (Corbin & Strauss,

2008). Being placed within this paradigmatic and methodological orientation, theory-
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generating meta-synthesis research is established on the assumption that theory can be
inductively generated from qualitative data (Finfgeld- Connett, 2010).

As mentioned earlier in our paper, there are various approaches to qualitative
meta-synthesis, such as meta-ethnography, meta-study, thematic synthesis, formal
grounded theory, cross-study analysis, and meta-aggregation (Finfgeld-Connett, 2010).
Some of these approaches have been influenced by an interpretive paradigm where they
show a particular interest in placing qualitative insights within a larger discourse and in
developing conceptual, theoretical frameworks to increase the understanding of how
things connect and interact. Other approaches have found their theoretical base in
critical realism, a paradigm supporting the acquisition of knowledge about the external
world as it is, while recognizing that perception is a function of, and thus fundamentally
marked by, the human mind. Pragmatism, a method that uses scientific logic to clarify
the meaning of certain concepts or ideas through investigating their potential
relationship with the real world, also found its way as a theoretical framework in
qualitative meta-synthesis studies (Hannes & Lockwood, 2011).

The first qualitative meta-synthesis came from synthesizing four qualitative
studies in sociology, it was done in the late 1960 s by Glaser and Strauss, the creators of
grounded theory (Glaser & Strauss, 1967). Stern and Harris (1985) were the first who
documented a meta-synthesis of qualitative studies in the field of nursing, where
qualitative meta-synthesis is very popular currently (Zimmer, 2006). It took much
longer for the qualitative meta-synthesis approach to reach the discipline of
mathematics education. In the 2000s calls for qualitative meta-synthesis studies started

to echo and very few studies started to appear (Yore & Lerman, 2008).
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Students’ Affective Relationship with Problem-Solving

More than seventy years after Polya’s comments on the importance of affect in
mathematical problem-solving in which he said “Your problem may be modest; but if it
challenges your curiosity and brings into play your inventive faculties, and if you solve
it by your own means, you may experience the tension and enjoy the triumph of
discovery. ...If he [the teacher] fills his allotted time with drilling his students in routine
operations, he kills their interest... “(Polya, 1945, p. V), substantial efforts have been
made to better understand how the affective domain of students is related to problem-
solving.

The interplay between cognition and emotion in the field of mathematics has
been the concern of researchers for a while. Emotion is not simply a part of human
thought and action due to anecdotal or phenomenal basis; there is now a growing body
of evidence that emotional states interact significantly with various cognitive functions
(McLeod & Adams,1989).

The research area investigating the interplay between cognitive and emotional
aspects in mathematics education is known as affect, where the affective domain is
divided into beliefs, attitudes, and emotions that could describe the wide range of
affective responses to mathematics (McLeod, 1992). With the affective domain
involving emotions, beliefs, and attitudes, these three factors influence the way students
negotiate their relationship with mathematics in general and mathematical problem-
solving in particular. (Evans et al., 2006; McLeod, 1992). Because affective factors
heavily influenced problem-solving performance, research on problem-solving started

to take affective issues into account.
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When it comes to emotions in mathematics, research has shown of a multitude
of emotional aspects that are involved in the process of mathematical problem-solving.
Interest, motivation, anxiety, and fear are all emotions that students experience while
solving problems. They acknowledge that mathematics is one of the school subjects that
triggers the strongest negative emotions in students, which may cause students to
develop an attitude of refusal towards it, thus hindering their thinking process (Buxton,
1981). According to researchers, students’ struggle when problem-solving, even when
they possess the necessary cognitive skills, is caused by their affect towards the subject.
(Schoenfeld, 1983). A history of negative experiences with problem-solving that creates
momentary negative emotions leads to a long-lasting beliefs and attitudes on problem-
solving.

With all being said, it became a need that research provide the mathematical
community with evidence-based data on how students negotiate their affective
relationship with problem-solving and understand more about their affective responses
to promote better beliefs and attitude towards mathematics. Recently, researchers have
begun to conduct intervention studies in the mathematics classroom to understand the
relationship between various classroom environments and students’ affect toward
problem-solving (Schukajlow et al., 2017). Thus, multiple qualitative studies tried to
explore and understand this affect and the way it is shaped during problem-solving
activities.

Research on Affective Relationship with Problem-Solving across Teaching

/Learning Environments

Researchers have explored conventional and alternative classroom settings

where group work, collaborative work, technology, and different teaching strategies
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were employed. Conventional classroom settings are when the student is a receiver of
the knowledge through direct instruction and not a constructor (Jader et al., 2016;
Lerch, 2004). In group work, students do most of their work independently while
working within the group; they discuss and negotiate solutions during work. On the
other hand, collaborative work happens when students work in groups interdependently,
they share ideas and thoughts to perform a task or solve a challenging problem.
(Andersson et al. 2015; Hino, 2015; Ju & Kwon, 2007; Moyer et al., 2018; Qaisar et al.,
2015; Satyam, 2020; Shindler & Bakker, 2020; Stylianides & Stylianides, 2014; Y usof
& Tall, 1998).

The use of heuristics and other metacognitive and problem-solving strategies is
a well-known approach in mathematical problem solving, it can be used mostly while
tackling unfamiliar problems that need unconventional ways to be solved. The effects of
teaching and using these various strategies on students’ affect has been the focus of
research for a while (Higgins, 1997; Lynch & Star, 2014).

The popularity and advancement in technology made it easier for educators to
design and incorporate more meaningful learning activities in a technology-enhanced
classroom setting. Computers, mobile technology, and various mathematical software
are at the disposal of educators and could be used to make the students’ learning
experiences more meaningful, practical, and joyful. Researchers investigated the impact
of technology use on students’ mathematical attitudes and beliefs in multiple studies.
(Bray & Tangney, 2015)

The first part of this review will shed light on the studies that have explored
students” affect toward mathematical problem solving in a variety of teaching/learning

environments explored in a number of qualitative studies.
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Conventional Classroom Environment

Jader et al. (2016) explored the beliefs of three secondary school Swedish
students during problem-solving sessions. Jader found out that the students displayed a
negative attitude towards problem-solving. Students’ self-expectations and insecurities
impacted their abilities to be creative thinkers and successful problems solvers.
Students’ belief of being good at solving only familiar problems strengthened their
negative intrinsic motivation, which led to a feeling of insecurity towards the task. In
contrast, students who displayed positive intrinsic motivation had less insecurity and
were more persistent at solving the problem. Jader concluded that students’ failure was
highly influenced by the negative beliefs they carry about problem-solving.

Lerch (2004) explored how four Algebra I university students practice their
control decisions while solving routine and non-routine mathematical word problems
and how these decisions are influenced by their personal mathematical beliefs.
Narratives written by the students and interviews revealed that none of the students
have the control decision needed for problem-solving when working on non-routine
problems. Lerch concluded that this lack of control was due to the personal belief
systems of the students on non-routine problem-solving. Faulty beliefs, such as “formal
mathematics has nothing to do with real life problem-solving”, “mathematical problems
should always be solved in less than ten minutes”, and “only geniuses are capable of
creating or discovering mathematics” influenced the way students approach problem-
solving tasks, and their abilities to take control of the situation.

Martinez and Gonzalez (2016) interviewed twenty-seven university students to
explore the range of emotions they go feel while working on problem-solving.

Emotions such as disappointment, fear, and distress were explored. The authors found

28



out that most of these negative emotions were caused by the goals that the students set
for themselves, and the goal that the educational system and the culture set for them.
Group Work

Ju and Kwon (2007) explored how group work followed by classroom
discussions would influence the beliefs of nineteen university students on mathematical
problem-solving. Students worked in groups on problems borrowed from their real life
during a differential equations course, where mathematical concepts will emerge and be
discussed. A whole classroom discussion would follow the group work. Students would
discuss the various ideas and justify their concepts with the teacher who orchestrated
the discussion. The teacher would redirect the questions asked by one student to the
other students to come up with ideas and construct arguments collectively. Analyzing
the student’s conversation during group work and whole class discussions, the authors
noticed a change in the students’ speech pattern. As the course progressed, the way
students discussed their solutions changed from the third-person perspective mode to
the first-person perspective mode. The third-person perspective reflects the students
placing themselves as passive recipients and consumers of mathematics, reflecting the
belief that mathematics is immutable and independent of what the students think.
Whereas in a first-person perspective, students view themselves as active catalysts in
producing their mathematical knowledge. Ju and Kwon concluded that this change in
belief was due to the classroom practice that the students have experienced; they added
that classrooms are communities of practice where norms and emerging students’
beliefs are in a dialogical relationship. Altering the norms would lead to altering the

beliefs.
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Moyer et al. (2018) explored the effect of the reformed curriculum on the
attitude, beliefs, and the emotional disposition of students towards mathematics in
comparison to a traditional curriculum during the middle school years was explored by.
The reformed curriculum takes a functional approach to algebra teaching in middle
school. Concepts are taught through an exploration of the relationships between real-
world quantities that arise in daily problem situations. On the other side, the traditional
curriculum follows a structural approach by moving away from contextualized
problems and focusing on students’ procedural abilities. Forty-four grade twelve
students were the study subjects, some of whom had studied the reformed curriculum
during their middle school and the rest studied the traditional curriculum. The authors
found a remarkable difference in the two groups’ vision of mathematics. The reformed
curriculum students were more independent learners, relied on themselves or their
colleagues more than their teachers. On the other hand, the traditional curriculum
students preferred structured instruction and individual work along with the teacher’s
assistance. The emotional disposition of the two groups did not vary significantly.
Students from both groups expressed dislike for mathematics, but for different reasons.
The authors argued that the reformed curriculum students’ current dislike of
mathematics could be because those students moved from the reformed curriculum back
to the traditional lecture-based curriculum in high school. Moyer et al. concluded that
the middle school learning experience provided by different kinds of curriculums would
shape the attitudes and beliefs of students towards mathematics, making it vital to be
wise in choosing the right curriculum that would provide the positive learning

experience.
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To understand what elicits significant positive emotions in students during their
work on problem-solving, Satyam (2020) interviewed eleven university students
attending a transition to proof mathematics course, where tenants of active learning and
group work were used. The purpose, as indicated by Satyam, of understanding what
elicits or triggers these positive emotions that he calls satisfying moments is that they
could be utilized to build learning experiences around them. Positive learning
experiences that elicit positive emotions would lead to a positive attitude towards
mathematics. The author concluded that the most common satisfying moments
happened when students succeeded at their task without struggle, overcame past
challenges, worked with peers, and had the feeling that they understood the problem
and were capable of doing it on their own.

A Swedish study explored the mathematical identity narratives of two high
school students who labeled themselves as “math haters” and how these narratives were
problem-context bound (Andersson et al., 2015). When the students could relate to the
context of problem-solving on a human or personal level as they work in groups, they
had a different narrative about their relationship with mathematical problem-solving.
Both girls use words with positive connotations such as “good” and “useful” to describe
their group work experience. The girls also talked about their experience with the task
itself more actively using verbs such as “participated” and “talked about”. The girls
expressed a positive attitude that was context-bound, but they also expressed their fear
that that was temporary and unsustainable. The authors concluded that as the context
changes, the narrative changes as well. According to the authors, experience with

negative emotions would hinder the ability of the student to change their affective
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relationship with mathematics on a long-term basis, even if they can do it during a
specific task.

Stylianides and Stylianides (2014) explored the impact of a short intervention on
students’ problem-solving common and counterproductive beliefs. Thirty-nine
university students participated in the study, where they had to work in small groups
followed by a whole classroom discussion on real-life problems that looked unsolvable,
but they were. The problems were designed in a way that they were interesting,
curiosity arousing, and fun. The role of the teacher was to assure the students at the
beginning of the session that the problem was solvable and that solving it was within
their capabilities if they persevered and thought well about it. The teacher provided
scaffolding to a group only when it was needed. At the end of the study, the interviews
indicated significant improvement in the students’ problem-solving beliefs compared to
those at the onset of the study. The authors concluded that the students’ whole outlook
on how to solve problems was changed, they stated that they started looking at
problems more deeply and in more than one way. Students believed that persevering
and working hard to solve a challenging problem would be satisfying and fulfilling.

Another study investigated the way students attend to their peers’ multiple
solutions during structured problem-solving sessions (Hino, 2015). During these
sessions, the teacher presents the problem, the students work on it individually then in
groups to compare solutions. A whole classroom discussion follows to summarize and
highlight the major points. Twenty-four Japanese grade eight students were interviewed
to express their thoughts about the learning practice after every session. Hino noted that
comparing solutions had a positive impact on students’ affect; they expressed

developing interest and being impressed by their peers’ novel ideas. Collecting
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information from peers’ work empowered the students and created confidence that
made them ready to try new and unfamiliar problem-solving. The author concluded that
the students’ attending to peers’ different and multiple solutions was for the sake of
self-development and having their exploratory questions answered instead of just
getting the right solution for the problem; the exploratory questions supported their
goals of sense-making and knowledge construction.
Collaborative Work

A case study in Sweden (Shindler & Bakker, 2020) investigated the affective
fluidity and multiplicity as well as the change in affect of an eighteen-year-old female
student during problem-solving and problem posing sessions. The sessions were
inquiry-oriented collaborative problem-solving sessions taught by the first author of the
article. During those sessions, the student first worked on the problems individually for
a short time and then worked with a group for most of the time. At the end of each
session, reflections took place. The student reflected using her own words on how the
session went. The authors noted that the change in the student’s affective field was
dramatic. The student went from being an anxious mathematical problem solver to
someone who enjoyed mathematical problem-solving. The student’s affective field at
the end of the study, compared to the beginning showed an apparent positive evolution.
The student was ready to try new things and look into different directions; her attitudes
shifted considering that mathematics was boring into saying that trying new things
makes problem-solving more fun. The authors concluded that collaborative work and
group dynamics provide students with a safe atmosphere, where students appreciate

each other’s ideas and approaches. They comfort each other and provide empathy and
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support, all this leading to a positive shift in their beliefs and attitudes towards problem-
solving.

Qaisar et al. (2015) explored the beliefs of elementary students in two Pakistani
schools on mathematical learning and understating and on the social context in which
learning takes place. Collaborative work was a new context for the students who were
used to direct instruction mode of learning. Students were not enthusiastic about
working in groups and preferred to work independently before the intervention, as
expressed during the interviews. Interviews after the intervention revealed a significant
shift in students’ attitudes toward collaborative work and mathematical learning.
Collaborative work increased students’ confidence in their abilities of problem-solving;
they believed they could depend on peers for help. The intervention could create a shift
in students’ beliefs about who can and who cannot learn mathematics, the nature of
learning mathematics, and the importance of the social context in learning mathematics.

Yusof & Tall (1998) explored the impact of collaborative problem-solving as a
teaching approach on the mathematical beliefs and attitudes of 44 Malaysian university
students. The conventional lecturing mode of learning was replaced by problem-solving
with collaboration, where students would discuss, argue, conjecture, and come with a
solution for the problem collaboratively. Students expressed their feelings towards
mathematical learning before and after the intervention through written comments. The
comments showed a significant shift in the way students think of mathematical learning,
from boredom and frustration to enjoyment, satisfaction, and finding pleasure in
problem-solving. The students’ beliefs and attitudes changed from viewing mathematics

as a body of procedures to learn into viewing mathematics as a process of thinking.
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Collaborative Work with Technology

Bray and Tangney (2015) studied the effect of teaching mathematics based on
the “Realistic Mathematics Education” model on fifty-four high school students’
engagement and confidence in their mathematical learning process. The one yearlong
qualitative study investigated the transformation that occurred to students in depth
through interviews during and at the end of the study. Realistic Mathematics Education
(RME) stems from the progressive philosophical view in education. In RME, learning
mathematics starts with a problem that should have a meaningful context and relates to
everyday life; the students identify the relevant mathematical concept in that problem,
refine the problem into a mathematical one, solve it and interpret the solution in
relevance to the original situation. In addition to the model the students used technology
to work on the problems collaboratively with the teacher’s scaffolding. Bray & Tangney
found out that engaging in this kind of learning changed the outlook of some students
on mathematics in a radical way. They said the process of guided discovery that the
students went through made them have a sense of meaningfulness that positively
impacted their engagement and confidence. The authors related this to the sense of
autonomy and ownership the students experienced over their learning process. Bray &
Tangney concluded that the real and personal understanding of the mathematical
concepts that underline the problems students worked on created a feeling of
confidence. The use of technology helped the students represent, relate, and manipulate
things. The authors added that teamwork contributed positively to the students’
affective engagement; they found enjoyment in mathematics and active participation in

class where all students engaged in meaningful activities.
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Collaborative Work with Teaching Strategies

Lynch and Star (2014) studied the effects of instruction using multiple
strategies on the attitudes of six struggling high school students. The new curriculum
material utilized in the intervention focused on the specific practice of comparing
multiple strategies to solve word problems. Students will solve a word problem and then
discuss a worked example presented to them. The worked example used two strategies
that the students discussed and compared to their solutions in a whole classroom
discussion. Lynch and Star concluded that learning multiple strategies made the
students aware of the presence of more than one way to solve a problem, which
alleviated their past difficulties, improved their understanding, reduced their problem-
solving anxiety, and improved their attitudes toward mathematics and mathematical
problem-solving.

Another study explored the effects of systematic instruction in problem solving
on eighteen grade six and seven students, the study aimed to understand how problem-
solving skills’ teaching approach would influence students’ attitudes and beliefs
towards problem-solving (Higgins, 1997). After teaching the students five problem-
solving strategies, students were presented with challenging word problems that they
could solve in more than one way. The intervention took place over the course of the
academic year. The students solved these problems in small groups, classroom
discussions, and with the teacher’s scaffolding when needed. The author found out that
students who learned problem-solving strategies and had the chance to use them on
daily basis developed confidence in their problem-solving abilities. The students
admitted that they have transferred these skills to other classes and even to outside the

school environment. The students also realized that problem-solving needed
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perseverance, so they were ready to spend hours trying to solve a problem with high
levels of motivation. Higgins (1997) added that these students realized the usefulness of
mathematics in general and appreciated the fact that it made them “use their brains.”
The students’ opportunities to share and discuss their ideas and ways of thinking with
their peers and teachers using a common language fostered their mathematical
understanding and created a positive attitude towards mathematical problem-solving.

In summary, most of these studies have shown that group and collaborative
work helps students alter their negative views towards problem-solving into positive
ones. The fact that students can build their knowledge in collaboration with their peers
creates various positive feelings such as motivation, engagement, and a feeling of
control. These positive emotions could lead to the desired change in their attitudes and
beliefs regarding mathematics and mathematical problem-solving.

The teaching of problem-solving strategies and other metacognitive strategies
influences students’ attitudes towards problem-solving tasks positively, leading to more
confidence and feeling in control. These strategies have been shown to provide students
with a feeling of empowerment and competence over problem-solving tasks.

Research has also concluded that technology-enhanced learning positively
affects students’ affective field towards solving non-familiar and challenging problems.
The use of technology had a significant positive effect on students’ motivation,
engagement, and joy. These positive context-bound feelings, upon recurrence, would
lead to positive attitudes and beliefs towards mathematics and mathematical problem-

solving.
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The Meaning Students Assign to a Problem and Problem-Solving

Problem-solving has been a central theme in education for several decades.
Mathematical problems and problem-solving have been defined by many researchers
and many ways over the past 60 years. Mathematics educators and researchers have
perceived mathematical problem solving and defined it as a heuristic process, a logic-
based program, a means of inductive and deductive discovery, a framework for goal-
oriented decision making, methodologies with multiple variables, and a model-eliciting
activity (Yee & Bostic, 2014). However, the way students define problems and
problem-solving is our area of concern.

The way students assign meaning to a problem or define a problem is a part of
their epistemological view that emerges from their learning experiences. Their
definition or meaning is related to their beliefs on problems, and problem-solving that
are built based on their classroom experiences with problems (Callejo & Vila, 2009).
Two kinds of conceptualization of a problem appear in students’ narratives; students
define and assign meaning to problems as an expert, or they provide a “grounded in
practice” meaning (DiMartino, 2018).

Experts describe a problem as a situation in which the solver has gotten stuck,
and the activation of creative and productive thinking is needed (Perkins, 2000). On the
other hand, a grounded in practice definition views a problem as a task of a
stereotypical nature that can be correctly solved using formulas and rules that comes
from rote learning (Sidenvall et al., 2014).

An expert will have sophisticated view towards mathematics and mathematical
problem solving that is consistent with the idea of mathematical problem solving as a

sense-making activity, learning as constructing one’s own knowledge rather than just
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receiving it, and teaching as a facilitating of the learning process instead of simply
showing or telling students what they need to learn (Francisco, 2013). Whereas a
student with the grounded in practice view will be searching for rules and will hold the
belief that problems should be solvable by a distinct rule within a relatively short time
and have only one answer (Jablonka, 2005).

Multiple studies have explored how students view mathematical problem-
solving and the meaning they assign to problems. In this part of the review, we go over

few of these studies and their findings.

Research on the Meaning Students Assign to a Problem and Problem-Solving
Across Teaching/Learning Environments
Conventional Classroom

Di Martino (2018) explored how children change their vision of problems from
kindergarten to upper elementary classes. He interviewed two hundred and eighty-four
Italian students for the study; from kindergarten to grade five. The study showed that
students from kindergarten to grade one, where the word “problem” is not usually
mentioned in the classroom, have viewed, and referred to problems in an auspicious
way; a problem for them was an everyday life problem that they wanted to solve. They
expressed that thinking, trying different ways, collaborating with others, and asking for
help are the ways to solve any problem. Students in grades three to five had a different
vision of what a problem was. For these students, a problem is no longer an everyday
problem that they want to solve, it is a text problem that needs to be solved. The
problem should have a familiar context, one answer, and can be solved using a
mathematical operation. The author concluded that the optimistic view of what a

problem is that kindergarten students adopt changes into a more rigid and stereotypical
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view as they move to upper elementary classes, displaying a deterioration in their
attitude towards problems and problem-solving. Di Martino added that the education
experience that the students are going through at this stage is negatively influencing
their attitude to problem-solving and the meaning they assign to problems.

