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Abstract 
 
 

Title: Socio-critical Modeling and the Role of Mathematics in Society 

Author: Antonnette Marvlette Gibbs 

Major Advisor: Joo Young Park, Ph.D. 

 

Based on the socio-critical perspective of mathematical modeling this 

research investigated a tool termed MESH (Mathematics Expressing Society’s 

Hopes) designed to stimulate reflexive discussions about the role of mathematics in 

society. Constructivist grounded theory (Charmaz, 2014) methods were used to 

collect and analyze data from 27 students enrolled in two college algebra classes at 

a community college in the southernmost U.S. state. The research questions were:  

1. How does the MESH tool stimulate reflexive discussions about the role of 

mathematics in society during and after the technological, mathematical, and 

reflection activities, respectively?  

2. How do students understand the role of mathematics in society before and after 

the MESH tool? 

The findings suggest that reflexive discussions were produced by (a) 

personalizing modeling activities, (b) challenging taken-for-granted beliefs and 

values about the social issue at the mathematical level, (c) prescribing reflections 

beyond the mathematical level, and (d) reflecting individually on the learning 

process. Additionally, students understood the role of mathematics as a practical 
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tool as well the role of mathematics in technological and societal development. 

However, students saw very little connection between mathematics, citizenship, 

and democracy. These findings have been conceptualized as the core process of 

unboxing mathematics which is described as a process of deliberately opening 

mathematics in school to questions from the realm of students’ experiences for 

empowerment and establishing the relevance of mathematics in society. Unboxing 

mathematics includes the sub-processes of personalizing mathematics, challenging 

mathematics, voicing mathematics, and negotiating mathematics. The purpose of 

unboxing mathematics is establishing the relevancy of mathematics in everyday 

life. 

The major contribution of this research is a substantive theory grounded in 

the empirical data. The substantive theory of unboxing mathematics represents one 

interpretation of how reflexive discussions are stimulated and identifies classroom 

mathematical practices specific to the socio-critical modeling context of this study. 

It provides a framework for creating a culture of modeling as critic that may 

develop students’ reflective competence to see the role of mathematics in society. 

Implications and recommendations for research, teaching and teacher education are 

provided.  

Keywords: Social-critical Mathematical Modeling, Reflexive Discussions, 

Role of Mathematics in Society, Unboxing Mathematics  
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Chapter 1 

Introduction 

Background 

In a highly technological world formatted by mathematics (Skovsmose, 

1994; Skovsmose & Yasukawa, 2004), ordinary citizens who are not competent in 

using their mathematical knowledge to see the role of mathematics in society are 

subjugated to the competent few who wield the power of mathematics (Barbosa, 

2009; Niss, 1994; Skovsmose, 1994). Mathematics in the dominant Western 

tradition is the logical-deductive method of quantifying the physical world 

(number, space, time, and uncertainty) with its resulting “universal” concepts and 

symbolization (D'Ambrosio, 2001; Ellenberg, 2014; Hersh, 1997; Livio, 2009). 

Mathematical knowledge, predominantly learned in schools where it is 

common to assume that mathematics is a universal language, a neutral force in the 

development of civilization, is inconsequential in the development of an equal and 

just society, and thus not subject to critique. However, mathematical models and 

applications (MMAs) are used in non-mathematical areas of society to make 

decisions that influence, control, and transform our daily lives in both positive and 

negative ways (Barbosa, 2009; Blomhøj, 2009; Niss, 1994; Skovsmose, 1994). 

The role of mathematics in the development of a technological society is 

called the formatting power of mathematics (Skovsmose, 1994; Skovsmose & 

Yasukawa, 2004) and is often invisible and automated (Julie, 2002; Niss, 1994; 
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Skovsmose, 1994). In order to see the way in which mathematics shapes society, 

ordinary citizens need to develop the competence or skill to uncover and critique 

the hidden nature of mathematical models and applications and “react to any social 

contradictions” (Skovsmose, 1994) for the purpose of “developing and maintaining 

of societies based on equality and democracy” (Blomhøj, 2009, p. 11). The 

development of such competence and skill in school demands not only a different 

view of mathematics but a different kind and means of acquiring mathematical 

knowledge, specifically, a socio-critical mathematics modeling pedagogy. 