One hundred grade eight students from the United States, Hong Kong, and
Germany were interviewed to explore the way they attribute meaning to mathematics
classroom activities (Jablonka, 2005). Jablonka discovered commonalities among the
beliefs and attitudes of these students that she attributed to classroom practices. Most of
the students studied math for the mere reason of passing a test, even though they
thought that mathematics involved thinking and using the brain. Most of the students
saw mathematical content as useless and could not be used in everyday situations. The
goal of generating a product was dominant in students’ responses to what learning is;
they all focused on learning how to solve a question or find an answer. Jablonka
concluded that learning as a process was not on the mind of the students, they saw the
importance of learning mathematics and doing it right as a task with expectations and
goals set by their teachers. From the students’ perspective, the teacher provided the
problem, the goals, the tasks and the way of solving them, whereas the students were
supposed to be mentally engaged in finding the solution.

In Wong et al. (2002), 1216 students from grades 3,6,7, and 9 attempted solving
three sets of mathematics problems. These were computational problems, word
problems, and open-ended problems. Two students from each class were then
interviewed individually on their strategies to solve the open-ended problems. The
interviewers asked the students to explain their working procedures for solving the

problems and to give their opinions on these problems. Wong concluded that the
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students were constrained by their faulty beliefs about mathematical problem-solving
when they tackled the open-ended problems. He believed that these constraints were
due to the years of exposure to traditional teaching classroom culture.
Group Work

Stylianides and Stylianides (2014) investigated if a short duration intervention
would have a positively impact students’ problem solving common and
counterproductive beliefs and their assigned meaning to problem-solving. Thirty-nine
university students participated in the study, where they had to work in small groups
followed by a whole classroom discussion on real-life problems that looked unsolvable,
but they were. The problems were designed in a way that they were interesting,
curiosity arousing, and fun. The role of the teacher was to assure the students at the
beginning of the session that the problem was solvable and that solving it was within
their capabilities if they persevered and thought well about it. The teacher provided
scaffolding to a group only when it was needed. The interviews at the end of the study
indicated significant improvement in the way students view problem-solving beliefs
compared to those at the onset of the study. The authors concluded that the students’
whole outlook solving problems was changed; they started looking at problems more
profoundly and in more than one way. Students believed that persevering and working
hard to solve a challenging problem would be satisfying and fulfilling.
Collaborative Work

A study by Francisco (2005) investigated students’ views on mathematical
learning when they work collaboratively to explore patterns, make conjectures, and
justify their reasoning during mathematical work. The students experienced a

constructive approach that put the student at the center of the learning process. The
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longitudinal study followed five students from first grade through high school and
university years. According to Francisco, the interviews at the end of the study revealed
a positive, progressive view on mathematics and mathematics learning. The students
agreed that acquiring mathematical knowledge should not be done through lecturing or
showing and telling, it should be built up by the students themselves. The students
believed that mathematical knowledge should be constructed through arguing and
discussing ideas with peers, which they considered a source of motivation to do
mathematics. Motivation for the students was not a task-related concept; it was more
related to the whole learning process of collaborative work and discovery regardless of
the task itself. Francisco added that the students exhibited sophisticated views about
learning mathematics; they did not distinguish between learning and proofs, they
viewed learning as a discovery process where they argue, negotiate and convince. They
also viewed proofs as an integral part of knowledge acquisition through convincing
arguments.
Collaborative Work with Authentic Problem-Solving

Perrenet and Taconis (2009) explore mathematical problem-solving beliefs from
the students’ perspective in a mixed study. First-year university students had to answer a
questionnaire on precise and metacognitive processes in mathematical problem-solving,
productive aspects of mathematical problem solving, and technical approaches to
mathematical problem-solving. They answered the questionnaire at the beginning of the
first year and at the end of the year. During that year, the students worked in pairs on
authentic open-ended word problems related to their culture. The students’ responses to

the questionnaires showed a significant shift in their views on the meaning of a problem
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and problem-solving, their views became more sophisticated due to the kind of
problems they were exposed to according to the authors.
Real-Life Problem-Solving

In a theoretical and empirical study, Jurdak (2006) contrasted problem-solving
of situated problems in school and the real world from the students’ point of view.
Three experiential word problems were given to 31 of grade twelve science students.
While solving these tasks, the students were asked about their approach to the task's
solution, their opinion of the tasks, and to compare them with school and real-life tasks.
The students expressed that a real-life situation problem differs from the problems they
solved in the study and from classroom problems. They mentioned that they would have
more tools to use in real-life problems, such as the experience of others, logic, and their
point of view. Jurdak concluded that students should be more involved in solving
authentic situated problems to get more meaningful mathematical learning.

In summary, we can say that students' views about mathematical problem-
solving and the meaning they assign to problems are highly influenced by the learning
experience. Students' views could be naive or sophisticated. Their epistemological
beliefs on the nature of knowledge and how it should be acquired would vary depending
on the learning approach and the social contexts in which this learning occurs.

Conclusion

Students, in general, display a range of negative emotions towards problem-
solving; they lack the feelings of security and confidence to tackle word problems with
flexibility and openness. Their beliefs and how they perceive and view the problem-
solving process are mostly faulty, including their expectations that all problems should

be solved in one way and in a short time and that mathematics is not for everyone.
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Solving word problems represents an emotional challenge for students as much as it is a
cognitive challenge.

Many studies have tried to research how classroom teaching/ learning
environments would impact students’ beliefs and emotions, hoping to build on these
environments and reach the state desired by teachers and educators. Researchers also
tried to understand the way students view, define, and relate to problems and problem-
solving and what conditions would affect this relationship. Various contexts such as
collaborative work, teaching problem-solving strategies, and the use of technology have
shown to be promising in most situations. Research suggested that altering the learning
environment will alter the learning experience. Thus, it might alter the students’ affect
towards problem-solving and the meaning they assign to problems and problem-
solving. Researchers require a deeper understanding of the issue to reach an answer that

would present a guide or a clear pathway for educators and decision-makers to follow.
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CHAPTER 3

METHODOLOGY

Research Designs in a Qualitative Meta-Synthesis Study

This study is a qualitative meta-synthesis that synthesizes and interprets findings
across a pool of selected qualitative studies to explore how students negotiate their
affect toward problem-solving and the personal meanings they assign to problem-
solving. Synthesizing a collective body of qualitative studies on a specific topic to
determine common themes provides a richer and more thorough understanding that
might not be possible to achieve from a single study (Finfgeld-Connett, 2018).

Before heading into our design’s details, we find it imperative to distinguish
among qualitative meta-synthesis, a literature review, secondary analysis, and meta-
analysis. A researcher summarizes, critiques, or evaluates a specific area of interest in
qualitative and quantitative studies in a literature review. Literature reviews do not
generate new theories to the existing literature. On the other hand, the secondary
analysis method uses the studies’ raw data as their subject for analysis to come up with
new interpretations based on a new look at data. A meta-analysis is a statistical
procedure that merges a body of quantitative research, collects, aggregates, and
analyzes data to a numerical value to infer a cause-and-effect relationship (Zimmer,
2006).

Several methods were adopted for carrying out qualitative meta-synthesis, such
as meta-ethnography, meta-study, meta-summary, and theory generating meta-synthesis
(Finfgeld-Connett, 2018). Meta-ethnography was the first method to be developed in

qualitative meta-synthesis. Noblet and Hare developed meta-ethnography in the late
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eighties. They targeted the field of social sciences, aiming to synthesize findings from
primary qualitative research in a systematic, cross-comparative, inductive, and
interpretive way to create a more comprehensive and holistic interpretation of individual
qualitative research findings (Noblet & Hare, 1988). Meta-study is another method to
conduct qualitative meta-synthesis, which analyzes primary research results and reflects
on the perspectives and processes involved in that primary research. Meta-study
employs critical examination of the primary research's theory, method, and data to
culminate in a synthesis that generates new knowledge (Paterson et al., 2001).
Qualitative research synthesis is the third approach used to tackle qualitative meta-
synthesis. An approach grounded in methodology and rigorous, the qualitative research
approach extracts the meaning from primary research at a higher level by combining
them into a new whole. Information from primary research is aggregated and interpreted
to present a comprehensive view of the knowledge contained in multiple individual
research (Major & Savin, 2010).

Sandelowski et al. (2007) developed the meta-summary approach to meta-
synthesis. Meta-summary is an approach that is a quantitatively oriented aggregation
approach to synthesis. However, it lends itself convenient and workable for qualitative
research where the studies are survey-based, or the findings are summaries of the data in
primary studies. Meta-summary sums up data of primary research and filters it to
conclude. (Sandelowski et al., 2007).

Finfgeld-Connett (2010) developed the theory-generating qualitative meta-
synthesis approach. The approach is based on grounded formal theory research methods
and situated within the qualitative research paradigm (Corbin & Strauss, 2008). Theory-

generating meta-synthesis analyzes and interprets the data from the findings of multiple
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heterogeneous primary research studies. Data from the findings are coded and
categorized to extract a theme and a generalizable theory from the findings of the
primary research studies. Results from theory-generating meta-synthesis go beyond
summing and aggregating previous research findings; these results amount to a newly
synthesized theory that could support decision-making and applicability of findings
(Finfgeld-Connett, 2018).

Quialitative meta-synthesis emerged in health sciences and gained a growing
interest in the broad field of education (Au, 2007; Cobb et al., 2009); nevertheless, it
later found its way to the mathematics education field. Very few qualitative meta-
synthesis studies are available in mathematics education. Their meta-synthesis
approaches are based on the grounded formal theory or thematic and content analysis,
where primary research findings represent the meta-synthesis subjects (Thomas &
Berry, 2019; Thunder & Berry, 2016).

This study utilizes theory-generating approaches to qualitative meta-synthesis
based on the grounded formal theory (Finfgeld-Connett, 2018). The grounded theory
methodology has its roots in interpretivism, the philosophical view that revolves around
the way people make sense and meaning of their reality, a look that aligns with the
questions of this study. The grounded theory provides a comprehensive framework that
enables the researcher to understand and explain what is happening by coding,
categorizing, constant comparison, coming up with a theme, and generating a well-
founded theory (McCann& Polacsek, 2018).

Elements of Qualitative Meta-synthesis
After identifying our research question, the qualitative meta-synthesis approach

includes the following steps:
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1. Carry on a comprehensive search for articles.

2. Select initial relevant articles.

3. Appraise the quality of the selected studies.

4. Code data from the findings of the selected articles. By reading and re-reading
and identifying and labeling segments of a text containing an idea or concept
(called code) that are relevant to the research questions.

5. Generate categories by grouping codes into categories that deal with similar
ideas through the researcher’s reflective analysis.

6. Generate themes by reflecting on the categories to generate more general
themes.

7. Describe and interpret themes through labeling, describing, interpreting, and
exemplifying the emerging themes.

8. Synthesize findings from successfully appraised studies.

The Initial Selection of the Articles

We started searching using the American University of Beirut digital library to
search the following databases:

1. ERIC

2. Academic Search Ultimate

3. Educational Research Complete
The search was restricted to the following parameters:

1. The year 2000 onwards.

2. Peer-reviewed journal articles.

3. Mathematics education discipline.
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The first step in choosing articles was to decide on the relevance of an article based
on its title; the second step was reading the abstract. Most of the articles were
quantitative studies; qualitative studies were rare; thus, we changed the search to studies
published from 1990 onwards. Few articles were selected based on their abstracts
before another round of search that targeted the databases of a few mathematical
journals. We ran a search within the following journals due to their known credibility
and relevance:

1. International Journal on Mathematics Education (ZDM)

2. Journal of Mathematical Behavior

3. Journal of Educational Studies in Mathematics

We used the search term “students’ affect in problem-solving,” which did not
yield enough studies that meet the search criteria. Therefore, we added “emotions and

29 ¢¢

problem solving,” “students’ attitudes and problem-solving,” and “students’ beliefs and
problem-solving.” A total of 24 studies were selected that met the initial search criteria.
The inclusion criteria were:

1. Qualitative or mixed studies (methodological parameter)

2. Published 1990 onwards (temporal parameter)
3. Targeted students (population parameter).
Appraisal of Selected Articles
A quality appraisal of the individual studies was performed to finalize the
selection process. Another appraisal for the journals in which the articles were
published was done. The initial inclusion and exclusion criteria were based on our meta-
synthesis topic, population, temporal, and methodological parameters for our study, but

every good quality qualitative research study should include basic elements. So, it is
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essential to check the quality of these elements, such as research problem and purpose,
data collection techniques, data analysis, and report of findings, in addition to
implications and conclusions (Thunder & Berry, 2016).

To appraise the quality of the journals from which our articles were extracted,
we used the “Scientific Journals Ranking” (Scimago Journal & Country Rank, n.d.).
SJR is a portal that ranks journals by their scientific influence based on the number of
citations they receive from other journals and the importance of citing journals. Twenty-
one out of the twenty-four articles we selected passed the SJR appraisal from the first
quartile journals (Q1), the highest rank in the system. Our next step was to appraise the
articles individually.

Individual appraisal of the twenty-one articles followed the recommendations of
Finfgeld-Connett (2018). We used the “Critical Appraisal Skills Program Checklist”
(CASP, 2018) for qualitative studies, which is usually used to help researchers examine
research studies for quality, trustworthiness, and potential inclusion in a qualitative
meta-synthesis. CASP requires a qualitative study to address the following issues:

Q1) Was there a clear statement of the aims of the research?

Q2) Is a qualitative methodology appropriate?

Q3) Was the research design appropriate to the aims of the research?

Q4) Was the recruitment strategy appropriate to the aims of the research?
Q5) Was the data collected in a way that addressed the research issue?

Q6) Has the relationship between researcher and participants been adequately
considered?

Q7) Have ethical issues been taken into consideration?

Q8) Was the data analysis sufficiently rigorous?
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Q9) Is there a clear statement of findings?
Q10) How valuable is the research?

Table 1 shows that 21 of the 24 journal articles met the CASP and SJR criteria
and hence qualified for our meta-synthesis.

Table 1

SJR and CAPS Appraisal

The study CASP SJR

appraised Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 QI

Andersson, + + + + + 0 + + + + Q1
A etl.
(2015).

Bray, A., & + + + + + 0 + + + + Q1
Tangney, B.
(2015).

Di Martino, + + + + + 0 + + + T Q1
P. (2018).

Francisco, J. + + + + + 0 + + + + Q1
M. (2005)

Higgins, K. + + + + + 0 + + + + Q1
M. (1997).

Hino, K. + + + + + 0 + + + + Q1
(2015).

Jablonka, E. + + + + + 0 + + + T Q1
(2005).

Jader, J. et + + + + + 0 + + + + Q1
al. (2016).

Ju, M.-K,, & + + + + + 0 + + + + Q1
Kwon, O. N.
(2007).

Jurdak, E. + + + + + 0 + + + + Q1
M. (2006)

Lerch, C. M. + + + + + 0 + + + + Q1
(2004).

Lynch, K., + + + + + 0 + + + + Q1
& Star, J. R.
(2014).

Martinez- + + + + + 0 + + T T Q1
Sierra, G., &

Garcia-

Gonzalez,

M. D. S.

(2015).

Moyer, J. et + + + + + 0 + + + + Q1
al. (2018).

Perrenet, J. + + + + + 0 + + + + Q1
& Taconis,
R. (2009)
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Qaisar, S. et
al. (2015)

Satyam, V.
R. (2020).

Schindler,
M., &
Bakker, A.
(2020).

Stylianides,
A, &

Stylianides,
G. J. (2014).

Wong, N. et
al. (2002)

Yusof, Y. B.

M. & Tall,
D. (1998).

Note. SJR quartile and Critical Appraisal Skills Programme (CASP) questions scoring:

Yes =+, Can’t Tell =0, No =-

Selected Studies Based on Appraisal

The quality appraisal of the articles yielded 21 studies that qualified for our

meta-synthesis as shown in Table 2. The articles addressed our research questions on

how students negotiate their affect with problem-solving and the meaning they assign to

problems.

Table 2

Post Appraisal Selected Articles

Articles that addressed
students’ affect toward
problem solving

Articles that addressed
meaning students assign
to problem solving

Articles that addressed
both questions

Andersson, A., Valero, P., &
Meaney, T. (2015).

Bray, A., & Tangney, B. (2015).
Jader, J., Sidenvall, J., &
Sumpter, L. (2016).

Ju, M.-K., & Kwon, O. N.

(2007).

Lynch, K., & Star, J. R. (2014).
Martinez-Sierra, G., & Garcia-
Gonzalez, M. D. S. (2015).

Jablonka, E. (2005).

Francisco, J. M. (2005).

Jurdak, E. M. (2006)
Stylianides, A. J., & Stylianides,
G. J. (2014).

Di Martino, P. (2018).

Higgins, K. M. (1997).

Hino, K. (2015).

Lerch, C. M. (2004).

Perrenet, J. & Taconis, R. (2009)
Wong, N. et al. (2002)
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Moyer, J. C,,

Robison, V., &

Cai, J. (2018).

Qaisar, S., Dilshad, M., & Butt,

I. H. (2015).

Satyam, V. R. (2020).
Schindler, M., & Bakker, A.

(2020).

Yusof, Y. B.

(1998).

M. & Tall, D.

The individual appraisal of the articles helped our research questions emerge.

Examining the articles revealed trends, commonalities, and differences in the studies;

these factors led to refining the research questions. The articles selected varied in the

teaching/learning environments that the students experienced, in the educational levels

they targeted, and varied in educational systems that framed their studies. Therefore, we

categorized our articles across three domains that match our research question:

classroom environments (Table 3), educational levels (Table 4), and educational

systems (Table 5).

Table 3

Studies across Classroom Environments

Conventional Group Collaborative  Technology Collaborative

classroom work work with work with

environment collaborative  teaching
work / real- strategies
life PS

Affect Andersson, A.,  Ju, M.-K., Qaisar, S., Bray, A., & Lynch, K., &

Valero, P., & & Kwon, O. Dilshad, M., &  Tangney, B. Star, J. R.

Meaney, T. N. (2007). Butt, I. H. (2015). (2014).

(2015). Andersson,  (2015). Higgins, K. M.

Di Martino, P. A. etal. Schindler, M., & (1997).

(2018). (2015). Bakker, A.

Higgins, K. M. Satyam, V.  (2020).

(1997). R. (2020). Yusof, Y. B. M.

Jader, J., Hino, K. & Tall, D.

Sidenvall, J., &  (2015). (1998).

Sumpter, L. Francisco, J. M.

(2016). (2005).

Lerch, C. M.

(2004).

Martinez-Sierra,

G., & Garcia-
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Gonzalez, M. D.

S. (2015).
Moyer, J. C. et
al. (2018).
Qaisar, S.,
Dilshad, M., &
Butt, I. H.
(2015).
Schindler, M.,
& Bakker, A.
(2020).
Wong, N. et al.
(2002)
Yusof, Y. B. M.
& Tall, D.
(1998).
Meaning Jablonka, E. Hino, K. Francisco, J. M. Jurdak, E. M. Higgins, K. M.
(2005). (2015). (2005). (2006). (1997
Di Martino, P. Stylianides, Perrenet, J. &
(2018). Al, & Taconis, R.
Wong, N.etal.  Stylianides, (2009)
(2002) G.J.
Stylianides, A. (2014).
J, &
Stylianides, G.
J. (2014).
Lerch, C. M.
(2004).
Table 4
Studies across Grade Levels
Primary level Middle school High school University
Affect Higgins, K. M. (1997). Moyer, J. C,, Andersson, A.et  Ju, M.-K,, &
Qaisar, S., Dilshad, M.,  Robison, V., & Cai, J. al. (2015). Kwon, O. N.
& Butt, I. H. (2015). (2018). Bray, A., & (2007).
Hino, K. (2015). Tangney, B. Lerch, C. M.
(2015). (2004).
Jéader, J. et al. Martinez-
(2016). Sierra, G., &
Lynch, K., & Garcia-
Star, J. R. (2014). Gonzalez, M.
Schindler, M., & D.S. (2015).
Bakker, A. Satyam, V. R.
(2020). (2020).
Francisco, J. M. Yusof, Y. B. M.
(2005 & Tall, D.
(1998).
Stylianides, A.
J, &
Stylianides, G.
J. (2014).
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Meaning Di Martino, P. (2018).

Hino, K. (2015).

Francisco, J. M.

Stylianides, A.

Jablonka, E. (2005).  (2005). I, &
Wong, N. et al. Jurdak, E. M. Stylianides, G.
(2002) (2006). J. (2014).
Perrenet, J. &
Taconis, R.
(2009)
Table 5
Studies across Educational Systems
U. S. A and south American  European Asian and
educational system educational systems  Australian

educational systems

Affect Higgins, K. M. (1997). Andersson, A., Valero, Ju, M.-K., & Kwon, O.
Lerch, C. M. (2004). P., & Meaney, T. N. (2007).
Lynch, K., & Star, J. R. (2014). (2015). Qaisar, S., Dilshad, M.,
Martinez-Sierra, G., & Garcia- Bray, A., & Tangney, & Butt, 1. H. (2015).
Gonzélez, M. D. S. (2015). B. (2015). Yusof, Y.B. M. &
Moyer, J. C., Robison, V., & Cai,  Jader, J., Sidenvall, J.,  Tall, D. (1998).
J. (2018). & Sumpter, L. (2016).  Hino, K. (2015).
Satyam, V. R. (2020). Schindler, M., &
Francisco, J. M. (2005). Bakker, A. (2020).
Stylianides, A. J., & Stylianides,
G. J. (2014).

Meaning Francisco, J. M. (2005). Di Martino, P. (2018).  Jablonka, E. (2005).

Stylianides, A. J., & Stylianides,
G. J. (2014).

Perrenet, J. & Taconis,
R. (2009)

Hino, K. (2015).
Jurdak, E. M. (2006).
Wong, N. et al. (2002)

Data Analysis

To analyze our data, we used the grounded theory. The grounded theory came

into existence with Glaser and Strauss's book "The Discovery of Grounded Theory:

Strategies for Qualitative Research™ (1967). Their groundbreaking work explained how

theory could be generated from data inductively and iteratively. When using the

grounded theory, data are collected, then coded and categorized in a continuous iterative

process that moves toward saturation and results in themes that constitute a theory

grounded in the data.
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This qualitative meta-synthesis uses the grounded theory to analyze data
extracted from the twenty-one selected articles. The articles' findings represented the
raw data for analysis; they were our source of information; all article's findings
represented a subject for our meta-synthesis.

As mentioned earlier, our analysis started with coding; we identified and labeled
segments of a text containing ideas or concepts (called code) relevant to the research
questions by reading and re-reading the text, using constant comparison as we moved
across subsequent texts. Then the codes were grouped into categories that dealt with
similar ideas through the researcher's reflective analysis, and finally, by reflecting on
the categories, more general themes emerged. Themes were interpreted to generate a
theory. An example showing how theme one emerged from the data is provided in the
appendix of this thesis.

Each of our twenty-one articles was coded individually. Coding filtered data and
classified them to give us a grip for making comparisons with other data segments; we
studied each article's findings and began to separate, sort, and synthesize these data
through qualitative coding.

After coding all our articles separately, we used constant comparison to answer
each research question by conducting a qualitative analysis of the corresponding set of
articles, as shown in Table 6.

Table 6

Set of Articles Analyzed

Research question Set of articles
Meaning of problem solving
1) How do students negotiate their Articles on students’ meaning of
meaning of problem solving? problem solving
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1a) How do students negotiate their
meaning of problem-solving
across alternative teaching and

learning classroom environments?

Articles on students’ meaning across
alternative classroom environment

1b) How do students negotiate their
meaning of problem-solving
across educational levels?

Articles on students’ meaning across
educational levels

1c) How do students negotiate their
meaning of problem-solving
across educational systems?

Articles on students’ meaning across
educational systems

Affect towards problem solving

2) How do students negotiate their
affective relationship with
problem-solving?

Articles on students’ affective
relationship with problem-solving

2a) How do students negotiate their
affective relationship with

problem-solving across alternative

teaching and learning classroom
environments?

Articles on affect across alternative
classroom environment

2b) How do students negotiate their
affective relationship with
problem-solving across
educational levels?

Articles on affect across educational
levels

2¢) How do students negotiate their
affective relationship with
problem-solving across
educational systems?

Articles on affect across educational
systems

The resulting themes from these analyses were discussed, compared, and
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CHAPTER 4

RESULTS

This section has three parts. The first part is on students’ negotiation of the
meaning of a problem, the second part is on student’s negotiation of the meaning of
problem solving, and the third part is on students’ negotiation of their emotions towards
problem-solving

Students’ Negotiation of the Meaning of a Problem

Upon analyzing the findings of the qualitative studies to answer our question on
how students negotiate the meaning of a problem, three themes have emerged.

1. Students’ negotiation of the meaning of a problem across learning

environments.

2. Students’ negotiation of the meaning of a problem across grade levels.

3. Students’ negotiation of the meaning of a problem across educational

systems.

Theme Related to Students’ Negotiation of the Meaning of a Problem across

Learning Environments

Our analysis of journal articles that dealt with students’ view of a problem
suggests that when students experience alternative learning environments characterized
by individual/collaborative work, as contrasted to a status quo whole-class learning
environment, they negotiate their meaning of a problem. The students display a shift in
the way they view a problem. In status quo learning environments students view a
problem as a closed, narrow-focused narrative posed by a textbook or a teacher in a

familiar context and asking for a numerical answer; whereas in alternative learning
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environments, students start to view the problem as an open and broad-focused
narrative that may be non-routine, in a non-familiar context, that may require thinking
and analyzing the data to resolve the issue posed in the narrative.
Status Quo Learning Environments

Students experiencing status quo learning environments displayed a closed and
narrow-focused view of a problem in mathematics. The attributes for a task to be
considered a problem include a textbook or a teacher posing this problem. It is posed in
a familiar context and asks for a numerical answer. In addition to the fact that the
students characterize what tasks they would view as problems, they also exclude any
task that does not meet their criteria. For example, proofs in geometry, tasks posed in
non-familiar contexts or have non-routine content, issues that they identify while
learning mathematics are not viewed as problems. Similarly, tasks that do not include
all the information needed for a solution or have extra information, tasks that ask for
non-numerical answers, and tasks that do not require calculation are not considered
problems.

The quotes in Table 4.1 (status quo studies) that illustrates the students’ meaning
of a problem in status quo learning environments, come from five qualitative studies.

Status Quo Learning Environments Studies. DiMartino (2019) collected
interview data from 284 students from kindergarten, grades one, three, and five in the
forms of oral and written interviews. Teachers asked students to define and explain
what a “problem" means, requiring them to provide examples of a problem and
suggestions on how they would solve a problem.

In Wong et al. (2002), 1216 students from grades 3,6,7 and 9 attempted solving

three sets of mathematics problems. These were computational problems, word
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problems, and open-ended problems. Two students from each class were then

interviewed individually on the strategies they used to solve the open-ended problems.

The interviewers asked the students to explain their working procedures for solving the

problems and give their opinions regarding these problems.

Table 7

Student's Negotiation of the Meaning of a Problem across Learning

Article

Quotes

Status-quo Studies

DiMartino (2019)

“For me, a problem is a text with some data”. (p.303).
“A problem is a text, with a familiar context and a final
guestion.” (p.301).

Wong et al. (2002)

“Some even suggested that those [problems]that needed
explanations were not mathematics, “as they do not involve
numbers” (p. 33).

“They did not take our non-routine problems as mathematics,
since they were not calculable, did not involve numbers, and
involved decision-making.” (p. 31).

Jablonka (2005)

A student: “actually, all problems are equations.” (p.375)

Stylianides & Stylianides (2014)

“The Problem included information that had nothing to do
with numbers or mathematics it did not include an equation, it
read like a riddle.” (p. 21).

“Did not follow the typical format in which the givens are
offered first, and a question follows.” (p.26)

Lerch (2004)

“I don’t understand the way the problem is set up... If they just
came right out and said it, I think it would be much easier than
putting it in a whole paragraph form.” (p.32)

Collaborative work studies

Francisco (2005)

“Brian emphasized the importance of coverage of ideas in-depth
... which help get to the “the full meaning of the problem”
(p.62).

“I understand a lot better the whole concept behind each
problem.” (p.56).

Stylianides & Stylianides (2014)

“Beth said that the problem gave [her] a new sense of looking
at word problems in terms of what kind of information is
necessary to have in a problem or how this information can be
presented.” (p. 24),

“She [the student] added that the problem was challenging and,
although initially she thought it had nothing to do with
mathematics, after some thinking she realized it was indeed a
mathematical problem.” (p. 26).

Higgins (1997)

“7 of these students informed me that their teachers did give
them impossible problems to work on. They claimed that it was
all right because the problems made them think hard and that
one learns by working on such problems.” (p.19),

Perrenet & Taconis (2009)

“At school the problems were of a type where a precise answer
was possible. In the real world a precise answer is almost
impossible” (p.191),
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The open-ended problems had some problems with irrelevant information, allow
more than one solution, allow multiple methods or different interpretations, and need
judgment. The open-ended problems were very different from what the students used to
encounter in their daily status quo classroom environment.

In Jablonka (2014), the qualitative study followed ten consecutive mathematics
lessons in six classrooms; the lessons were videotaped in a status quo classroom
environment and documented for data collection. In addition to videotaping the lessons,
some of the students provided feedback and comments after each lesson. One hundred
nine students from six classrooms took part in the interviews about how they engage in
mathematics at school, the meaning they assign to specific mathematical topics and
mathematics in general, and their feelings during mathematics lessons.

Stylianides and Stylianides (2014), and to help expand the students’ view about
the nature or importance of different kinds of referents in mathematical problems,
presented 39 students with an unfamiliar problem to solve. The problem was supposed
to appear to the students as unsolvable. However, the problem was solvable and within
their capabilities if they try hard. The problem included few numbers that seemed to
offer insufficient information for its solution. The students needed to consider other
kinds of data than numbers to be able to solve the problem. The researchers asked the
students to describe their initial reaction upon reading the problem and explain whether
the problem was different from other problems they encountered in their mathematics
classes.

In the study by Lerch (2004), the researchers assigned both routine (textbook)
and non-routine (recreational mathematics) problems for four students to solve. The

students were supposed to talk out loud and tape their comments on their thinking
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process as they solved these problems. The students worked on these problems outside
of class, with no restrictions on with whom they worked. They used their existing
mathematical knowledge to solve the problems using whichever methods they preferred
and spending no more than twenty minutes on any problem.

Alternative Learning Environments

As students experience alternative classroom environments characterized by
collaborative work or collaborative work with heuristics or with authentic problem
solving, they adopt a new view to the meaning of a problem and develop a new sense of
looking at a word problem. Students accept that a problem is like problems they face in
the real world. It could be non-routine, unfamiliar, and not necessarily like what they
are used to encounter, occurring in a non-familiar context. A problem could be
challenging, with the information presented in different ways and with many possible
answers, like real-world problems. A problem has a meaning behind it, which requires
understanding. They view that thinking is required when facing a problem to understand
the concept behind it, and this thinking leads to learning and resolving the problem

The quotes in Table 4.1 (collaborative work learning environments studies) that
illustrate the students’ meaning of a problem in collaborative work learning
environments, come from five qualitative studies.

Collaborative Work Learning Environment. Collaborative work took place
across different classroom environments; these environments are explained below
providing the context of each of the studies.

Collaborative Work. Francisco's (2005) study explored the students’ views on
mathematics learning from different angles of a group of five high school students who

were a part of a 12year long longitudinal study. The students were interviewed at the
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end of the study to talk about their mathematical experiences. These students learned
and experienced mathematics under research conditions consistent with a constructivist
approach to mathematical learning in which collaborative work played a significant
role.

Stylianides & Stylianides (2014), and after they presented their students with the
unfamiliar "Problem "mentioned earlier, they were prompted to think about it
differently. The teacher assured the students that the Problem was solvable and
encouraged them to think about all the information the Problem offered. The teacher
asked to work on the "Problem™ individually and then in small groups. Members of the
same group worked collaboratively and shared responsibility for completing the
assigned task. Each small group member was expected to explain to the rest of the class
the solution reached by the small group during a whole classroom discussion. Then the
students were asked to write down and describe their experience with working on the
Problem.

Collaborative Work with Heuristics. Higgins (1997) had two groups of
students, the heuristics, and the non-heuristics. Teachers of the heuristic students
attended a 3-week training session. The training involved immersing the teachers in
mathematical problem-solving and providing them with specific training on the nature
of the problem-solving teaching, which they were to apply with their students. The
heuristic teachers taught five problem-solving skills at the beginning of the school year
to their students: guess and check, look for a pattern, make a systematic list, make a
drawing or model, and eliminate possibilities. The teachers taught the skills using direct
instruction. Students worked on solving routine and non-routine problems individually

and collaboratively.
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The non-heuristic teachers had not received any formal training in mathematical
problem-solving and did not use an instructional approach to teach problem solving.
The non-heuristics students experienced few problem-solving strategies that were
scattered throughout the textbooks with little emphasis on problem-solving strategies
instruction, thus experiencing a status quo learning environment in comparison to the
heuristic group. To assess these students’ problem-solving processes, the author
interviewed both groups of students individually at the end of the intervention. The
students talked about memories of the mathematic classes that were taught, what
problem-solving means to them, their attitudes toward different types of problems in
mathematics, and their ability to solve nonroutine mathematical problems.

Collaborative Work with Authentic Problem Solving. Perrenet & Taconis
(2009) investigated mathematical problem-solving beliefs and behavior from the
students' perspective in a mixed study. First-year university students had to answer a
questionnaire on precise and metacognitive processes in mathematical problem-solving,
productive aspects of mathematical problem solving, technical approach to
mathematical problem-solving at the start of the first year. They answered the same
questionnaire at the end of their bachelor's program. The students then compared their
answers to the two questionnaires and noted any shift in their views. The students
explained the shift in their views, providing reasons about what might have caused it.
The curriculum used during those university years reflected the local mathematical
culture and included a series of authentic mathematical modeling projects that the
students worked on in pairs; the open-ended problems were posed in a non-

mathematical language.
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Theme Related to Students’ Negotiation of the Meaning of a Problem across Grade
Levels

As students move across grade levels and get exposed to formal mathematics
education, they negotiate their assigned meaning to a problem, from an issue that they
can resolve and that they need to resolve, into a textual and mathematical structure that
has specific characteristics.

Kindergarten and elementary

Kindergarten children view a problem as an issue that needs to be solved, and
they want to resolve it, even if they are unable to do that initially. The problem is a daily
real-life situation such as having a fever or a broken washing machine with no clean
clothes, losing a tooth and cannot find it, or not being able to open a doorknob.

Once the term “problem” is formally introduced at the elementary grade level in
the mathematics curriculum, we notice a shift in the way students define a problem. The
problem stops to be an issue that they want to resolve, it becomes as something that
they must solve. For these students, a problem is a text with data in a familiar context
and has a final question. The question posed by a problem has a unique answer.
Elementary students do not consider non-numerical problems as mathematical
problems. The non-routine problems that need explanation, do not involve numbers, are
nor calculable and involve decision making and thinking are excluded from their
definition of a problem. The quotes in Table 4.2 (kindergarten and elementary levels
studies) that illustrates the students’ meaning of a problem at kindergarten and

elementary levels, come from six qualitative studies.
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Table 8

Students' Negotiation of the Meaning of a Problem across Grade Levels

Acrticle Quotes
Kindergarten and elementary levels studies
DiMartino “the majority of the students characterize a problem as something that can be
(2019) solved and they want to solve, but—at least initially—they are not able to solve.”
(p. 300).
“A problem is when I cannot open the door because | cannot reach the doorknob.”
(p. 300).
“The washing machine is broken, and I have got no clean clothes”, (p.300),
“I have fever.” (p.300),
DiMartino “A problem is a text, with a familiar context and a final question. The question
(2019) has a unique numerical answer.” (p.301)
“a problem is no longer characterized as something that students want to solve but
as something that must be solved” (p.301)
Wong et al. “Some [students]even suggested that those [problems]that needed explanations
(2002) were not mathematics, “as they do not involve numbers” (p. 33).

“they did not take our non-routine problems as mathematics, since they were not
calculable, did not involve numbers, and involved decision-making.” (p. 31).

Middle School level studies

Jablonka (2015)

A student’s comment “actually, all problems are equations.” (p.375).

Wong et al.
(2002)

“I feel these problems are like composition rather than mathematics” (p.35).
be “some felt that these non-routine problems were more challenging while
others “don’t like these problems as they do not follow a fixed rule [for solution]”

(p.34)

Higgins (1997)

“Three of the non-heuristic students also said that problem solving involved words
and numbers, not just numbers” (p.16).

High school level study

Wong et al. “These problems involve real life situations [rather than mathematics], not asking
(2002) for a definite answer” (p.33).
“This question looks like logical reasoning more than mathematics...logical
reasoning involves words more, and for math, all are numbers.” (p.31)
University level studies
Stylianides & “It [the problem] differs from other problems because the last clue has nothing to
Stylianides do with numbers and math.” (p. 22),
(2014) “When I first saw it [the problem/, I thought it was a joke” (p.25).

“The Problem included information that had nothing to do with numbers or
mathematics it did not include an equation, it read like a riddle.” (p. 21).

Lerch (2004)

“I don’t understand the way the problem is set up... If they just came right out and
said it, | think it would be much easier than putting it in a whole paragraph
form.” (p.32)

Middle school

At middle school, students view all mathematical problems as equation. They

view challenging non-routine problems that don not follow fixed rules for solving as

composition rather than mathematical problems. They do not like these problems as
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well. The middle school students consider that a problem is what involves words and
numbers and not just numbers. The quotes in Table 4.2 (middle school level studies)
that illustrates the students’ meaning of a problem at middle school level, come from
three qualitative studies.
High School

When students move to high school, the meaning they assign to a problem is not
much different; a problem still has specific characteristics; otherwise, it is not a part of
mathematics. A "problem™ to high school students should involve numbers rather than
real-life situations and ask for a specific answer. An open-ended problem that does not
entail numbers is not a mathematical problem; the students see that it belongs to logical
reasoning labeling rather than mathematics. The open-ended problem has more words,
whereas it should have numbers instead. The quotes in Table 4.2 (high school level
study) that illustrates the students’ meaning of a problem at high school level, come
from one qualitative study.
University Level

Even at the university level, the shift continues. Students still hold a similar
view of their colleagues on what a problem is. An unfamiliar problem that is different
from problems students have seen before and does not have enough numbers and does
not include an equation is not considered a problem. The students see it as a riddle or a
joke by the students. The students would not welcome a problem written in the form of
a paragraph; they would prefer a problem to be set or asked directly and clearly. The
quotes in Table 4.2 (university level studies) that illustrates the students’ meaning of a

problem at university level, come from six two studies.
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Theme Related to Students’ Negotiation of the Meaning of a Problem across

Educational Systems

Students across American, Hong Kong, and Italian educational systems adopt
similar views on the meaning of a problem. A problem should be “mathematical” in
nature, based on a text with data and numbers to be combined to reach a solution.
Italy

Italian students viewed a problem as a text with a familiar context, numerical
data, and a final question. The given data is to help answer the problem through some
mathematical operations.

Table 9

Student's Negotiation of the Meaning of a Problem across Educational Systems

Acrticle Quotes
Italy study
DiMartino (2019) “For me, a problem is a text with some data. These data have to be used with

some operations to answer the written questions” (p.303).
“A problem is a text, with a familiar context and a final question.” (p.301).

Hong Kong study

Wong et al. (2002) “Some even suggested that those [problems]that needed explanations were
not mathematics, “as they do not involve numbers” (p. 33).
“They did not take our non-routine problems as mathematics, since they were
not calculable, did not involve numbers, and involved decision-making.” (p.
31).
“Most [routine] problems in textbooks involve calculations and these [non-
routine] problems involve thinking” (p.32)

USA studies

Stylianides & When | first saw it, | thought it was a joke” (p.25).,

Stylianides (2014) “Blond hair and addresses [problem/ has nothing to do with Math” (p.22).
“According to the students, the Problem included information that had
nothing to do with numbers or mathematics it did not include an equation, it
read like a riddle.” (p. 21).

“She noted that the Problem was not a typical mathematics problem, ...and
did not follow the typical format in which the givens are offered first, and a
question follows.” (p.26)

Lerch (2004) “I don’t understand the way the problem is set up... If they just came right
out and said it, I think it would be much easier than putting it in a whole
paragraph form.” (p.32)
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Hong Kong

The Chinese students view the problem as a mathematical entity that should
involve numbers and calculation. A non-routine problem that does not involve numbers
and requires thinking will not fit their criteria for what a problem is. Most problems in
textbooks involve calculations and do not involve much thinking or decision making.
The quotes in Table 4.3 that illustrates the students’ views of a problem in Italy, China
and USA studies, come from four qualitative studies that addressed this issue.
The USA

USA students shared similar views on the meaning of a problem; for them, a
problem involves numerical mathematical data, follows a typical format, and has all the
numerical information necessary to solve it. A problem is supposed to be set up clearly
rather than a paragraph or a story that looks like a riddle or a joke.

Students’ Negotiation of the Meaning of Problem-Solving

Upon analyzing the findings of the qualitative studies to answer our question on
how students negotiate the meaning of problem solving, three themes have emerged.

1. Students’ negotiation of the meaning of problem-solving across learning

environments.
2. Students’ negotiation of the meaning of problem-solving across grade levels.
3. Students’ negotiation of the meaning of problem-solving across educational

systems.

Theme Related to Students’ Negotiation of the Meaning of Problem-Solving across

Classroom Learning Environments
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The analysis of the studies regarding the view of students on problem-solving as
a process revealed that as students experience alternative learning environments,
characterized by collaborative work, multiple solutions with scaffolding, multiple
strategies and authentic problem-solving in contrast to a status quo learning
environment, they negotiate and shift their view on the process of problem-solving.
They shift their view from a text and data-based view where solving a problem is a
matter of using rules into a view where problem solving entails cooperation in work,
discussion of solutions, thinking and perseverance
Status-Quo Classroom Environment

Students in a status quo learning environment revealed a closed and narrow-
focused view on the process of problem-solving in mathematics. For the process of
problem-solving to be carried, there are specific characteristics and criteria to be met.
These characteristics affirm that a problem is solved in one correct way, using standard
recipes and applications such as sets of rules, formulas, and algorithms. The information
given in the problem must be sufficient for solving the problem, entailing words and
numbers. The numbers are combined using some mathematical operations such as
addition and subtraction to reach a single solution for the problem. A problem must be
solved using a step-by-step procedure in one try, and this is done in a short time frame.
Any problem whose elements do not satisfy these assigned characteristics will be
deemed unsolvable.

The quotes in Table 4.4 (status quo studies) that illustrates the students’ views of
a problem-solving in a status quo learning environment, come from nine qualitative
studies that addressed this issue. The paragraphs below provide the context of each of

the studies that are quoted in Table 4.4.
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The contexts of the studies by DiMartino (2019), Higgins (1997), Jablonka

(2014), Lerch (2004), Perrenet & Taconis (2009), Stylianides & Stylianides (2014), and

Wong et al. (2002) were discussed earlier, in these studies the students were

interviewed in a status quo or pre-intervention classroom environment.

Table 10

Students’ Negotiation of the Meaning of Problem-Solving across Status Quo Learning

Environments

Article

Quotes

Status quo learning environments studies

DiMartino (2019)

“A mathematical problem can always be solved, and it has only one solution,
which should be reached in a single correct way” (p.302).