Socio-critical Mathematical Modeling  

Mathematical modeling in school usually focuses on one of two goals: the 

use of models to learn mathematics content or to develop modeling competencies 

(Julie, 2002). Julie (2002) suggested that teaching modeling competencies should 

include, “the scrutiny, dissection, critique, extension and adaption of existing 

models with the view to come to grips with the underlying mechanisms of 

mathematical model construction” (para. 2). Barbosa (2006) takes this idea one step 

further and argues for an explicit third goal of school modeling activities that 

prioritizes reflection upon the role of mathematics in society, or socio-critical 

modeling.  

Within the framework of socio-critical modeling “the learning of 

mathematical concepts and the development of “modelling competencies” are 

viewed as vehicles to criticize mathematical models” (p. 294). Socio-critical 
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mathematical modeling is distinguished by its foci: on a critical view of 

mathematical models and the consequences of these models in society, applications 

of modeling to real-life problems (social, political, economic, etc.), and 

empowerment of students and development of reflexive discourse among students 

(Blomhøj, 2009; Kaiser & Sriraman, 2006).  

Since mathematical models and applications are at the heart of 

understanding the role of mathematics in society, students must be provided with 

opportunities to engage in mathematical modeling activities with the expressed 

goal of critiquing MMAs in society (Barbosa, 2006; Galbraith, 2012). However, the 

invisibility of mathematics in technological designs used in daily life (Skovsmose, 

1994) confounds the practical implementation of this goal of mathematical 

modeling and challenges the justification for huge expenditures on mathematics 

education globally (Niss, 1994). There is global support for mathematical modeling 

in school as a key to helping students see the role of mathematics in society 

(National Council of Teachers of Mathematics (NCTM), 1989; National Governors 

Association Center for Best Practices, Council of Chief State School Officers 

(CCSSM), 2010; Organization for Economic Cooperation and Development 

(OECD), 2013) but the role of mathematics in society is not clearly defined in these 

curriculum documents (NCTM, 1989; CCSSM, 2010; OECD, 2013), and there is 

no clear modeling pedagogy to accomplish this task in the classroom.  
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Role of mathematics in society. The role of mathematics in society as 

referenced in these curriculum documents cannot simply be a tool to organize daily 

life. The role of mathematics extends beyond its function as a tool and is related to 

the position of mathematics as a transformative agent in non-mathematics spheres 

of society. Mathematical models as idealized formulations of real-world problems 

are used in decision making in many areas of society, but the criteria, assumptions, 

and values used in model construction is usually hidden and represents the 

worldview of the experts and a few interested parties (Barbosa, 2006; Julie, 2002; 

Niss, 1994; Skovsmose, 1994). At the same time, when the model is applied in 

society, it is disconnected from the modeling process and may serve completely 

different purposes than intended, different interests, or may be in contradiction to 

the values of the ordinary citizen (Skovsmose, 1994). Furthermore, mathematical 

models and applications impact societal development for better or worse (Barbosa, 

2009; Blomhøj, 2009; Niss, 1994; Skovsmose, 1998). On this basis, in this 

research, the role of mathematics in society is defined as the influential position 

(imprint) of mathematics in society through the use of mathematical models and 

applications in non-mathematical areas resulting in consequential impact on 

societal development.  

In practice, empirical studies on school modeling in the literature have the 

predominant goal of developing modeling competencies. Modeling competencies 

developed from practice with model construction in school may not necessarily 
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lead to competence in recognizing the role of mathematics in society. Although the 

socio-critical perspective of modeling provides a framework for using 

mathematical modeling to recognize and critique the role of mathematics in society, 

there is little research on implementing such a framework in practice. Further, the 

socio-critical perspective does not identify the skills needed for ordinary citizens to 

uncover and critique the role of mathematics in society nor how these skills should 

be developed.  