Hino (2015)

“During individual problem solving, students usually used one or two methods
to get the answer.” (p.133).

Wong et al. (2002)

“Each mathematics [problem] has only one solution” (p.33).

“Every problem in the mathematics classroom has a unique answer, has only
one way of tackling and can be solved within minutes” (p.41),

“Jot down the numbers in the question. Then read through the question to see
how I can tackle it, e.g., +, —, and thus I get the answer” (p. 36),

Higgins (1997)

“The most common responses from the non-heuristic students were “just solving
a problem” or “finding an answer when you add, subtract, multiply, or divide
the two numbers” (p.16).

“I would only work on a problem for 2-3 minutes because your brain swells if
you concentrate too long.” (p.18)

Jablonka (2005)

“Classical algebraic text problems for setting up equations are introduced
together with “steps” for solving these problems.” (p. 376),

“...students recognize mathematics by the use of terminology and content and
perceive mathematics as a set of rules .... when dealing with “word problems
...the students appreciate this form of representation and otherwise feel lost.”
(p.377).

Jurdak (2006)

“Different from school tasks” (p. 292)

"In classroom math, the teacher asked questions that were applications of
already memorized formulas™ (p.293)

"In class we have to stick to one way of solving a problem™" (p.293)

Lerch (2004)

“The students applied general arithmetic procedures, supporting the belief that
there is a step-by-step procedure to solve any problem situation” (p.31).
“Students are well conditioned to view problems as solvable in a short time
frame.” (p.31)

Perrenet &
Taconis (2009)

“The mathematics problems I met at school came up within the context of a
certain technique ... or they were solved using standard recipes” (p.189),
“At school most of the times only one method existed; problems were right in
one try; solutions were always short” (p.191)

“At school it was simply the application of rules.” (p.191).

Stylianides &
Stylianides (2014)

“One third of the students wrote that they did not know how to solve the
Problem, whereas the rest deemed the Problem unsolvable” (p.21)

“Any math problem | have encountered has usually given me enough
information to solve the problem. This problem, | feel, leaves out critical
information to solving the problem.” (p.22).
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Jurdak (2006) contrasted theoretically and empirically problem-solving of
situated problems in school and the real world. Three potentially experiential problem
tasks were given to 31 last year high school science students. While solving the task,
students were asked by the investigator about their approach to the solution of the task.
After completing the task, students were asked their opinion of the tasks and to compare
them with school and real-world tasks.

In Hino (2015), ten consecutive mathematics lessons in two classrooms were
observed and recorded. The lessons were sessions of ‘structured problem-solving”. The
teacher reviews the previous lesson then presents the problem for the day. The students
work on the problem individually or in groups, and the author called this “individual
problem-solving”. A whole classroom discussion of the various solution methods
follows where the major points are highlighted and summarized, the author denotes this
step by “collective problem-solving”. Some of the students were interviewed at the end
of the lessons to express their opinions about the lessons, their goals, and their idea of a
good lesson.

Alternative Learning Environments

Students who experienced alternative classroom environments such as
collaborative problem-solving, collective problem-solving with scaffolding,
collaborative work with multiple strategies, and authentic problem-solving negotiated
their past views and outlook on problem-solving as a process and adopted more open
views. They developed an alternative view of problem-solving as a collective endeavor
where cooperation and arguing with colleagues play a significant role in problem-

solving. They viewed problem-solving as an exercise that prepared them for real-world
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problems and required deep thinking and using past knowledge, enough time, and
perseverance. These students became interested in multiple solutions to a problem; they
became open to different and new solutions posed by colleagues that would enable them
to solve problems they could not solve before and viewed as impossible. The way to
reach a solution and answer a problem became more important than the answer itself. In
contrast to problem-solving in school, real-world problems allow choice of methods and
need argumentation and not simple applications of rules. In real-life problem-solving
environment, students would use mental calculation and logic, solve their problems
quickly and easily, consider factors other than calculation that might interfere in the
solution like getting the advice of others who have experienced similar problems, and
weighing the solution in terms of their own affordances.

The quotes in Table 4.5 (collaborative work studies and real-life problem-
solving study) that illustrate the students’ meaning of a problem-solving in collaborative
work learning environments, come from six qualitative studies.

Collaborative Work. The contexts of the two studies by DiMartino (2019) and
Stylianides & Stylianides (2014) were explained earlier, in both studies the students
collaborated on solving problems and were interviewed after they experienced the
collaborative work environment.

Collective Problem Solving/ Scaffolding. In the study by Hino (2015) whose
context was discussed earlier, the students reflected on their experience of collective
problem-solving and attending to multiple solutions that were presented by their
colleagues.

Collaborative Work/Heuristics. Higgins (1997) heuristic students, as

explained in the study context earlier, were taught heuristics as skills and tools to use in
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problem-solving through direct instruction and worked on solving problems
individually and collaboratively. The heuristic students were interviewed to assess their
problem-solving processes.

Collaborative Work/Authentic Problem Solving. In the study by Perrenet &
Taconis (2009) that was mentioned earlier, the students reflected on their change of
view towards the process of problem-solving after experiencing an environment of
authentic problem-solving through their university years, where they worked on solving
authentic modeling problems in pairs.

Table 11
Students' Negotiation of the Meaning of Problem-Solving across Alternative Learning

Environments

Study Quote
Collaborative work learning environments studies
Francisco (2005) “Romina said that through arguing the students “learn more” and become

better prepared to handle real world problems” (p.61),

“Thinking deeply about a problem ... and using past knowledge is a way of
solving a new problem” (p.58)

“If you’re stuck on a problem and you don’t know the answer, if you have two or
three people together, it’s much easier to come up with an answer.” (p.63)

Stylianides & “The answer requires figuring out exactly what the problem is asking and
Stylianides (2014)  thinking about what you know about math to obtain the answer” (p. 26)
” 1 didn’t believe this was a real problem to begin with but once discussing it
with my group and coming up with possible solutions | realized it could be
solved” (p. 23).

Hino (2015) “Students become interested in different solutions “ (p. 132),
“I noticed that there was another way of solving that question”. (p. 132)
“Students ... commented that they learned the solution methods by listening to
classmates discuss concepts that they could not grasp themselves during
individual problem solving” (p. 131)
“The commenters usually mentioned that they saw ways to solve problems that
they had not been able to solve previously.” (p. 133)

Higgins (1997) “They claimed that it was all right because the problems made them think hard
and that one learns by working on such problems.” (p.19),
“The length of time they said they would work on a problem before they would
believe it was impossible ... ranged from 4 hours to 1 week” (p.20).

Perrenet & “And besides that, it is more the way to the answer that is more important than
Taconis (2009) the answer itself.” (p.191),
“Now there is a choice of methods and some of those take lots more time than
others” (p.191),
“At school it was simply the application of rules; now a totally new argument
can be needed for a solution”, (p.191).
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Real-life problem-solving study

Jurdak (2006) "In real life I could get and give the answers directly without showing a way"*
(p.296)
"In real life other factors interfere: the services the phone companies provided,
the promotion they are making, and the experience of others who used these
offers to tell us about their experience with these offers" (p.296)
"In real life, factors other than calculations influenced a decision' (p.296)
"In real life, the final decision depends on the person's point of view" (p.296)
"In real life, we use mental calculations and logic'*(p.296)

Real Life Problem-Solving. In real life problem-solving (Jurdak, 2006),
decision making is a complex activity that occurs within the larger social context, and
which results in a decision constrained by the acceptable social and personal rules and
using all available mathematical and non-mathematical tools. In real-life problem-
solving, they would use mental calculation and logic and solve their problems quickly
and easily, considering that factors other than calculation might affect the solution like
getting the advice of others who have experienced similar problems, and weighing the

solution in terms of their own affordances.

Theme Related to Students’ Negotiation of the Meaning of Problem-Solving across
Grade Levels

As students progress across grade levels and get exposed to formal mathematical
education, they negotiate and shift their view on the solvability of a problem from an
open view into a narrow one. The students shift their view from being ready to think,
analyze, and try various ways to solve a problem into prescribing conditions for
problem-solving, such as a problem can be solved in one single way with a single

correct answer in a short time.
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Kindergarten and Elementary

Children believe that every problem they face at the kindergarten level could be
solved, except for death. These kindergarten children have various tools to solve a
problem; they think and analyze and reach multiple solutions for one problem.

At the elementary level, students still believe that all problems are solvable, but
they set rules and conditions for solving these problems. Students believe that a problem
is solved by combining the given numbers, using some operations in a single correct
way, and reaching a unique correct answer. To solve a problem, elementary students
would read the question, figure out what is required to answer and the operations they
need to use. They use these operations to combine the numbers and get their unique
solution within few minutes. The quotes in Table 4.6 that illustrates the students’
negotiation of the meaning of problem-solving at kindergarten and elementary grade
levels, come from three qualitative studies that addressed this issue.

Table 12

Students' Negotiation of the Meaning of Problem- Solving across Grade Levels

Acrticle Quotes

Kindergarten level study

DiMartino (2019)  “The only problem recognized as not being solvable by all children is death.”
(p.298).
“Three other ways of solving problems...in Group 1: thinking/reasoning, trying
in various ways, not giving up.” (p.300)
“Their naturalness in analyzing in depth a solution, criticizing it, and finding
multiple solutions to a single problem” (p.300)

Elementary level studies

DiMartino (2019)  “A mathematical problem can always be solved, and it has only one solution,
which should be reached in a single correct way” (p.302)
“Highlighting data and finding keywords in the text, therefore finding the right
arithmetical operation.” (p. 303).

Wong et al. (2002) “Read through questions, pick out the numbers, try out with +, —, and see what
the problem is asking for.” (p. 35)
“Every problem in the mathematics classroom has a unique answer, has only
one way of tackling and can be solved within minutes” (p.41)

Middle school level studies

Jablonka (2015) “Classical algebraic text problems for setting up equations are introduced
together with “steps™ for solving these problems.” (p. 376)
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Wong et al. (2002) “Jot down the numbers in the question. Then read through the question to see
how I can tackle it, e.g., +, —, and thus I get the answer” (p. 36),
“There is definitely one answer, very definite. One won’t be asked of
possibilities” (p.33).

Higgins (1997) ““just solving a problem” or “finding an answer when you add, subtract,
multiply, or divide the two numbers” (p.16).
“I would only work on a problem for 2-3 minutes because your brain swells if
you concentrate too long.” (p.18)

High school level studies

Wong et al. (2002) “Look at what conditions I have in hand, what the given information is, and
what is being asked” (p.35),
“We see that not only is finding the answer stressed in most cases, but also
obtaining the answer in a few minutes” (p.33)

Jurdak (2006) “Different from school tasks” (p. 292)
"Classroom math helped in reaching answers quickly" (p.293)
"In classroom math, the teacher asked questions that were applications of
already memorized formulas™ (p.293)
"In class we have to stick to one way of solving a problem" (p.293)

University level studies

Stylianides & “Any math problem I have encountered has usually given me enough
Stylianides (2014) information to solve the problem. This problem, | feel, leaves out critical
information to solving the problem.” (p.22).
“When I first looked at this problem, I saw there were no numbers” (p.25)
“I realized with a lot of these problems it took me a lot longer than 5 to 10
minutes to solve them.” (p.26),

Lerch (2004) “The students applied general arithmetic procedures, supporting the belief that
there is a step-by-step procedure to solve any problem situation...they applied an
inappropriate algorithm.... students are well conditioned to view problems as
solvable in a short time frame.” (p.31)

Perrenet & “The mathematics problems I met at school came up within the context of a
Taconis (2009) certain technique ... or they were solved using standard recipes” (p.189),
“At school most of the times only one method existed; problems were right in
one try; solutions were always short, ... it was simply the application of rules.”
(p.191)

Middle School

Middle school students see mathematics and problem-solving as a set of rules,
they appreciate using this form of representation, otherwise they feel lost. They usually
use one or two methods to solve a problem through the usage of arithmetic operations
on the given numbers they have. To solve a problem means to read the question, figure
out how to tackle it, use operations to find the one and single definite answer. A
problem for them should be solved within minutes. The quotes in Table 4.6 that
illustrates the students’ negotiation of the meaning of problem-solving at middle school

grade levels, come from three qualitative studies that addressed this issue.
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High School

The high school students share the same view of elementary and middle school
students that a problem is solved looking at the given information and what is being
asked, then their concern is to find the answer in few minutes. see that not only is
finding the answer stressed in most cases, but also obtaining the answer in a few
minutes. They get lost when they had to solve non-routine problems. The quotes in
Table 4.6 that illustrates the students’ negotiation of the meaning of problem-solving at
high school grade levels, come from a qualitative study that addressed this issue.
University Level

The same view on problem-solving continues at university level. A word
problem is deemed unsolvable if it does not have enough information to solve it, and the
information should be numbers. Students have the conviction that a problem should be
solved within a specific short period of time, not more than ten minutes. To solve a
problem the students will apply general arithmetic step-by-step procedures, they could
also apply inappropriate algorithm to solve a problem which they view as should be
solvable in a short time frame. for university students problems are solved using
standard recipes and application of rules, following one method and getting an answer
in one try. The quotes in Table 4.6 that illustrates the students’ negotiation of the
meaning of problem solving at university levels, come from three qualitative studies
that addressed this issue.
Theme Related to Students’ Negotiation of the Meaning of Problem-Solving across
Educational Systems.

Students across American, Hong Kong, Italian, German, Lebanese, and

Netherland educational systems adopt similar views on the meaning of problem-
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solving. Students have set conditions for problem-solving, such as a problem can be
solved quickly, using one single way, and getting a unique answer.
Italy

Italian students have rules for problem-solving; they assign specific conditions
that a problem should meet for it to be solvable and the way it could be solved. They
think that all problems are solvable, and this is done by combining the given numbers,
using some operations in a single correct way, and reaching a unigue correct answer.
Highlighting the text, finding the right data, and the correct operation are the used
approaches to problem-solving. The quotes in Table 4.7 that illustrates the students’
negotiation of the meaning of problem-solving in Italy, China, and USA studies, come
from eight qualitative studies that addressed this issue.
Germany

For German students, solving a problem entails rules and formulas and specific
algebraic techniques and strategies that they should follow in a step-by-step manner;
otherwise, they will be lost.
Japan

Japanese students will use one or two methods only to solve a problem.
Table 13

Students' Negotiation of the Meaning of Problem-Solving across Educational Systems.

Avrticle Quotes

Italy
DiMartino “a mathematical problem can always be solved, and it has only one solution,
(2019) which should be reached in a single correct way” (p.302).

“Numerical data and arithmetic operations are considered necessary in order to
solve mathematical problems.” (p.304)

Japan
Hino (2015) “During individual problem solving, students usually used one or two methods to
get the answer.” (p.133).
Hong Kong
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Wong et al. “Every problem in the mathematics classroom has a unique answer, has only one
(2002) way of tackling and can be solved within minutes” (p.41),
“Jot down the numbers in the question. Then read through the question to see how
| can tackle it, e.g., +, —, and thus I get the answer” (p. 36)

USA/Germany/Japan

Jablonka (2005)  “Classical algebraic text problems for setting up equations are introduced together
with “steps” for solving these problems.” (p. 376),

Lebanon

Jurdak (2006) “Different from school tasks” (p. 292)
"In classroom math, the teacher asked questions that were applications of already
memorized formulas™ (p. 293)
"In class we have to stick to one way of solving a problem" (p.293)

USA

Higgins (1997) “Just solving a problem” or “finding an answer when you add, subtract, multiply,
or divide the two numbers” (p.16).
“I would only work on a problem for 2-3 minutes because your brain swells if
you concentrate too long.” (p.18)

Lerch (2004) “The students applied general arithmetic procedures, supporting the belief that
there is a step-by-step procedure to solve any problem situation.” (p.31).
“Students are well conditioned to view problems as solvable in a short time
frame.” (p.31)

Perrenet & “The mathematics problems I met at school came up within the context of a certain
Taconis (2009) technique ... or they were solved using standard recipes” (p.189),
“At school most of the times only one method existed; problems were right in one
try; solutions were always short... at school it was simply the application of
rules.” (p.191).

Stylianides & “One third of the students wrote that they did not know how to solve the Problem,
Stylianides whereas the rest deemed the Problem unsolvable” (p.21)
(2014) “Any math problem | have encountered has usually give me enough information

to solve the problem. This problem, I feel, leaves out critical information to
solving the problem.” (p.22).

Hong Kong

Hong Kong students view problem-solving as a process in which they will use
one method to reach a single answer, and this is done within a short period of time. To
solve a problem, they would figure out what information is given, what they are
required to do, and which arithmetic operations they will use to reach a solution.
The USA

American students need enough information to solve the problem. The presence
of numerical data in a problem is a critical condition for it to be solved. They solve the

problem using one method, with one final answer and a short period of time. To solve a
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problem, American students will use general arithmetic procedures or algorithms in a
step-by-step manner.
Netherlands

Students in the Netherlands view problem-solving as a procedure where using
specific techniques or standard recipes will solve a problem. They think that there is
only one method to solve a problem, where one applies rules and gets the correct
answer.
Lebanon

Lebanese students view problem-solving in the school context as an activity
within the school community, which results in a written solution using mostly
mathematical tools and constrained by school rules, norms, and expectation. Classroom
problem-solving involves applying formulas that they have memorized and sticking to
one way of solving the problem on hand quickly.

Students’ Negotiation of their Emotions towards Problem-Solving

Upon analyzing the findings of the qualitative studies to answer our question on
how students negotiate their emotions towards problem-solving, three themes have
emerged.

4. Students’ negotiation of their emotions towards problem-solving across

learning environments.
5. Students’ negotiation of their emotions towards problem-solving across
grade levels.
6. Students’ negotiation of their emotions towards problem-solving across

educational systems.
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Definition of Emotion

Emotion is an affective construct that develops as a psychological response in
reaction to momentary experiences. Emotions are usually transient, and they vary with
incidents and circumstances; they can be intense and change rapidly (McLeod, 1992). A
significant characteristic of emotions is their valence. Most emotional constructs are
characterized by positive or negative valence. For example, enjoyment and love are
positive emotions, whereas boredom and dislike in mathematics are negative emotions

(Scherer et al., 2013).

Theme Related to Students’ Negotiation of their Emotions towards Problem-
Solving across Grade Levels

As students move across grade levels and get exposed to formal mathematics
education, they gradually negotiate their emotions towards problem-solving from
ambivalent positive (love word problems) and negative (despair) emotions into a wide
range of negative emotions towards the whole discipline of mathematics such as dislike,
boredom, discomfort, anxiety, confusion, frustration, and stress.
Elementary School

Once students are introduced to formal mathematical problem-solving in grade
three, some students express their love for problem-solving and show their interest in it
as a tool that enhances thinking, whereas other grade three students express their hate
for problem-solving and the whole discipline of mathematics. Finally, when students
reach grade six, the shift in emotions is characterized by a collective dislike of problem-
solving and viewing mathematics as a boring subject. The quotes in Table 4.8 illustrate
how kindergarten and elementary students negotiate their emotions toward problem-

solving from three qualitative studies that researched the issue.
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Table 14

Students' Negotiation of their Emotions towards Problem-Solving across Grade Levels

Article

Quotes

Elementary School studies

DI Martino 2019

“When I have to solve a problem, I hold my head in my hands and | despair.”
(p-304)

Wong 2002

“Some students even loved mathematics because it could provoke thinking.”
(p-32)

“I don’t love math since I don’t like thinking” (p.32)

“T always find difficulty but the more I need to think the more | find it
interesting.” (p.32)

“Love word problems because writing enhances thinking” (p.34)

Qaisar et al. 2015

“Three of the students said that they do not like mathematics and believe that it is
a difficult and boring subject” (p.76)

Middle school studies

Higgins 1997

“Three non-heuristic students did not like to do these types of problems [non-
routine] (p. 19)

“They were unsuccessful in solving...this lack of success led to their dislike of
the problems” (p.19)

Wong 2002

“While younger students (mainly from Grade 3) loved word problems, students
from upper grade levels [grade 6] found it “a waste of time.” (p.34)

High school studies

Andersen 2015

“Petra classified herself I am a math hater” (p.149)

“Malin described her previous experiences of mathematics education with the
word Bobehagligt" (unpleasant)” (p.150)

“It has become so associated with difficulties and anxiety” (p.150)

Jader et al. 2017

“On two occasions she [Leila] also indicates an insecurity regarding her own
ability.” (p.768)
“All three students indicate beliefs of insecurity” (p. 773)

Moyer et al. 2018

“We found that of the students who expressed distaste for mathematics....all of
the non-CMP students did so because they thought it was difficult.” (p. 128)

Schindler & “It kind of affects me when I cannot solve it. I don’t feel very confident and
Bakker 2020 strong” (p.9)
“Anna’s utterances reflect a low self-efficacy (“I can’t do this”) and
helplessness/sadness (“crying”). (p.9)
University studies
Yusof & Tall “The students were initially very confused “(p.70)
1999 “I did not enjoy most of the math courses — too dependent on the lecturers.”
(p.78)
Martinez & “Solving problems...triggers disappointment emotions when not achieved” (p.
Gonzalez 2016 97)
“I spend a lot of time in the same problem, and then I get frustrated” (p.98)
“This [problem solving on blackboard] stresses me and makes me wish to skip
class” (p.99)
Lerch 2004 “Three of the four student participants found their experience working with the

recreation problems uncomfortable.” (p.29)
“Steve indicated that they were very confusing to him.” (p.29)
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Middle School
Students at middle school express their dislike for problem-solving in general and non-
routine problem-solving in particular. They disliked problem-solving of non-routine
problems because they considered it a waste of time. The quotes in Table 4.8 illustrate
how middle school students negotiate their emotions toward problem-solving from two
qualitative studies that addressed the issue.
High School

Students at high school grade levels describe themselves as math haters. They
associate mathematics with anxiety, difficulties, and unpleasant feeling. They
experience feelings of sadness and helplessness when working on problem-solving and
a feeling of insecurity. They lack the feeling of confidence and strength when it comes
to mathematics in general. The quotes in Table 4.8 illustrate how high school students
negotiate their emotions toward problem-solving from four qualitative studies that
addressed the issue.
University Level

When students reach university level, their emotions towards problem-solving
and mathematics continue to be negatively valanced, expressing unenjoyment in
mathematics courses and confusion regarding non-routine problem-solving. When
working on non-routine problem-solving, frustration, stress, and discomfort are the
most experienced emotions by university students. Disappointment is what they feel
when they fail to solve a problem. The quotes in Table 4.8 illustrate how high university
students negotiate their emotions toward problem-solving from four qualitative studies

that addressed the issue.
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Theme Related to Students’ Negotiation of their Emotions towards Problem-

Solving across Learning Environments

Our analysis of journal articles that dealt with students' emotions towards
problem-solving indicates that when students experience alternative learning
environments characterized by collaborative work, compared to a status quo whole-
class learning environment, they negotiate their emotions towards problem-solving by
experiencing a shift in their emotions. While elementary students experience ambivalent
positive and negative emotions in status quo learning environments, other students
experience mostly negative emotions toward problem-solving such as dislike, boredom,
sadness, helplessness, anxiety, insecurity, frustration, and stress. In contrast, alternative
learning environments trigger in students a wide range of positive emotions such as
enjoyment, interest, fun, excitement, and engagement. Students feel more confident,
secure, and satisfied during collaborative problem-solving.

Status Quo Learning Environments

While elementary students' emotions swing between positive and negative
emotions in status quo learning environments, other students experience negative
emotions toward problem-solving. Dislike, boredom, sadness, helplessness, anxiety,
insecurity, frustration, and stress are among the students' emotional experiences. While
working on problem-solving, students in status quo environments lack confidence, feel
uncomfortable and confused, and see the time they spend on problem-solving as wasted.
In addition, feelings of disappointment and frustration arise when the students fail at

their problem-solving tasks.
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The quotes in Table 4.9 (status quo studies) that illustrates the students’
negotiation of emotions towards problem-solving in status quo learning environments,
come from eleven qualitative studies.

Status Quo Learning Environments Studies. DiMartino (2019) collected
interview data from 284 students from kindergarten, grades one, three, and five in oral
and written interviews. Teachers asked students to mention what they did not like about
problems.

In Wong et al. (2002), 1216 students from grades 3,6,7, and 9 attempted solving
three sets of mathematics problems. These were computational problems, word
problems, and open-ended problems. Two students from each class were then
interviewed individually to give their opinions regarding their conceptions of the
problem-solving process they have experienced.

Table 15
Students' Negotiation of their Emotions towards Problem-Solving in a Status-Quo

Learning Environment

Acrticle Illustrative Quotes

Status quo studies

DI Martino 2018 “When I have to solve a problem, I hold my head in my hands and | despair.”
(p.304)

Wong 2002 “While younger students (mainly from Grade 3) loved word problems, students
from upper grade levels [grade 6] found it “a waste of time.” (p.34)

Qaisar etal. 2015  “Three of the students said that they do not like mathematics and believe that it is
a difficult and boring subject” (p.76)

Higgins 1997 “Three non-heuristic students did not like to do these types of problems [non-
routine] (p. 19)
“They were unsuccessful in solving...this lack of success led to their dislike of
the problems” (p.19)

Andersen 2015 “Petra classified herself I am a math hater” (p.149)
“Malin described her previous experiences of mathematics education with the
word Bobehagligt" (unpleasant)” (p.150)
“It has become so associated with difficulties and anxiety” (p.150)

Jader et al. 2017 “On two occasions she [Leila] also indicates an insecurity regarding her own
ability.” (p.768)
“All three students indicate beliefs of insecurity” (p. 773)

Moyer et al. 2018  “We found that of the students who expressed distaste for mathematics.... all of
the non-CMP students did so because they thought it was difficult.” (p. 128)
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Schindler & “It kind of affects me when I cannot solve it. I don’t feel very confident and
Bakker 2020 strong” (p.9)
“Anna’s utterances reflect a low self-efficacy (“I can’t do this”) and
helplessness/sadness (“crying”). (p.9)

Yusof & Tall “The students were initially very confused “(p.70)

1999 “I did not enjoy most of the math courses — too dependent on the lecturers.”
(p.78)

Martinez & “Solving problems...triggers disappointment emotions when not achieved” (p.

Gonzalez 2015 97)
“I spend a lot of time in the same problem, and then I get fiustrated” (p.98)
“This [problem solving on blackboard] stresses me and makes me wish to skip
class” (p.99)

Lerch 2004 “Three of the four student participants found their experience working with the
recreation problems uncomfortable.” (p.29)
“Steve indicated that they were very confusing to him.” (p.29)

Qaisar et al. (2015) collected data from two elementary schools; they
interviewed students in a status quo setting (pre-intervention) and post collaborative
work intervention, where students collaborated on various mathematical tasks. The
purpose of the study was to look for changes in attitudes, beliefs, and emotions
regarding mathematics.

Higgins (1997) had two groups of middle school students, the heuristics, and the
non-heuristics. The non-heuristic students had not received any training in mathematical
problem-solving, thus experiencing a status quo learning environment compared to the
heuristic group. The students talked about memories of their mathematic classes and
expressed their opinions on different types of problems in mathematics.

Andersen (2015) interviewed two 15-year-old girls Malin and Petra, who
labeled themselves as “math-anxious” and a “math hater.” Andersen interviewed the
girls before and after collaborative problem-solving to express their thoughts on
mathematics learning and problem-solving tasks.

Jader et al. (2017) explored the expectations, motivational beliefs, and feelings
of security in three high school students through interviews after working on a task of

non-routine problem-solving.
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Moyer et al. (2018) interviewed twenty-six grade twelve students from ten high
schools. These students had been taught using a traditional curriculum. The interviewers
explored the student's attitudes and emotional disposition towards mathematics.

Schindler and Bakker (2020) explored the evolvement in the affective field of
one high school student. The interviews took place pre- and post-collaborative work
intervention to detect any change in students' emotions towards mathematics.

Yusof and Tall (1999) asked forty-four university students to write few
sentences describing their feeling towards mathematics before and after learning
through collaborative problem-solving. The students' narratives were compared to
discover the effect of collaborative problem-solving on the students' attitudes, beliefs,
and emotions to mathematics.

Martinez and Gonzalez (2016) interviewed twenty-seven university students in a
status quo environment to explore their emotional experiences regarding problem-
solving. Emotions such as disappointment, fear emotions, and distress were explored.

In the study by Lerch (2004), the researchers assigned both routine (textbook)
and non-routine (recreational mathematics) problems for four students to solve. The
students talked out loud, tape their comments while working on these problems, and
wrote reflective essays about themselves and their experience with mathematics.
Collaborative Work Learning Environments

As students experience alternative classroom environments characterized by
collaborative work or collaborative work with heuristics or technology, they negotiate
their feelings towards problem-solving and experience a shift in the desired direction.
Students express their liking of mathematics, describing it as an interesting, challenging,

and exciting subject. Students experience a wide range of positive emotions such as fun,
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enjoyment, satisfaction, and appreciation while working on problem-solving in groups.
Collaborative work seems to increase the students’ engagement and confidence and
reduce their anxiety. It also creates feelings of safety and curiosity towards mathematics
and a sense of ownership of their knowledge.

The quotes in Table 4.10 (collaborative work learning environments studies)
that illustrate the students’ negotiation of their emotions towards problem-solving and
mathematics in collaborative work learning environments, come from eleven qualitative
studies.

Collaborative Learning Environments Studies. Collaborative work took place
across different classroom environments; these environments are explained below
providing the context of each of the studies.

Collaborative Work. The context in which the studies by Andersen (2015),
Qaisar et al. (2015), Schindler and Bakker (2020), and Yusof and Tall (1999) took place
were mentioned earlier.

Ju and Kwon (2007) interviewed nineteen university students after an inquiry-
oriented course where students actively collaborated with peers to explore
contextualized problems and construct mathematics through interaction. The purpose of
the study was to explore if the intervention will have any impact on their attitude and
emotional disposition towards mathematical learning.

Satyam (2020) explored the effect of one course on eleven university students'
attitudes, beliefs, and emotions; the students had to describe the most satisfying
moments they have experienced during the course. The course was a divergence for

students, from computation to non-algorithmic problem solving and arguments.
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Mathematical activity in the course was like that of “"reform mathematics" in terms of

problem-solving, explanation, writing, and collaboration with peers.

Perrenet and Taconis (2009) investigated mathematical problem-solving beliefs

and of first-year university students. The students answered a questionnaire at the

beginning and the end of their bachelor's program and compared their answers to the

two questionnaires, justifying the affective shift that they went through. The

intervention included a series of mathematical modeling projects that the students

worked on collaboratively.

Table 16

Students' Negotiation of their Emotions towards Problem-Solving in Alternative

Learning Environments

Article

Illustrative Quotes

Collaborative work studies

Qaisar et al. 2015

“Mathematics is an interesting subject” (p.76)
“Do you like mathematics?” ... “I like it very much” (p.76)

Yusof & Tall 1999

“I try to connect the ideas together and talk about them with my friends ... it is
much more satisfying than rote-learning” (p.79)

Schindler & Bakker
2020

“The students related group work to enjoyment and to a feeling of safety”

(p.14)
“Anna’s and the group’s increased interest and engagement ...went along with

positive emotions, such as fun, enjoyment, and excitement” (p.17)

Andersen 2015

“This is new and interesting for me.” (p.151)
“Both Petra and Malin did engage in learning during this group work.” (p.152)

Ju & Kwon 2007

“T experienced what it really meant to do math, and | regained some of my lost
confidence” (p.271)

“The students came to appreciate mathematics as emergent through co-
engagement with peers who have different kinds of expertise.” (p.274)

Satyam 2020

“The act of engaging in the mathematics with other people was what was
satisfying to Shelby” (p.11)

“For Jordan, the act of explaining how to do a problem to classmates such that
they understood was satisfying” (p.13)

“I can explain it to the people in my group and when actually it makes sense to
them, then | feel kind of good” (p.13)

Perrenet & Taconis
2009

‘University mathematics is much more interesting and exciting.” (p.190)

Collaborative work with heuristics and multiple solutions studies

Higgins 1997

The heuristic students liked them [ non-routine problems] because they made
you think; they were challenging, interesting, and fun.” (p.19)
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Hino 2015 “The students commented that the discussion was important because they were
relieved or encouraged to find they shared the same thinking or answer as their
classmates” (p. 131)
“They also developed an interest in finding similar ideas and solutions as their
classmates “(p.131)

Lynch & Star 2014 I liked the multiple different ways” (p.14)
“Two students more explicitly noted reduced anxiety about mathematics”
(p.14)
Collaborative work with technology study
Bray & Tangney “Positive affective engagement was generated by interest...curiosity and a
2016 sense of ownership within the student cohort” (p. 189)

“Basically, more exciting and involving ways for the people.” (p.191)

Collaborative Work with Heuristics and Multiple Solutions. Higgins (1997)
interviewed his group of heuristic students to talk about memories of the mathematic
classes. The heuristic teachers taught five problem-solving skills at the beginning of the
school year to their students using direct instruction. Students worked on solving
routine and non-routine problems individually and collaboratively.

Hino (2015) observed and recorded ten consecutive mathematics lessons of
structured problem-solving in two classrooms. First, the students worked on the
problem individually or in groups, then discussed the various solution method as a
whole classroom. Finally, the author interviewed some students at the end of the lessons
to express their opinions about the lessons and communicate their idea of a good
lesson.

Lynch and Star (2014) interviewed six struggling students to explore their
experiences in an Algebra | course, mainly using multiple strategies in problem-solving
and how it affected their emotional stance towards mathematical problem-solving.

Collaborative Work with Technology. Bray and Tangney (2016) conducted
focus-group interviews, of four to six students each, after an intervention that entailed
the use of digital technology, social constructivist pedagogies, and contextual problem-
solving scenarios. The interviews explored the impact of the intervention on the

students’ engagement, confidence, and attitude towards mathematics.
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Theme Related to Students’ Negotiation of their Emotions towards Problem-

Solving across Educational Systems

Our data analysis indicates that students across Italian, Swedish, Pakistani,
Mexican, Malaysian, and American educational systems share the same emotional
disposition towards problem-solving; they display negative emotions entailing dislike,
boredom, sadness, helplessness, frustration, and stress. In addition, these students
express feelings of anxiety, insecurity, and lack of confidence when they perform
problem-solving tasks. On the other hand, Hong Kong elementary students express their
love of mathematical problem-solving and mathematics.

Italy

Italian students express their despair when they are presented with mathematical
problems to solve. Table 4.11 quotes that illustrate how students negotiate their
emotions towards problem-solving come from eleven qualitative studies.

Table 17

Students' Negotiation of their Emotions towards Problem-Solving across Educational

Systems
Acrticle Illustrative Quotes
Italy
DI Martino 2019 “When I have to solve a problem, I hold my head in my hands and | despair.”
(p.304)
Pakistan

Qaisar et al. 2015  “Three of the students said that they do not like mathematics and believe that it
is a difficult and boring subject” (p.76)

Sweden

Andersen 2015 “Petra classified herself I am a math hater” (p.149)
“Malin described her previous experiences of mathematics education with the
word Bobehagligt” (unpleasant)” (p.150)
“It has become so associated with difficulties and anxiety” (p.150)

Jader et al. 2017 “On two occasions she [Leila] also indicates an insecurity regarding her own
ability.” (p.768)
“All three students indicate beliefs of insecurity” (p. 773)

Schindler & “It kind of affects me when I cannot solve it. I don’t feel very confident and
Bakker 2020 strong” (p.9)
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“Anna’s utterances reflect a low self-efficacy (“I can’t do this”’) and
helplessness/sadness (“crying”). (p.9)

Malaysia
Yusof & Tall “The students were initially very confused “(p.70)
1999 “I did not enjoy most of the math courses — too dependent on the lecturers.”
(p.78)
Mexico
Martinez & “Solving problems...triggers disappointment emotions when not achieved” (p.

Gonzalez 2016 97)
“I spend a lot of time in the same problem, and then I get frustrated” (p.98)
“This [problem solving on blackboard] stresses me and makes me wish to skip
class” (p.99)

USA

Lerch 2004 “Three of the four student participants found their experience working with the
recreation problems uncomfortable.” (p.29)
“Steve indicated that they were very confusing to him.” (p.29)

Higgins 1997 “Three non-heuristic students did not like to do these types of problems [non-
routine] (p. 19)
“They were unsuccessful in solving...this lack of success led to their dislike of
the problems” (p.19)

Moyer et al. 2018  “We found that of the students who expressed distaste for mathematics.... all of
the non-CMP students did so because they thought it was difficult.” (p. 128)

Hong Kong

Wong 2002 “While younger students (mainly from Grade 3) loved word problems, students
from upper grade levels [grade 6] found it “a waste of time.” (p.34)
“Some students even loved mathematics because it could provoke thinking.”

(p.32)
“Love word problems because writing enhances thinking” (p.34)

Pakistan

Students in Pakistan do not like mathematics and think of it as a boring subject.
Sweden

Swedish students display feelings of insecurity, lack of confidence, and anxiety
when working on problem-solving. They hate math and describe their experience with it
as unpleasant. Helplessness and sadness are shown during problem-solving when the
students fail to solve a problem.
Malaysia

Malaysian students experience confusion while working on non-routine

problem-solving; they express a lack of enjoyment in mathematics.
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Mexico

Mexican students are stressed by problem-solving to the extent that they like to
skip classes; they experience frustration when working on problems for long times.
Disappointment is what they feel when they fail to solve a problem.
The USA

Students in the USA dislike mathematics and non-routine problems; they
experience confusion and discomfort when dealing with such problems.
Hong Kong

Elementary Hong Kong students love mathematics and working on
mathematical problem-solving; they think it provokes thinking. As they move to upper-
grade levels, they stop liking problem-solving and start to see it as a waste of time.
Table 18

Emerging Themes from the Qualitative Research Meta-Synthesis

Students’ negotiation of the meaning of a problem

Theme one As students experience alternative learning environments, characterized by
ACross individual/collaborative work, as contrasted to a status quo whole-class learning
learning environment, they display a shift in the way they view a problem. they shift from

environments viewing a problem as a closed, narrow-focused narrative posed by a textbook or a
teacher in a familiar context and asking for a numerical answer; into viewing a
problem as an open and broad-focused narrative that may be non-routine, in a
non-familiar context, that may require thinking and analyzing the data to resolve
the issue posed in the narrative.

Theme two As students progress across grade levels and get exposed to formal mathematics
across grade education, they negotiate their assigned meaning to a problem, from an issue that
levels they can resolve and that they need to resolve, into a textual and mathematical
structure that has specific characteristics.

Theme three Students across American, Chinese, and Italian educational systems adopt similar
across views on the meaning of a problem. A problem should be “mathematical” in
educational nature, based on a text with data and numbers to be combined to reach a solution.
systems

Students’ negotiation of the meaning of problem-solving
Theme four As students experience alternative learning environments, characterized by
across learning collaborative work in contrast to a status quo learning environment, they negotiate
environments and shift their view on the process of problem solving. They shift their view from

a text and data-based view where solving a problem is a matter of using rules into
a view where problem-solving entails cooperation in work, discussion of
solutions, thinking and perseverance.
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Theme five As students progress across grade levels and get exposed to formal mathematical

across grade education, they negotiate and shift their view on the solvability of a problem from

levels an open view into a narrow one. The students shift their view from being ready to
think, analyze, and try various ways to solve a problem into prescribing conditions
for problem-solving, such as a problem can be solved in one single way with a
single correct answer in a short time.

Theme six Students across American, Chinese, Italian, German, and Netherland educational
across systems adopt similar views on the meaning of problem-solving. Students have set
educational conditions for problem-solving, such as a problem can be solved quickly, using
systems one single way, and getting a unique answer.

Students’ negotiation of their emotions towards problem-solving
Theme seven As students move across grade levels and get exposed to formal mathematics
across grade education, they gradually negotiate their emotions towards problem-solving from
levels ambivalent positive (love word problems) and negative (despair) emotions into a

wide range of negative emotions towards the whole discipline of mathematics
such as dislike, boredom, discomfort, anxiety, confusion, frustration, and stress.

Theme eight As students experience alternative learning environments characterized by
across learning collaborative work in contrast to a status quo learning environment, they
environments experience a shift in their emotions. While elementary students experience

ambivalent positive and negative emotions in status quo learning environments,
other students experience mostly negative emotions toward problem-solving. In
contrast, alternative learning environments trigger in students a wide range of
positive emotions such as enjoyment, interest, fun, excitement, and engagement.
Students feel more confident, secure, and satisfied during collaborative problem-

solving
Theme nine Students across Italian, Swedish, Pakistani, Mexican, Malaysian, and American
across educational systems share the same emotional disposition towards problem-
educational solving; they display negative emotions entailing dislike, boredom, sadness,
systems helplessness, frustration, and stress. In addition, these students express feelings of

anxiety, insecurity, and lack of confidence when they perform problem-solving
tasks. On the other hand, Hong Kong elementary students express their love of
mathematical problem-solving and mathematics.

Students’ Negotiation of the Meaning and Emotions across Learning
Environments
Our meta-synthesis of the qualitative studies has shown that students negotiate

the meaning of a problem and the process of problem-solving as well as their emotions
towards problem solving differently in alternative learning environments versus a
status-quo learning environment.

As students experience alternative learning environments, characterized by
individual/collaborative work, as contrasted to a status quo whole-class learning

environment:
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1. They display a shift in the way they view a problem. they shift from viewing a
problem as a closed, narrow-focused narrative posed by a textbook or a teacher
in a familiar context and asking for a numerical answer; into viewing a problem
as an open and broad-focused narrative that may be non-routine, in a non-
familiar context, that may require thinking and analyzing the data to resolve the
issue posed in the narrative.

2. They negotiate the way they view the process of problem-solving and shift
their view from a text and data-based view where solving a problem is a matter
of using rules into a view where problem-solving entails cooperation in work,
discussion of solutions, thinking and perseverance.

3. They experience a shift in their emotions toward problem-solving. While
elementary students experience ambivalent positive and negative emotions in
status quo learning environments, other students experience mostly negative
emotions toward problem-solving. In contrast, alternative learning environments
trigger in students a wide range of positive emotions such as enjoyment, interest,
fun, excitement, and engagement. Students feel more confident, secure, and

satisfied during collaborative problem-solving

Students’ Negotiation of the Meaning and Emotions across Grade Level
Our meta-synthesis of the qualitative studies has shown that the way students
negotiate their view of a problem and the process of problem-solving as well as their
emotions towards problem-solving change as they get exposed to formal education and
move across grade levels.
As students progress across grade levels and get exposed to formal mathematics

education:
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1. They negotiate their assigned meaning to a problem, from an issue that they
can resolve and that they need to resolve, into a textual and mathematical
structure that has specific characteristics.

2. They negotiate and shift their view on the solvability of a problem from an
open view into a narrow one. The students shift their view from being ready to
think, analyze, and try various ways to solve a problem into prescribing
conditions for problem-solving, such as a problem can be solved in one single
way with a single correct answer in a short time.

3. They gradually negotiate their emotions towards problem-solving from
ambivalent positive (love word problems) and negative (despair) emotions into a
wide range of negative emotions towards the whole discipline of mathematics

such as dislike, boredom, discomfort, anxiety, confusion, frustration, and stress.

Students’ Negotiation of the Meaning and Emotions across Educational systems

Our meta-synthesis has shown that students across various educational system share

widely the same views on the meaning of a problem, the process of problem-solving
and their emotional disposition towards problem-solving, except for Hong Kong
elementary students.

1. Students across American, Chinese, and Italian educational systems adopt
similar views on the meaning of a problem. A problem should be
“mathematical” in nature, based on a text with data and numbers to be combined
to reach a solution.

2. Students across American, Chinese, Italian, German, and Netherland educational

systems adopt similar views on the meaning of problem-solving. Students
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have set conditions for problem-solving, such as a problem can be solved
quickly, using one single way, and getting a unique answer.

Students across Italian, Swedish, Pakistani, Mexican, Malaysian, and American
educational systems share the same emotional disposition towards problem-
solving; they display negative emotions entailing dislike, boredom, sadness,
helplessness, frustration, and stress. In addition, these students express feelings
of anxiety, insecurity, and lack of confidence when they perform problem-
solving tasks. On the other hand, Hong Kong elementary students express their

love of mathematical problem-solving and mathematics.
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CHAPTER 5

CONCLUSION AND DISCUSSION

The qualitative meta-synthesis in this thesis was designed to understand (1) the
way students negotiate their meaning of a problem and the process of problem-solving
(2) the way students negotiate their emotions towards problem-solving from their
perspective. To achieve such an understanding, we analyzed and synthesized the finding
of twenty one relevant qualitative studies reported in high-impact mathematics
education journals between the years 1997 and 2020. This qualitative meta-synthesis
utilized the theory-generating approach to qualitative meta-synthesis (Finfgeld-Connett,
2010). The theory-generating approach is based on the grounded formal theory. The
theory employs coding, categorizing, constant comparison, coming up with a theme,
and generating a well-founded theory to provide a comprehensive framework for
understanding and explaining how students negotiate their affective relationship with
problem-solving and how they assign meaning to it.

Our discussion is divided into two major parts, which correspond to the two
research questions in this study. The first part discusses the theoretical interpretation of
the findings on how students negotiate their assigned meaning to a problem and the
process of problem-solving. The second part discusses the theoretical interpretation of

how students negotiate their emotions towards problem-solving.
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Part I: Theoretical Interpretation of Students’ Negotiation of their Meaning of a
Problem and Problem-Solving across Grade Levels, educational Systems and
Classroom Environments

Our meta-synthesis shows that once students are introduced to formal
mathematics education in status quo mathematics classroom settings, where direct
instruction is the primary mode of delivering knowledge, they assign a rigid and
stereotypical meaning to what a problem is. This rigid meaning appears across all grade
levels and educational systems that we have encountered in our qualitative studies.
However, as the students experience alternative learning environments characterized by
individual and collaborative work, they display across all grade levels and educational
systems that we have encountered in our qualitative study a shift in how they view a
problem. They shift from viewing a problem as a closed, narrow-focused narrative
posed by a textbook or a teacher in a familiar context and asking for a numerical
answer; into viewing a problem as an open and broad-focused narrative that may be
non-routine, in a non-familiar context, that may require thinking and analyzing the data
to resolve the issue posed in the narrative.

As for the meaning students assign to the process of problem-solving, students
in a status quo learning environment across all grade levels and educational systems
revealed a narrow-focused view. For these students, the process of problem-solving
entails standard recipes to solve problems in one way, using certain mathematical
operations to obtain a single solution for a mathematical problem. Once these students
experience alternative learning classroom environments such as collaborative problem
solving, collaborative work with multiple strategies, and authentic problem solving,

they display across all grade levels and educational systems that we have encountered in
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our qualitative studies a more open view on the process of problem-solving. They view
problem-solving as an experience that prepares them for real-world problems; it
requires deep thinking and the usage of past knowledge, enough time, and perseverance.
Multiple solution strategies and multiple answers become a part of the problem-solving

process.

Theoretical Perspective Used by Authors

The authors of our articles analyzed and interpreted their findings using different
theoretical frameworks. The frameworks that appeared the most in our studies were the
cognitive and the social-constructivist theoretical frameworks.

An Overview of Cognitive Theory

Schoenfeld (1985) introduced four types of knowledge that supported problem-
solving: resources, strategies, control, and individual belief system. Some of our authors
utilized the latter to interpret their findings. Schoenfeld (2016) theorized that faulty
beliefs often have impairing effects on students, and they are formed based on their
classroom experience “students abstract their beliefs about formal mathematics, their
sense of their discipline, in large measure from their experiences in the classroom.
Students’ beliefs shape their behavior in ways that have extraordinarily powerful (and
often negative) consequences.” (Schoenfeld, 2016, p.27)

Schoenfeld (2016) believes that the kind of problem-solving students practice in
their classroom focuses on artificial problems, where problems are solved fast, with
specific rules, and in short periods, thus, contradicting the practical usefulness of
mathematics. After recurring experiences with this problem-solving, students would
give up trying to make sense of mathematics. They would view a problem as an

exercise of little meaning and that there is always a rule to follow in problem-solving.
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Holding such views on problem-solving will lead students not to attempt problems for
which they have no prescribed method to solve or may cut back on the time they are
ready to devote to solving a problem.

In addition to the kind of problems students experience, Schoenfeld (2016),
building on the social constructivist theory, states that the community of practice
(classroom) that students belong to would influence how they think about mathematics
and mathematical problem-solving. He argues that students develop how they see and
use mathematics from their experiences with mathematics in a practically social setup,
their classroom. Schoenfeld (2016) mentions that “mathematics is an act of sense-
making that is socially constructed and socially transmitted” (Schoenfeld 2016, p.7).
This argument puts his explanation of students’ beliefs and points of view in the realm
of social constructivism and agrees with Vygotsky’s (1978) stance that meanings
develop in the society in which the child exists and are transmitted by social interaction
to the child.

An Overview of the Social Constructivist Theory

Ernest (1991) provided a theory on how the negotiation process takes place in
the learner's cognition, influenced by social interaction during the learning process.
"Social constructivism links subjective and objective knowledge in a cycle in which
each contributes to the renewal of the other. In this cycle, the path followed by new
mathematical knowledge is from subjective knowledge (the personal creation of an
individual), via publication to objective knowledge (by intersubjective scrutiny,
reformulation, and acceptance). Objective knowledge is internalized and reconstructed
by individuals during the learning of mathematics to become the individuals' subjective

knowledge. Using this knowledge, individuals create and publish new mathematical
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knowledge, thereby completing the cycle.” (Ernest 1991, p. 43). The child's objective
knowledge is built through social interaction with other individuals through the process
of negotiation.

Authors' Theoretical Interpretations in Status-quo learning environments

Most of the authors (DiMartino, 2019; Higgins, 1997; Jablonka, 2014; Lerch,
2004; Perrenet & Taconis 2009; Stylianides & Stylianides, 2014; Wong, 2002) of the
status quo studies analyzed their findings and interpreted them within a cognitive
framework, consistent with Schoenfeld's (2016) claim that students develop their beliefs
and views on mathematical problem-solving and mathematics from their classroom
experience. They believe that this rigidity in the meaning they assign to a problem and
the problem-solving process is acquired through years of exposure to direct instruction
teaching where no place for creativity is available.

Wong (2002) claims that the extended exposure to the mathematics classroom
culture has shaped students' views on the meaning of a problem and problem-solving.
DiMartino (2019), on the other hand, believes that the exposition to mathematical
problems in primary school has a negative effect on students' vision of problems and the
way they are supposed to be solved; the problems posed allow neither multiple
approaches and solutions nor different situations where students could create meaning.

Jablonka (2014) views the examination-oriented classroom culture, and the
focus on the product instead of the process by teachers, as the main reason behind the
way students view problems and problem-solving and assign meaning to it. Lerch
(2004) believes that the classroom learning experience does not provide students with
various resources and strategies from which to choose and that the student's knowledge

base is not being expanded to include various strategies that are not dependent upon
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specific types of problems. These classroom learning experiences do not challenge
student's faulty beliefs on the meaning of a problem and problem-solving.

Stylianides & Stylianides (2014) believe that there are various reasons behind
the students' faulty epistemological beliefs. The type of problems presented to during
their learning journey does not promote healthy epistemological beliefs on problem-
solving. The difficulties they face while solving these problems and the role of the
teacher that is not helping the students overcome these difficulties leads the students to
have a rigid view of what a problem is and how it could be solved. Higgins (1997)
interpreted his findings using Schoenfeld's (2016) cognitive theory, stating that students'
work affects how they think about a particular subject and their beliefs about its nature,
therefore the classroom environment with type of problems presented to students and
the way these problems are solved affected the way students view what a problem is
and how to solve it.

Perrenet & Taconis (2009) believe that school instills mathematical beliefs in
students that do not align well with professional mathematical beliefs. Perrenet &
Taconis (2009) claimed that the enculturation through learning in the status-quo
environment, where the classroom presents a picture of mathematical problem-solving
different from reality, leads to faulty beliefs on mathematical problem-solving.
Authors' Theoretical Interpretation in Alternative Learning Environment

Five of our authors analyzed and interpreted their findings on the effect of an
alternative learning environment on how students negotiate the meaning of a problem
and problem-solving within a cognitive framework, a constructivist framework, or both
frameworks (Francisco 2005; Higgins 1997; Hino 2015; Perrenet & Taconis 2009;

Stylianides & Stylianides 2014).
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Hino (2015) adopts the standpoint of social constructivism. She states that
comparing multiple solutions environments, which required active student participation
and social interactions, led to a significant change. Students could develop a new, more
sophisticated view and meaning on what problem-solving is.

Higgins (1997) interpreted his findings using Schoenfeld's (2016) version of the
social constructivism theory. He states that students' work affects how they think about
a particular subject and their beliefs about its nature. When the student’s learning
environment was altered by exploring exciting and challenging problems, they had the
opportunity to share and discuss their thinking with their classmates using a common
language that they developed through their heuristic's instruction. This collaboration
with the type of problems used helped them develop a more sophisticated meaning on
problem-solving than the students in a status-quo classroom setting.

Stylianides and Stylianides (2014) based their interpretations on Schoenfeld's
(2016) theory that the appropriate classroom learning experience will challenge
students' faulty beliefs. Therefore, when the students are presented with challenging
problems and allowed to work collaboratively on these problems with the teacher's
support, they will be capable of developing healthy epistemological beliefs on problem-
solving, thus leading the students to have a sophisticated view of what a problem is. In
addition to the cognitive framework, Stylianides & Stylianides mentions that using
small groups in a class where students can socially interact and develop the solutions
collaboratively can influence their opportunities to contribute to and benefit from the
problem-solving experience, thus building on the tenets of social constructivism.

Schoenfeld's (2016) theory on the effect of classroom experience on students'

learning and beliefs was also adopted by Perrenet & Taconis (2009). The authors
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claimed that the enculturation leading to faulty beliefs on mathematical problem-solving
could be altered by changing the classroom environment. When students worked in
pairs on challenging authentic problems, they could develop a more advanced view of
the meaning of a problem.

Francisco (2005) framed his interpretation within the social constructivism
theory. He claimed that a constructivist approach to learning, where students work
collaboratively to build their knowledge, will lead to sophisticated epistemological
beliefs about learning mathematics and the meaning of a problem and problem-solving.
On the other hand, the activity theory (Leont'ev, 1981) appeared in the study on situated
and real-life problem-solving by Jurdak (2006).

"A central assertion of activity theory is that our knowledge of the world is
mediated by our interaction with it, and thus human behavior and thinking occur within
meaningful contexts as people conduct purposeful goal-directed activities. This theory
strongly advocates socially organized human activity as the major unit of analysis in
psychological studies rather than mind or behavior." (Jurdak, 2006, p.286).

In Jurdak’s study, the students expressed that a real-life situation problem differs
from the problems they solved in the study and from classroom problems. They
mentioned that they would use completely different methods in tackling each type of
problem. Jurdak interpreted the result using a socio-cultural activity system. Problem-
solving in the school context is an activity within the school community in which the
tools, norms, and rules differ from the tools, rules, and norms of a real-life larger and
more complex community. With their different cultural rules and norms, these two
different social contexts make problem-solving in real life, where decision-making is

required, a different activity from situated problem-solving.
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Theoretical Interpretation of the Meta-synthesis Finding on Student’s Meaning of
a Problem and Problem-Solving

The themes that emerged based on our qualitative meta-synthesis have shown a
sophisticated epistemological shift in students' assigned meanings to a problem and the
process of problem-solving. The shift emerged because of cognitive negotiation that
occurred once students experienced alternative learning environments.

The cognitive and the social-constructivist theoretical frameworks seem to
provide a plausible interpretation of our findings. Consistent with Schoenfeld's (2016)
cognitive theory, students' long experience in their status quo classroom environment
influences their beliefs about problem-solving. The classroom environment and the kind
of problems posed to students by the teachers and the textbooks create a set of faulty
epistemological beliefs about the nature of mathematical problem-solving (Schoenfeld,
2016), leading to a narrow and focused view on the meaning of a problem and the way
they solve it.

Schoenfeld believes that a change in the learning experience needs to happen to
change these faulty beliefs and views. Our findings have shown that once these students
experience an alternative learning environment where they need to collaborate and
interact with colleagues; and where the problems they work on are more challenging
and authentic, a negotiation process takes place.

Ernest's (1991) theory on the kinds of knowledge in social constructivism
explains the negotiation process in the learner's cognition once their learning
environment is altered. Students come to the classroom with their subjective knowledge
and views on problem-solving based on their previous learning experience. The new

collaborative environment that the students experience, and the new objective
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knowledge mediated by their social interaction with colleagues provide them with
negotiations material. This new objective knowledge is reformulated and accepted by
the students to become their subjective knowledge. In the studies that we have analyzed,
the negotiation process that occurred because of social interactions led to a more
sophisticated, open, and professional-like view on the meaning that students assigned to
a problem and problem-solving.

Part II: Theoretical Interpretation of Students ‘Negotiation of their Emotions
towards Problem-Solving across Grade Levels, educational Systems and
Classroom Environments

The emerging themes from our qualitative meta-synthesis have shown that
elementary students experience ambivalent positive and negative emotions in status quo
learning environments towards problem-solving. As students get introduced to formal
mathematical education in grade one, they experience negative emotions such as dislike,
boredom, sadness, helplessness, anxiety, insecurity, and frustration. This range of
negative emotions appeared in our findings across all grade levels and different
educational systems.

Once students experience alternative learning environments characterized by
collaborative work, authentic problem solving, or real mathematics education across all
grade levels and educational systems that we have encountered in our meta-synthesis,
they experience a shift in their emotions. In contrast, alternative learning environments
trigger a wide range of positive emotions such as enjoyment, interest, fun, excitement,
and engagement. Students feel more confident, secure, and satisfied in these alternative

learning environments
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Theoretical Perspective Used by Authors

Multiple sociocultural theoretical and social constructivist frameworks appeared
in the analysis and interpretations of our articles' findings. Cobb's holistic approach,
McLeod's theory on affect, Lave and Wenger's sociocultural theory, and RME were
utilized by the authors in the interpretations of their findings. Schoenfeld's (2016) and
Hannula's (2006) cognitive theories were also used by some authors.
An Overview of Socio-cultural Theories

Sociocultural perspectives believe that students' beliefs and views about
mathematics are socially constructed through years of social interactions at schools
situated within larger societal and cultural contexts as the communities of practice.
Students acquire their beliefs and views from these contextualized learning experiences
rather than the mathematics discipline (Cobb et al., 1989; McLeod, 2002). Cobb et al.
(1989) developed a holistic cognitive/constructivist approach to their theory on beliefs
and emotions; they placed them in a cognitive/sociocultural context. Emotions are acts
based on the way students cognitively appraise a specific social situation, such as their
learning experience, in specific classroom culture. Social and cultural norms mediate
students’ appraisal of their experience. Therefore, to understand emotions, we need to
understand the way students are appraising their experiences within their sociocultural
domain and norms (Cobb et al., 1989).

Lave and Wenger (1991) and Wenger (1999) introduced and developed a
sociocultural theory based on situated learning and communities of practice, asserting
that learning is a social activity in which the learner participates in communities of

practitioners. Through engaging with and contributing to their communities of practice,
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the learner moves to fully participate in the sociocultural practices of a community in a
process that produces meaningful learning. (Wenger, 1999)
An Overview of social Constructivist and Cognitive Theories

Freudenthal’s (1983) RME is a theory under the social constructivist umbrella,
where the students construct their knowledge working on problems in a society-related
context. It is an approach to teaching that aims at making mathematics more meaningful
for students. This happens by introducing the students to problems within contexts
relevant to their life experiences and compatible with their knowledge, where the role of
the teacher is to scaffold students re-invent the mathematics they encounter.

McLeod (1992) developed a theoretical framework for affect. McLeod located
his concept of affect within a socio/cognitive-constructivist perspective. Affect,
according to McLeod, included three constructs: attitudes, beliefs, and emotions.
McLeod’s three constructs varied in duration and stability and in the degree to which
cognition plays a role in each of them. He considered attitude and beliefs as trait-like in
nature and emotions as state-like. Emotion is the affective construct that originates as a
response to brief experiences; they are usually transient and affected by tangible events.
With overtime recurrence of experiences, these emotions that they trigger could turn
into beliefs that are hard to change. McLeod believes that the social context in which
the educational process occurs influences the relationship between the three affective
factors and mathematical learning. He also believes that cognitive processes and
affective factors are highly related. “When students are involved in instruction in
problem-solving, their affective states are influenced by a variety of factors. Some of

the factors that seem particularly important to mathematics include the different kinds
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of cognitive processes that the problems require, the setting within which the instruction
takes place, and the belief systems that the student holds.” (McLeod, 1989, p.31)

Building on McLeod’s (1992) theory on affect and Schoenfeld’s (1992)
cognitive theory, Hannula (2006) developed a framework relating emotions to cognition
and social practices. He also believes that affect could be placed in either a cognitive or
a social frame, “Affect in mathematics education can be studied as an element of social
practice or as an aspect of the individual’s thinking and learning.” (Hannula, 2006,
p.215) Hannula believes that cognition and emotions are related in a way that each one
of these factors affect the other. The cognitive beliefs that one holds about mathematics
will influence the way one feels about it. Hannula affirms the importance of the social
context in which the learning occurs by stating that mathematics is not an individual
venture but is created through communication between subjective experiences and
interaction among mathematical communities. (Hannula, 2006)

Authors' Theoretical Interpretations in Status-quo learning environments

Three of our authors (DiMartino, 2019; Qaisar et al. 2015; Yusof & Tall, 1998)
analyzed and interpreted their findings in the status-quo learning environment, where
students expressed negative emotions toward problem-solving, using Schoenfeld's
(2016) argument that students develop how they see and use mathematics based on their
experiences with it in a specific social context.

Basing his interpretation on Schoenfeld’s (2016) version of social-
constructivism, DiMartino (2019) states that the way students experience mathematical
problem-solving in primary school not only leads to a rigid view on students' meaning
of problems and problem-solving, but it also influences their emotional disposition

towards problem-solving negatively. Qaisar et al. (2015) also utilized Schoenfeld’s
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(2016) theory to state that the classroom context, where students acquire their learning
experiences, plays a significant role in developing students' beliefs and feelings towards
mathematics and mathematical problem-solving. He states that teacher-centered
classrooms where rote learning is emphasized affect how students feel about
mathematics and mathematical problem-solving.

Yusof & Tall (1998) to interpret the findings of their study within a similar
framework, Schoenfeld (2016). They state that traditional learning, based on lecture
style teaching where students are taught that it is best to follow the rules and
procedures, affects their attitude and emotions towards mathematical problem-solving.
Yusof and Tall conclude that the learning environment that the student experiences
would affect their attitude towards problem-solving and thus how they express their
emotions about it.

Two authors (Jader et al., 2016; Schindler and Bakker, 2020) used Hannula's
theoretical framework to interpret their findings. Using Hannula’s (2002) interplay
aspect between cognitive beliefs and emotions, Jader et al. (2016) state that negative
cognitive belief about oneself and mathematical problem-solving abilities will lead to
experiencing negative emotions during problem-solving activities.

Schindler and Bakker (2020) state that their study was inspired by the research
of Hannula (2002) and Cobb et al. (1989) about affect during problem-solving.
Schindler and Bakker claim that a student's beliefs about mathematical problem-solving
affect the wide range of emotions that they experience during the task. These beliefs are
a result of the student's experience with traditional problem-solving over their years of

education.
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Believing in the intense interplay among beliefs about mathematics, beliefs
about self, and emotions, Moyer et al. (2018) framed their interpretation within
McLeod's (1992) affective theory, which states that beliefs provide the context for the
development of emotions during mathematical problem-solving. They believe that the
way students are exposed to problem-solving in a traditional classroom environment
influenced their beliefs and, ultimately, their emotional disposition towards
mathematics and mathematical problem-solving.

Andersen et al. (2015) interpreted his finding using a socio-cultural theoretical
framework influenced by Sfard & Prusak’s (2005) theory on the relation between
identity and culture. He stated that the task context and the social context in which
learning occurs affect how students feel about mathematics and mathematical problem-
solving. When students can not relate to the task's context or the problem is detached
from societal or critical issues that concern the student, negative feelings towards
mathematics and mathematical problem-solving will arise.

Authors' Theoretical Interpretation in Alternative Learning Environment

Multiple theoretical frameworks appeared in our meta-synthesis to analyze and
interpret the findings on students’ emotional disposition during problem-solving in an
alternative learning environment. Multiple authors used the social constructivist
framework. (Higgins, 1997; Hino, 2015; Qaisar et al., 2015; Satyam, 2020; Schindler
and Bakker 2020; Yusof &Tall, 1999;) Whereas some of the authors of the alternative
learning environment studies framed their interpretation within the socio-cultural theory
(Andersen et al., 2015; Ju &Kwon, 2007; Perrenet & Taconis 2009)

Using the social constructivist theory and building on Cobb et al.’s (1989)

holistic framework, Hino (2015) states that the collaborative work environment, in
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which students actively engage in social interactions while working on their tasks,
affected the way they view problem-solving and how they feel about it.

Schoenfeld's (2016) version of the social constructivism theory, which we
elaborated on in the previous part of this chapter, was utilized by Higgins (1997), Qaisar
et al. (2015), Satyam (2020), and Yusof & Tall (1999) to interpret their findings on the
way students in an alternative learning feel towards problem-solving.

Using Schoenfeld’s (2016) theory, Higgins (1997) states that when the student's
learning environment involved exploring challenging problems in a collaborative work
setting, they had the chance to share ideas and discuss multiple strategies and solutions
with their colleagues. These social interactions and approaches to mathematical
problem-solving led to a positive emotional disposition towards mathematical problem-
solving.

Satyam (2020) used McLeod's (1989) theory on affect but framed his findings
within Schoenfeld's (2016) version of the social constructivism theory. The author
stated that the most emotionally satisfying moments occurred when the students worked
collaboratively on quality tasks that allowed conceptual understanding, made sense of
concepts, and were group worthy. The collaborative social environment, together with
the quality of tasks presented to the students, created what he called satisfying
moments, which he defines as "significant positive feelings.” (Satyam, 2020, p. 5)

Qaisar et al. (2015) used Schoenfeld's (1985) point that one's belief system is
dynamic and changeable. They stated that when the students worked in groups on their
mathematical problem-solving tasks, they significantly changed their beliefs and
emotions about mathematics and mathematical problem-solving; they expressed

feelings of encouragement and enjoyment.
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Yusof & Tall (1999) framed their interpretation within Schoenfeld’s (2016)
version f the social-constructivist theory and concluded that by working collaboratively
on problem-solving instead of a lecture-based classroom, the students displayed a
significant shift in how they view mathematics and mathematical problem-solving. The
fact that the students could construct their knowledge through formulating, modifying,
refining, reviewing problems and solutions through social interactions with their
colleagues created a wide range of positive emotions such as satisfaction and
enjoyment.

Schindler and Bakker (2020), whose study was inspired by the research of
Hannula (2002) and Cobb et al. (1989) on affect, interpreted their finding on alternative
learning environment effect on emotions in a social constructivist approach. The authors
concluded that when students worked in groups on problem-solving tasks, a significant
shift in their emotional disposition towards mathematics and mathematical problem
solving occurred. They stated that the emotional support and encouragement that the
group members provided for each other created a safe atmosphere in which the students
showed interest in each other's ideas. The collaborative work evolved the affective field
of the students positively.

Freudenthal’s (1983) RME theory appeared in Bray & Tangney’s (2016) study.
The authors interpreted their findings within the RME framework. They stated that
when the students work collaboratively on open-ended tasks that allow guided
discovery, problem-solving, investigation, sense-making, and different solutions in a
meaningful context, they display positive affective engagement characterized by a sense

of ownership, involvement, interest, and excitement.
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Andersen et al. (2015) interpreted their finding using the sociocultural
theoretical framework of Sfard & Prusak’s (2005). The authors stated that when the task
context is relatable to the students and to their societal concerns, they change the way
they look at mathematics and mathematical problem-solving. They add that the social
context in which learning takes place also significantly impacts the students' emotions.
When the students decide on the task they want to work on and the situation contexts,
they influence the discourse of their learning process, take responsibility for it,
experience engagement, and find meaningfulness in mathematical problem-solving.

Ju & Kwon (2007) employed a sociocultural perspective to interpret their
findings. Building on Cobb's et al. (1989) theory that the belief system is a sociocultural
construct and that the classroom culture is viewed as a fundamental factor in forming
student beliefs, Ju & Kwon believes that it is necessary to provide an educational
experience in which the classroom cultural norms support the emergence of positive
students' beliefs about mathematics. The authors stated that when students worked
collaboratively on problems that borrowed their life experience in a mathematical
context, they worked in small groups to analyze a question, develop solutions, and
collectively construct arguments to justify their reasoning. This alternative learning
environment characterized by a culture in which the student is the primary agent led to a
transformation in their beliefs about mathematics and mathematical problem-solving
and how they feel about it.

The sociocultural theory was also utilized by Perrenet & Taconis (2009), where
they used the term enculturation to interpret their findings. The authors used Wenger's
(1999) definition of enculturation as a product of participation in authentic activities

combined with the idea of enculturation into mathematics the way Schoenfeld (1992)
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used the term. They believe that the school culture, in general, instills faulty
mathematical beliefs in students. Perrenet & Taconis (2009) stated that when the culture
was changed through an alternative learning environment of authentic problem-solving,
where the problems characterize the local mathematical culture, a considerable shift in

their views and emotions was clear.

Theoretical Interpretation of the Meta-synthesis Finding on Student’s Meaning of
a Problem and Problem-Solving

The themes that emerged in our meta-synthesis on the way students negotiate
their emotions towards problem-solving show a significant shift in students' emotional
disposition when they experience alternative environments across all grade levels and
educational systems that we have encountered. Learning environments characterized by
collaborative work and authentic problem-solving created a shift in the students'
emotional disposition from what McLeod (1992) calls negative to positive emotions
towards mathematical problem-solving. DiMartino & Zan (2007) elaborated on
emotions by stating that a "positive” emotion is what we perceive as a pleasurable
feeling, such as the pleasure experienced while solving a problem. In contrast, anxiety
while facing a problem is perceived as a negative emotion.

The shift in students ‘emotional disposition that we have noticed in the findings
of our meta-synthesis, across all grade levels and different educational systems that we
have encountered, may be attributed to the experience that the students had in a more
social-constructivist compatible learning environment.

When students collaborated on problem-solving tasks, worked on authentic
problems of interest to them, and could construct their knowledge instead of receiving

it, they displayed feelings of enjoyment and satisfaction in problem-solving. When
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students experienced learning and problem-solving as a social activity instead of an
individual one, they experienced no anxiety and frustration due to the emotional support
provided by the group members. Their social interactions created feelings of satisfaction
due to the ability to reach solutions and the feeling of ownership due to the ability to
construct knowledge. According to McLeod (1992), These momentary positive
experiences that the students went through changed their emotional disposition towards
problem-solving over time and repetitive exposure to positive emotions. In a way to
interpret the process through which this shift occurred, we would like to resort to the
social-constructivist theory, and specific, to McLeod (1992), Hannula (2006), and
Ernest (1991).

When the students experienced an alternative learning environment of
collaborative work, real-life problem solving, and authentic problem-solving in a new
social context, they experienced a wide range of momentary positive emotions.
According to Hannula (2006), emotions and cognition are highly related. He calls it
"emotional cognition." Hannula (2006) defines emotional cognition as the subjective
knowledge of one's emotional state. It involves the awareness of one's emotions at
different times in different situations and the subjective knowledge of their expected
typical emotional reactions in a different situation. Students are aware of the different
emotions they experience in mathematics classes while problem-solving. The student's
emotional cognition made them also aware of the different emotions they experienced
in an alternative learning environment. This awareness represented to them new
knowledge, the objective knowledge that they had to negotiate. (Ernest, 1991).

When students experienced these new emotions in an alternative learning

environment, they cognitively negotiated it, became cognitively aware of it, and
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consciously developed a new positive range of emotions towards their problem-solving
tasks that they were able to express and justify during their interviews. A shift in their
emotional disposition towards problem-solving was noticed because of the repetitive
momentarily emotional experiences that they have gone through. This new emotional
disposition resembles a new subjective knowledge that they have reformulated and

accepted due to their negotiation process. (Ernest, 1991).

Limitations of the Study

One limitation of the study is that qualitative research studies differ in their
design and approach. This study selected qualitative studies, irrespective of their
designs and approach. The study used affective constructs as defined by the respective
authors without further examination

Implications of the Results to Research and Practice

The power of qualitative meta-synthesis is that it allows a shift from knowledge
generation to knowledge application since it is grounded in lived experience.
Qualitative meta-synthesis studies are rare in mathematics education and this study
could be an encouragement for more qualitative meta-synthesis studies in the field.
The findings of this study ought to be of significance to the mathematical community,
from stakeholders to educators and curriculum developers who strive to have a body of
students with a positive affective field towards mathematics, as it affects the way they
approach mathematical problem-solving and ultimately their abilities to be good
problem solvers. Altering the learning environment and adapting a collaborative social-
constructivist approach in the mathematics classroom, where students can collectively
build and share their knowledge with their colleagues, is the suggestion of our study

supported by our findings.

119



Suggestions for Further Research

Since the affective field plays a significant role in the way students approach
mathematics, we believe that more qualitative research is needed on students affect
towards mathematical problem-solving. More qualitative research is also needed on the
impact of alternative learning environments on students affect towards problem-solving
once students start learning mathematics formally at the elementary grade level. This
grade level represents a steppingstone into the students’ learning journey.
There is a need to cross-validate the findings of this study with the findings of meta-
analysis of quantitative studies on students’ meaning and affect toward problem and

problem-solving.
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APPENDIX

The following is an example on the analysis process for the first theme.

First step is labeling text related to our research question in an individual article.
Group 1 (kindergarten and grade 1) As was predicted, in answering the first question of
the

individual section, the children in Group 1 did not refer to the mathematical problem,
but to

everyday life problems. We collected a great amount of drawings and we tried to find
categories of problems within these.

Except for some specific singularities, we classified the majority (almost three out of
four) of problems produced by the children into three macro-categories: to be sick, to
get hurt, to have some physical constraints, or to die in the most extreme cases;
something breaking or not working, to lose an object

To lose an object is by far the most frequent category in the reported examples of
problems:

almost one out of two (57 of 121) students in Group 1 refer to this kind of problem. It
would be

interesting to further study this result from a sociological point of view.

The text in Fig. 5 shows an optimistic characterization of problems shared in Group 1:
the

only problem recognized as not being certainly solvable by all children is death. A
thorough

analysis of the data collected shows how the majority of the students characterize a

problem as something that can be solved and they want to solve, but—at least
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initially—they are not able to solve. Therefore, despite the shared optimistic view,
students in Group 1 declared to be upset, sad, and disheartened when a problem occurs
because they are not able to do something they wish to do.

So, there seems to be a differentiation between a personal level (I am not able to do
something: so, there is a problem) and a social level (there exists someone who can
solve the problem if we ask for his/her help).

As well as asking for help, three other ways of solving problems characterize the
answers of students in Group 1: thinking/reasoning, trying in various ways, not giving
up.

During the group discussion focusing on whether and how the problems were solvable,
we

observed, on the one hand, the children’s optimism about the possibility to solve almost
all problems; on the other hand, their naturalness in analyzing in depth a solution,
criticizing it, and finding multiple solutions to a single problem.

For example, we report on the activity developed in a kindergarten with 25
children (age 5). Cristina, the teacher, introduced the problem proposed by Anna: “a
problem is when |
cannot open the door because | cannot reach the doorknob,” asking children to propose
and
then dramatize their solutions. After an in-depth critical analysis of the pros and cons of
the solutions proposed, children had to choose their preferred solution. Seven different
solutions
emerged: | jump (seven children, see Fig 6); I call dad/mom (five children); I ring the

bell (four
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children); I take a ladder/a chair and I climb on it (three children, see Fig. 7); I go in the
tavern

and | get the keys (one child); I wear my heels (one child).

Group 2 (grades 3-5) The data collected offer a very different picture from the one
emerging

from Group 1. First of all, a problem is no longer characterized as something that
students want to solve, but as something that must be solved (Grade 4: a problem is a
difficulty and we must resolve it*). The emergence of this normative/prescriptive
component seems to be related to the fact that school problems are hetero posed (i.e.,
posed by others). Zan (2011) developed

meaningful reflections about the implications of this fact for children’s sense making of
the

problematic situation described in the mathematical problem texts.

The second difference is the absolute predominance (156 answers out of 163) of
mathematical problems in the collected examples of problems. The analysis of these
examples

allowed us to reconstruct a shared idea about what a mathematical problem is (and how
o

solve it) for these children a problem is a text, with a familiar context and a final
question. The question has a unique numerical answer, and it is necessary to combine
all the numerical data present in the text with a single operation in order to get it.
Moreover, except for extremely rare cases, combining all and only the data provided in

the text.
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The emerging structure associated with a mathematical problem is rigid and
stereotypical:

the collected examples are pretty much shaped by an interchangeable frame, depending
on the

arithmetic operation involved. For example, considering problems that refer to the
operation of

subtraction, we found interchangeable texts all referring to the ‘take away’ meaning of
subtraction (Grade 3: Paolo had 19 cookies; he ate 7. How many cookies are left?).

In particular, the context appears to be considered as completely irrelevant—an alibi
using

Gerofsky’s (1996) words—just like its trueness or realism. Almost all the examples
collected

refer to a real-life context (apart from 12 examples of geometrical problems), but these
problems are often immersed within rather unrealistic—or sometimes insignificant—
situations

(Grade 5: A couple has 135 children, the three ninths of them are males. How many of
them

are female?).

The analysis of the group discussions about how to solve a problem also shows
significant

differences compared to the opinions collected from Group 1.

For the majority of the children in Group 2, a mathematical problem can always be

solved, and it has only one solution, which should be reached in a single correct way.
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In particular, 26 children describe explicitly a shared standard procedure to solve a
problem: highlighting data and finding keywords in the text, therefore, finding the right
arithmetical operation (tracing a drawing/diagram appears not very related to finding the
solution, but it is something to do to please the teacher).

In this view, numerical data and arithmetic operations are considered necessary in order
to solve mathematical problems.
Analyzing the answers of Group 2 to the questions: What do not you like about
problems?
Why? It emerges that what students in grades 3-5 dislike is their inability to solve the
problems and, therefore, the difficulty of a problem is considered to be a negative
aspect.

The answers collected show a worrisome evolution from grade 3, where the evaluation
is on being in a particular condition (state) of difficulty (when I am not able to solve a
problem 1 feel bad™), to grade 5, where frequently students make reference to a priori
evaluation (trait) of difficulty (I am not able to solve problems; this is why when the
teacher gives them to us, | would like to go home”).

This evolution seems to have an impact on the emotional disposition towards
mathematical problems: in grades 4-5, the answers (and only for these grades) include
statements expressing a definitive idea about the perceived competence in solving
mathematical problems (Grade 4: | feel so dumb”; Grade 5: ““I will never be able to do
this! When | have to solve a problem, I hold my head in my hands and | despair”.

The spread and the consequences of a mechanized approach to problems appear in

simple problems where no operations are required. Within step 3 of the present study,
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we used the following problem from the 2009 Italian National Standardized Assessment
for grade 5:

Maria, Renata and Fabio measure the length of their classroom through their step. Maria
counts 26 steps, Renata counts 30 and Fabio 28. “Who has the longest step?”” Almost
50% of

the grade 5 students of the national sample chose the option ‘Renata’, and we obtained a
similar percentage in our sample of students from grades 3 to 5 (43% of them answered
‘Renata’). We proposed a similar problem at the kindergarten level (simply using
smaller numbers in the text) and it was correctly solved by the children through an
empirical approach:

they used steps to calculate the length of their classroom noticing that the smaller
children,

with shorter steps, counted more steps.

The results obtained show a worrisome evolution between kindergarten and the end of
the primary school of the students’ attitude towards problems, in terms of the three
components of attitude: vision, emotional disposition, and perceived competence.

This is true throughout the primary school trajectory: the autobiographical essays of
these

students show that the percentage of those who express negative emotions towards
mathematical problems increase from grade 1 to grade 5 and, at the same time, there is a
decrease in average perceived competence in solving mathematical problems.

But this is also true in the transition from kindergarten to the more structured (and
directly linked to mathematics) primary school level. This phenomenon seems to

highlight the negative effect of the exposition to the word problems in primary school.
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Students in kindergarten and in the first year of primary school hold an idea of problems
that appears to be very promising, not fixed to a stereotypical model.

Also, their idea about how a problem can be solved (their idea of problem solving)
appears to be quite advanced: they do not describe prescriptive and reproductive
actions. Moreover, in many cases, they accept and search for a multiplicity of solutions
for the same problem, referring to actions such as collaborating with others,
thinking/reasoning, trying in various ways, not giving up.

We highlight how these ways of solving a problem contrast with the typical Italian
setting for

problem solving sessions (but also with the setting of international standardized
assessments):

students have little time to solve a problem (so it is difficult to think much, or to try in
various

ways) and cooperation is not encouraged, to say the least.

The common vision of problems developed at the end of primary school appears to be
the exact opposite. This is another qualitative indicator of the deterioration of students’
attitude towards

The fact that the vision of problems is much broader, open, and productive in children
who have not yet met the mathematical problem is an aspect to reflect upon: in a certain
sense, it seems that educational experience—and, in particular, the exposition to
mathematical problems in primary school—has a negative effect on students’ vision of
problems, but also on their self-perception and emotional disposition towards

mathematical problems (i.e., on students’ attitude towards mathematical problems.
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Second step
After labeling relevant text in all the articles being analyzed, all codes are written
using constant comparison. Codes that have a common concept are highlighted in

a similar way.

Status-Quo Learning Environment.

e Students noted that the Problem differed from other problems that they had

encountered in their mathematics classes.

Initially she thought it had nothing to do with mathematics.
| realized with a lot of these problems it took me a lot longer than 5 to 10 minutes to

solve them.

Formal mathematics has little or nothing to do with real thinking or problem -
solving.
e Inaproblem that calls for discovery, formal mathematics will not be evoked

e Mathematics problems are always solved in less than ten minutes, if they are solved
at all.
e mathematics problems have quick solutions or they cannot be solved.

e Students are well conditioned to view problems as solvable in a short time frame.

e | think the way the grammar is set up makes the mathematics confusing. If they
just came right out and said it, I think it would be much easier than putting it in
a whole paragraph form.

e This question looks like logical reasoning more than mathematics.
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e Most of them found a distinction between the two notions when they compared
these non-routine problems with the types of problems they met day-to-day.

¢ notonly is finding the answer stressed in most cases, but also obtaining the answer
in a few minutes.

e each mathematics [problem] has only one solution.

e There is definitely one answer, very definite. One won’t be asked of possibilities”
(W7-9).

e 0n meeting these non-routine problems, which might have more than one answer,
they “didn’t proceed after getting an answer [one of the answers]” (K6-7).

e To some of them, these open-ended problems did not look like mathematics very
much: “These problems involve real life situations [rather than mathematics],
not asking for a definite answer” (W9-3).

e Some felt that these non-routine problems were more challenging while others
“don’t like these problems as they do not follow a fixed rule [for solution]” (P7-
3).

e For routine problems, you can find a method after reading through the question. I
can’t [even] find a way to tackle them for these problems. (W9-4)

o | feel these problems are like composition rather than mathematics. (M6-8)

e These problems require writing, like “arts subjects.”

Alternative Learning Environments.

e The name really doesn’t matter. That’s neither here nor there. I mean, just
knowing how to do it, that’s the important part, that’s what we learned. And
that’s being able to do it, being able to teach it to somebody else, to explain it, to
use it for what you need to use it for. That’s what really matters, not being able
to know the name of it, or how to draw it up, or anything like that.

o “all [of] the problems that have been given to us, | feel like, somehow, one is
related to each other.

e Ankur rejected the idea of just memorizing names or labels of concepts without
knowing “why.”

e | understand a lot better the whole concept behind each problem.
e Brian mentioned getting to “the full meaning of a problem” through an in-depth
coverage of concepts in class.
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I really have gained a lot of knowledge and learned how to look into things
deeper than just surface things like, “Why is it like this?” Now, I start thinking
like that.

They were motivated to do mathematics if they were allowed to discover and
express their ideas, work together and use manipulative objects whenever
needed.

the students in this study did not exhibit the paradoxical positions of viewing
mathematics as being about mathematical thinking while, at the same time,
holding firmly to the expectation that mathematics problems should be solved
relatively quickly.

the students in this study suggested explicitly that problem solving is a long
discovery process. Finally, the students in this study exhibited epistemologically
sophisticated views about learning.

Kira: When | first saw it | thought it was a joke. I did not take time to go
through it step by step to discover whetheror not it was possible to solve it. After
I realized that it was possible [for the problem to be solved] I took my time
andsolved it step by step.

(i.e. 81%) seemed to have recognized by the end of the intervention that a
problem that appears to be unsolvable can actually be solvable and within their
capabilities.

over 75% of the students seeme,d to have realized that effective problem solving
requires perseverance.

Aleara noted that her engagement with the Problem changed her “whole outlook on
how to solve problems” and learned that one does not “need specific numbers, or
even variables, when solving a problem.”

Beth said that the Problem‘gave [her] a new sense of looking at word problems” in
terms of what kind of information is necessary to have in a problem or how this
information can be presented.

Nadia noted that, prior to her experience with the Problem, she would glance at
a mathematics problemand draw a quick conclusion. The Problem challenged
this approach by teaching her “to not assume something when [she] just read[s]
through [a problem for] the first time, but to carefully go back and examine
every piece of info.”

Sophie expressed a similar idea when she said that the Problem “taught her to
look at the problems that are presented[to her] in more than just the given way,
to look more deeply into them and do not think that they are impossible.”

Erin noted that her engagement with the Problem showed her “that in math, as in life
things aren’t always the way they seem” there by teaching her the importance of
“always keep[ing] an open mind and attempt[ing] to look at problems in more than
one way.”

Evans noted that the Problem taught him the importance of perseverance in
mathematical problem-solving.
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e Kimberly noted that the Problem was fun because it was not a typical
mathematics problem, explaining that it was presented like a story and did not
follow the typical format in which the givens are offered first and a question
follows. She added that the Problem was challenging and, although initially she
thought it had nothing to do with mathematics, after some thinking she realized
it was indeed a mathematical problem,

o [ realize the more you think about it and the more you understand what they 're
saying, it’s easier to solve the problem and it’s not always going to take 5-10
minutes.

e “7 of these students informed me that their teachers did give them impossible
problems to work on. They claimed that it was all right because the problems
made them think hard and that one learns by working on such problems.”

(p-19)

e the mathematics problems I met at school came up within the context of a
certain technique (such as a chapter with only problems about integration) or
they were solved using standard recipes.

e For these kinds of problems the approach to be followed was so clear that the
first try in almost all cases directly led to the solution.

e Problems at secondary school were standard and, almost always, there was a
unique and easy method for solving a problem.

e At university, problems are non standard; precisely reading the question is
important.

e Atschool, precise answers were possible. For problems encountered at university,
precise answers are often not possible.

Third step

Codes that had common meaning were grouped into categories.
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1. The way students negotiate the problem’s definition in relation to mathematics
versus to a real-world situation.

2. The way students negotiate the characteristics of a problem as being of a
stereotypical nature or a specific structure.

3. The way students negotiate the problem as being posed by a teacher or a
textbook versus a real-life challenge without a mediator.

4. The way students negotiate the problem’s definition as a text or a sense making
activity.

5. The way students negotiate the characteristics of a problem as being of a

stereotypical nature versus a thinking activity without specific structure.

Fourth step: The theme emerged based on categories

Theme Related to Students’ Negotiation of the Meaning of a Problem across
Learning Environments

Our analysis of journal articles that dealt with students' view of a problem suggests that
when students experience alternative learning environments characterized by
individual/collaborative work, as contrasted to a status quo whole-class learning
environment, they negotiate their meaning of a problem. The students display a shift in
the way they view a problem. In status quo learning environments students view a
problem as a closed, narrow-focused narrative posed by a textbook or a teacher in a
familiar context and asking for a numerical answer; whereas in alternative learning
environments, students start to view the problem as an open and broad-focused
narrative that may be non-routine, in a non-familiar context, that may require thinking

and analyzing the data to resolve the issue posed in the narrative.

132



REFERENCES

Andersson, A., Valero, P., & Meaney, T. (2015). “I am [not always] a maths hater”:
Shifting students’ identity narratives in context. Educational Studies in

Mathematics, 90(2), 143-161. https://doi.org/10.1007/s10649-015-9617-z

Au, W. (2007). High-Stakes Testing and Curricular Control: A Qualitative Meta-
synthesis. Educational Researcher, 36(5), 258-267.

https://doi.org/10.3102/0013189x07306523

Bray, A., & Tangney, B. (2015). Enhancing student engagement through the
affordances of mobile technology: a 21st century learning perspective on
Realistic Mathematics Education. Mathematics Education Research Journal,
28(1), 173-197. https://doi.org/10.1007/s13394-015-0158-7

Bruner, J. (1961). The act of discovery. Harvard Educational Review, 31, 21--32.

Buchanan, N. K. (1987). Factors contributing to mathematical problem-solving
performance: An exploratory study. Educational Studies in Mathematics, 18(4),

399-415. https://doi.org/10.1007/bf00240987

Buxton, L. (1981). Do you panic about maths? coping with maths anxiety. Heinemann.
Callejo, M. L., & Vila, A. (2009). Approach to mathematical problem solving and
students’ belief systems: two case studies. Educational Studies in Mathematics,

72(1), 111-126. https://doi.org/10.1007/s10649-009-9195-z

CASP checklists - CASP - critical appraisal skills programme. CASP. (2021, November

24). Retrieved January 8, 2022, from https://casp-uk.net/casp-tools-checklists/

133


https://doi.org/10.1007/bf00240987
https://doi.org/10.1007/s10649-009-9195-z

Cobb, B., Lehmann, J., Newman-Gonchar, R., & Alwell, M. (2009). Self-Determination
for students with disabilities. Career Development for Exceptional Individuals,

32(2), 108-114. https://doi.org/10.1177/0885728809336654

Corbin, J., & Strauss, A. (2008). Basics of qualitative research: Techniques and

procedures for developing grounded theory (3™ ed.). SAGE Publications, Inc.

Damon, W., & Phelps, E. (1989). Critical distinctions among three approaches to peer
education. International Journal of Educational Research, 13(1), 9-109.

https://doi.org/10.1016/0883-0355(89)90013-x

Di Martino, P. (2018). Pupils’ view of problems: The evolution from kindergarten to the

end of primary school. Educational Studies in Mathematics, 100(3), 291-307.

https://doi.org/10.1007/s10649-018-9850-3

Ernest, P. (1991). The Philosophy of Mathematics Education. Falmer Press.

Erwin, E. J., Brotherson, M. J., & Summers, J. A. (2011). Understanding qualitative
meta-synthesis. Journal of Early Intervention, 33(3), 186-200.

https://doi.org/10.1177/1053815111425493

Evans, J., Morgan, C., & Tsatsaroni, A. (2006). Discursive positioning and emotion in
school mathematics practices. Educational Studies in Mathematics, 63(2), 209—

226.

134


https://doi.org/10.1007/s10649-018-9850-3

Finfgeld-Connett, D. (2010). Generalizability and transferability of meta-synthesis
research findings. Journal of Advanced Nursing, 66(2), 246-254.

https://doi.org/10.1111/j.1365-2648.2009.05250.x

Finfgeld-Connett, D. (2018). A guide to qualitative meta-synthesis. London: Routledge

Taylor & Francis Group.

Francisco, J. M. (2005). Students’ reflections on their learning experiences: lessons
from a longitudinal study on the development of mathematical ideas and
reasoning. The Journal of Mathematical Behavior, 24(1), 51-71.

https://doi.org/10.1016/j.jmathb.2004.12.005

Francisco, J. M. (2013). The mathematical beliefs and behavior of high school students:
Insights from a longitudinal study. The Journal of Mathematical Behavior,

32(3), 481-493. https://doi.org/10.1016/j.jmathb.2013.02.012

Furinghetti, F. & Pehkonen, E. (2002). Rethinking characterizations of beliefs. In G.
Leder, E. Pehkonen& G. Torner (Eds.), Beliefs: A hidden variable in
mathematics education? (pp. 39-57). Dordrecht, Boston, London: Kluwer.

Glaser, B. & Strauss, A. (1967). The Discovery of Grounded Theory. Aldine, Chicago,

IL.

Hannes, K., & Lockwood, C. (2011). Pragmatism as the philosophical foundation for
the Joanna Briggs meta-aggregative approach to qualitative evidence synthesis.
Journal of Advanced Nursing, 67(7), 1632—-1642. https://doi.org/10.1111/j.1365-

2648.2011.05636.x

135



Higgins, K. M. (1997). The Effect of Year-Long Instruction in Mathematical Problem
Solving on Middle-School Students’ Attitudes, Beliefs, and Abilities. The
Journal of Experimental Education, 66(1), 5-28.

https://doi.org/10.1080/00220979709601392

Hino, K. (2015). Comparing multiple solutions in the structured problem solving:
Deconstructing Japanese lessons from learner’s perspective. Educational Studies

in Mathematics, 90(2), 121-141. https://doi.org/10.1007/s10649-015-9626-y

Jablonka, E. (2005). Motivations and meanings of students’ actions in six classrooms
from Germany, Hong Kong and the United States. ZDM 37(5), 371-378.

https://doi.org/10.1007/s11858-005-0025-1

Jader, J., Sidenvall, J., & Sumpter, L. (2016). Students’ mathematical reasoning and
beliefs in non-routine task solving. International Journal of Science and

Mathematics Education,15(4), 759-776. doi:10.1007/s10763-016-9712-3 1

Ju, M.-K., & Kwon, O. N. (2007). Ways of talking and ways of positioning: Students’
beliefs in an inquiry-oriented differential equations class. The Journal of
Mathematical Behavior, 26(3), 267—-280.

https://doi.org/10.1016/j.jmathb.2007.10.002

Jurdak, M. E. (2006). Contrasting Perspectives and Performance of High School
Students on Problem Solving in Real World, Situated, and School Contexts.
Educational Studies in Mathematics, 63(3), 283-301.
https://doi.org/10.1007/s10649-005-9008-y

Kantowski, M. G. (1977). Processes involved in mathematical problem solving.

136



Journal for Research in Mathematics Education, 8(3), 163-180.

Lerch, C. M. (2004). Control decisions and personal beliefs: their effect on solving
mathematical problems. The Journal of Mathematical Behavior, 23(1), 21-36.

https://doi.org/10.1016/j.jmathb.2003.12.002

Lester, F. K. (1980). Research in mathematical problem solving. In R. J. Shumway
(Ed.), Research in mathematics education (pp. 286-323). Reston, VA: NCTM.
Lortie, D. (1975). Schoolteacher: A Sociological Study. London: University of
Chicago Press.

Loughran, J. J. (2006). Developing a Pedagogy of Teacher Education: Understanding
Teaching and Learning about Teaching. (1 ed.) Routledge.
https://doi.org/10.4324/9780203019672

Lynch, K., & Star, J. R. (2014). Views of struggling students on instruction
incorporating multiple strategies in algebra I: An exploratory study. Journal for
Research in Mathematics Education,45(1), 6

doi:10.5951/jresematheduc.45.1.0006

Major, C. H., & Savin-Baden, M. (2010). An Introduction to Qualitative Research
Synthesis: Managing the Information Explosion in Social Science Research (1st

ed.). Routledge.

Mandler, G. (1989). Affect and learning: Causes and consequences of emotional
interactions. In D. B. McLeod & V. M. Adams (Eds.), Affect and mathematical

problem solving: A new perspective (pp. 3-19). New York: Springer Verlag.

137


https://doi.org/10.1016/j.jmathb.2003.12.002

Martinez-Sierra, G., & Garcia-Gonzélez, M. D. S. (2015). Undergraduate mathematics
students’ emotional experiences in Linear Algebra courses. Educational Studies
in Mathematics, 91(1), 87-106. https://doi.org/10.1007/s10649-015-9634-y

Martino, P., & Zan, R. (2011). Attitude towards mathematics: A bridge between beliefs

and emotions. Zdm, 43(4), 471-482. doi:10.1007/s11858-011-0309-6

McCann, T., & Polacsek, M. (2018). Understanding, choosing and applying grounded
theory: part 1. Nurse Researcher, 26(3), 36—41.

https://doi.org/10.7748/nr.2018.e1592

McLeod, D. B. (1988). Research on learning and instruction in mathematics: The role
Of affect. In E. Fennema, T. P. Carpenter, & S. J. Lamon (Eds.), Integrating
research on teaching and learning mathematics (pp. 60-89). Madison, WI:
Wisconsin Center for Education Research, University of Wisconsin.

McLeod, D. B. (1988). Affective issues in mathematical problem solving: Some
theoretical considerations. Journal for Research in Mathematics Education,
19(2), 134-141. https://doi.org/10.2307/749407

McLeod, D. B., & Adams, V. M. (1989). Affect and Mathematical Problem Solving: A

New Perspective. New York: Springer New York.

McLeod, D. B. (1992). Research on affect in mathematics education: A
reconceptualization. In D. Grows (Ed.), Handbook of research on mathematics

teaching and learning (pp. 575-596). New York, NY: McMillan.

Mervis, D. (1978). Problem solving and the child. School Science and Mathematics, 78,

270-272.

138



Moyer, J. C., Robison, V., & Cali, J. (2018). Attitudes of high-school students taught
using traditional and reform mathematics curricula in middle school: a
retrospective analysis. Educational Studies in Mathematics, 98(2), 115-134.

https://doi.org/10.1007/s10649-018-9809-4

Mtetwa, D. & Garofalo, J. (1989). Beliefs about mathematics: An overlooked aspect of
student difficulties. Academic Therapy, 24(5), 611-618.

Mullis, I. V. S., Martin, M. O., Goh, S., & Cotter, K. (Eds.) (2016). TIMSS 2015
Encyclopedia: Education Policy and Curriculum in Mathematics and
Science. Retrieved from Boston College, TIMSS & PIRLS International Study
Center website: http://timssandpirls.bc.edu/timss2015/encyclopedia/

National Council of Teachers of Mathematics. (2000). Principles and Standards for
School Mathematics. Reston, VA: NCTM.

Noblit, G. W., & Hare, D. R. (1988). Meta-Ethnography: Synthesizing Qualitative

Studies (Qualitative Research Methods) (1st ed.). SAGE Publications, Inc.

Ohio Department of Education. (1980). Becoming a better problem solver 1 & 2.

Columbus: Ohio Department of Education

Paterson, B. L., Thorne, S. E., Canam, C., & Jillings, C. (2001). Meta-Study of
Qualitative Health Research: A Practical Guide to Meta-Analysis and Meta-

Synthesis (Methods in Nursing Research) (1st ed.). SAGE Publications, Inc.

Perkins, D. (2000). Archimedes’ Bathtub. The Art and Logic of Breakthrough Thinking.

W W Norton & Co Inc.

139


https://doi.org/10.1007/s10649-018-9809-4

Perrenet, J., & Taconis, R. (2008). Mathematical enculturation from the students’
perspective: shifts in problem-solving beliefs and behaviour during the bachelor
programme. Educational Studies in Mathematics, 71(2), 181-198.

https://doi.org/10.1007/s10649-008-9166-9

Piaget, J., & Inhelder, B. (1969). The Psychology Of The Child (2nd ed.). Basic Books.

Polya, G. (1945). How to solve it: A new aspect of mathematical method. New Jersey:

Princeton University Press.

Qaisar, S., Dilshad, M., & Butt, I. H. (2015). Influence of collaborative group work on
students' attitude towards mathematics. Journal of Educational Research, 18(1),

69-84.

Sandelowski, M., Barroso, J., & Voils, C. . (2007). Using qualitative meta-summary to
synthesize qualitative and quantitative descriptive findings. Research in Nursing

& Health, 30(1), 99-111. https://doi.org/10.1002/nur.20176

Satyam, V. R. (2020). Satisfying moments during the transition-to-proof:
Characteristics of moments of significant positive emotion. The Journal of
Mathematical Behavior, 59, 100784.

https://doi.org/10.1016/j.jmathb.2020.100784

Schindler, M., & Bakker, A. (2020). Affective field during collaborative problem
posing and problem solving: a case study. Educational Studies in Mathematics,

105(3), 303-324. https://doi.org/10.1007/s10649-020-09973-0

140



Schoenfeld, A. H. (1983b). Beyond the Purely Cognitive: Belief Systems, Social
Cognitions, and Metacognitions As Driving Forces in Intellectual Performance*.
Cognitive Science, 7(4), 329-363. https://doi.org/10.1207/s15516709cog0704_3

Schoenfeld, A.H. (1992). Learning to think mathematically: Problem solving,
metacognition, and sense making in mathematics. In D.A. Grouws (Ed.),
Handbook of Research on Mathematics Teaching and Learning (pp. 165-197).
MacMillan, New York.

Schoenfeld, A. H. (2016). Learning to Think Mathematically: Problem Solving,
Metacognition, and Sense Making in Mathematics (Reprint). Journal of

Education, 196(2), 1-38. https://doi.org/10.1177/002205741619600202

Schukajlow, S., Rakoczy, K., & Pekrun, R. (2017). Emotions and motivation in
mathematics education: theoretical considerations and empirical contributions.

ZDM, 49(3), 307-322. https://doi.org/10.1007/s11858-017-0864-6

Sidenvall, J., Lithner, J., & Jader, J. (2014). Students’ reasoning in mathematics
textbook task-solving. International Journal of Mathematical Education in
Science and Technology, 46(4), 533-552.

https://doi.org/10.1080/0020739x.2014.992986

Stern, P.N. & Harris, C.C. (1985). Women’s health and the self-care paradox: a model

to guide self-care readiness. Health Care for Women International 6, 151-163.

Scimago Journal & Country Rank. (n.d.). Scimagojr.Com. Retrieved January 28, 2021,

from https://www.scimagojr.com/

141



Stylianides, A. J., & Stylianides, G. J. (2014). Impacting positively on students’
mathematical problem-solving beliefs: An instructional intervention of short
duration. The Journal of Mathematical Behavior, 33, 8-29.

https://doi.org/10.1016/j.jmathb.2013.08.005

Thomas, C. A., & Berry 111, R. Q. (2019). A Qualitative Meta-synthesis of Culturally
Relevant Pedagogy & Culturally Responsive Teaching: Unpacking Mathematics
Teaching Practices. Journal of Mathematics Education at Teachers

College, 10(1), 21-30. https://doi.org/10.7916/jmetc.v10i1.1668

Thunder, K., & Berry, R. Q. (2016). Research Commentary: The Promise of Qualitative
Metasynthesis for Mathematics Education. Journal for Research in Mathematics

Education, 47(4), 318-337. doi:10.5951/jresematheduc.47.4.0318

Wenger, E. (1998). Communities of Practice: Learning, Meaning, and ldentity
(Learning in Doing: Social, Cognitive and Computational Perspectives) (1st

ed.). Cambridge University Press.

Yee, S. P., & Bostic, J. D. (2014). Developing a contextualization of students’
mathematical
problem solving. The Journal of Mathematical Behavior, 36, 1-19.

https://doi.org/10.1016/j.jmathb.2014.08.002

Yusof, Y. B. M. & Tall, D. (1998). Changing attitudes to university
mathematics through problem solving. Educational Studies in Mathematics,
37(1), 67-82. d0i:10.1023/A:1003456104875

Yore, L. D., & Lerman, S. (2008). Meta-synthesis of qualitative research studies in

142


https://doi.org/10.1016/j.jmathb.2014.08.002

mathematics and science education. International Journal of Science and

Mathematics Education, 6(2), 217-223. https://doi.org/10.1007/s10763-008-

9128

Wong, N. Y., Marton, F., Wong, K. M., & Lam, C. C. (2002). The lived space of
mathematics learning. The Journal of Mathematical Behavior, 21(1), 25-47.
https://doi.org/10.1016/s0732-3123(02)00101-3

Zimmer, L. (2006). Qualitative meta-synthesis: A question of dialoguing with texts.

Journal of Advanced Nursing, 53, 311-318.

143


https://doi.org/10.1007/s10763-008-9128
https://doi.org/10.1007/s10763-008-9128

	ACKNOWLEDGEMENTS
	ABSTRACT
	TABLES
	INTRODUCTION
	Background
	Affect and Problem-Solving
	Negotiation and Problem-Solving

	Rationale
	Affect, Meaning, and Educational Levels
	Affect, Meaning, and Educational Systems

	Purpose
	Research Questions
	Significance of the Study

	REVIEW OF THE LITERATURE
	Qualitative Meta-Synthesis
	Students’ Affective Relationship with Problem-Solving
	Research on Affective Relationship with Problem-Solving across Teaching /Learning Environments
	Group Work
	Collaborative Work
	Collaborative Work with Technology
	Collaborative Work with Teaching Strategies


	The Meaning Students Assign to a Problem and Problem-Solving
	Research on the Meaning Students Assign to a Problem and Problem-Solving Across Teaching/Learning Environments
	Conventional Classroom
	Group Work
	Collaborative Work
	Collaborative Work with Authentic Problem-Solving
	Real-Life Problem-Solving


	Conclusion

	CHAPTER 3
	METHODOLOGY
	Research Designs in a Qualitative Meta-Synthesis Study
	Elements of Qualitative Meta-synthesis
	The Initial Selection of the Articles
	Appraisal of Selected Articles
	Selected Studies Based on Appraisal
	Data Analysis


	Chapter 4
	RESULTS
	Students’ Negotiation of the Meaning of a Problem
	Theme Related to Students’ Negotiation of the Meaning of a Problem across Learning Environments
	Status Quo Learning Environments
	Alternative Learning Environments

	Theme Related to Students’ Negotiation of the Meaning of a Problem across Grade Levels
	Kindergarten and elementary
	Middle school
	High School
	University Level

	Theme Related to Students’ Negotiation of the Meaning of a Problem across Educational Systems
	Italy
	Hong Kong
	The USA


	Students’ Negotiation of the Meaning of Problem-Solving
	Theme Related to Students’ Negotiation of the Meaning of Problem-Solving across Classroom Learning Environments
	Status-Quo Classroom Environment
	Alternative Learning Environments

	Theme Related to Students’ Negotiation of the Meaning of Problem-Solving across Grade Levels
	Kindergarten and Elementary
	Middle School
	High School
	University Level
	Italy
	Japan
	Hong Kong
	The USA
	Netherlands
	Lebanon


	Students’ Negotiation of their Emotions towards Problem-Solving
	Definition of Emotion
	Theme Related to Students’ Negotiation of their Emotions towards Problem-Solving across Grade Levels
	Elementary School
	Middle School
	High School
	University Level

	Theme Related to Students’ Negotiation of their Emotions towards Problem-Solving across Learning Environments
	Status Quo Learning Environments
	Collaborative Work Learning Environments

	Theme Related to Students’ Negotiation of their Emotions towards Problem-Solving across Educational Systems
	Italy
	Pakistan
	Sweden
	Malaysia
	Mexico
	The  USA
	Hong Kong

	Students’ Negotiation of the Meaning and Emotions across Learning Environments

	Students’ Negotiation of the Meaning and Emotions across Grade Level
	Students’ Negotiation of the Meaning and Emotions across Educational systems

	CHAPTER 5
	CONCLUSION AND DISCUSSION
	Part I: Theoretical Interpretation of Students’ Negotiation of their Meaning of a Problem and Problem-Solving across Grade Levels, educational Systems and Classroom Environments
	Theoretical Perspective Used by Authors
	An Overview of Cognitive Theory
	An Overview of the Social Constructivist Theory
	Authors' Theoretical Interpretations in Status-quo learning environments
	Authors' Theoretical Interpretation in Alternative Learning Environment

	Theoretical Interpretation of the Meta-synthesis Finding on Student’s Meaning of a Problem and Problem-Solving

	Part II: Theoretical Interpretation of Students ‘Negotiation of their Emotions towards Problem-Solving across Grade Levels, educational Systems and Classroom Environments
	Theoretical Perspective Used by Authors
	An Overview of Socio-cultural Theories
	An Overview of social Constructivist and Cognitive Theories
	Authors' Theoretical Interpretations in Status-quo learning environments
	Authors' Theoretical Interpretation in Alternative Learning Environment

	Theoretical Interpretation of the Meta-synthesis Finding on Student’s Meaning of a Problem and Problem-Solving

	Limitations of the Study
	Implications of the Results to Research and Practice
	Suggestions for Further Research

	APPENDIX
	Theme Related to Students’ Negotiation of the Meaning of a Problem across Learning Environments

	REFERENCES