Reflexive discussions. Barbosa (2006) suggests that socio-critical modeling 

is constituted in practice through student reflexive discussion during modeling 

activities. There are other types of discussions during the modeling process: 

mathematical – discussions that are purely mathematical; and technological – 

discussions about constructing the mathematical model (Barbosa, 2006; 

Skovsmose, 1994). A reflexive discussion involves discourse about the nature, 

criteria, and consequences of the mathematical models (Barbosa, 2006) and occurs 

when students compare model criteria and consequences of those criteria. Barbosa 

(2006) argues that the mere presence of reflexive discussions during the modeling 

activity is insufficient to develop the competence of critique and “stimulating 

reflexive discussions should be a primary goal” (p. 298). 

In practice, priority should be given to including reflexive discussions with 

the other discussions as support and providing an opportunity for students to think 

about the role of mathematics in society (Barbosa, 2006). It becomes necessary to 
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guide student’s reflections and help them unpack their thinking so that they are 

more likely to contemplate the role of mathematics in decision-making in various 

spheres of their everyday life. Theoretically, it may be possible to stimulate 

reflexive discussions about the role of mathematics in society, but questions 

emerge regarding how modeling activities would this look in practice?  

A theoretical representation of the connection between mathematical 

modeling and the role of mathematics in society is presented in Figure 1.1.  

 

Figure 1.1. Factors that influence the process of understanding the role of 
mathematics in society. 
 

Role of 
Mathematics 

in Society

Modeling 
Process

Consequences 
of Modeling 

Process

Products of 
Modeling 
Process
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While it is important to critique the modeling process (cycle) itself, the productions 

of modeling and the consequences of such productions should also be subjected to 

critique in order to understand the role of mathematics in society. The dark lines 

represent the connections that students need to make between the modeling 

process, products of the modeling process, consequences of production and the role 

of mathematics in society. The interrelated process is indicative of the possibility of 

understanding the role of mathematics without engaging linearly in each 

component. As represented, it is not guaranteed that students can form these 

connections or understand the role of mathematics in society through the 

mathematical modeling process alone. Essentially, modeling in the school context 

should be extended to include a critical element, or according to Barbosa (2006), 

modeling as critic. 

Table 1.1 (p. 8) summarizes the MESH theoretical framework in Figure 1.1 

(p. 6). Each goal-directed activity includes both a tool and a goal supported by 

mathematical knowledge and modeling competencies. As a tool, each activity 

attempts to stimulate reflective discussions and critique; as a goal, each guide 

represents connections that are established while uncovering the role of 

mathematics in society. Goal-directed activities for stimulating reflexive 

discussions about the role of mathematics in society aid in the development of 

students’ reflective competence and are termed MESH. The acronym MESH stands 

for Mathematics (Modeling) Expressing Society’s Hopes. The stated goals of 
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MESH are accomplished through processes of self-reflection, reflection, and 

reaction while engaging in the three activities sequential (technological, 

mathematical, and reflection) and working in cooperative groups. 

 

Table 1.1  

Summary of MESH Structural Framework 

MESH Structural Framework 
 Technological Mathematical Reflection 
Goal Reflection on 

Modeling Process 
Make sense of the 
real-world problem 
by engaging in the 
modeling process.  

Reflection on Models 
Examine criteria, 
assumptions, and 
values embedded in 
products of the 
modeling process 
(models). 

Reflection on 
Applications of 
Models 
Scrutinize the 
criteria, 
assumptions, 
values, and 
consequences of 
productions of the 
modeling process 

Process Reflecting with 
Mathematics 
Students construct a 
model of the real-
world problem in 
cooperative groups. 
Self-reflections and 
group reflections are 
used to identify and 
evaluate student 
perception and 
reactions to real-
world problem. 

Reflecting on 
Mathematics  
Students compare and 
contrast various models 
of the real-world 
problem by identifying 
the criteria, 
assumptions, and 
values embedded in the 
models.  

Reflecting through 
Mathematics 
Students engage in 
guided reflections 
on the effects of the 
products of 
modeling. Students 
evaluate, analyze, 
and make 
predictions about 
the consequences of 
the products of 
modeling. 
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Research Problem 

 The socio-critical perspective of mathematical modeling is a fairly recent 

research area of mathematical modeling despite its connection to the emancipatory 

perspective (Kaiser & Sriraman, 2006). I was able to find little guidance in the 

literature on how to design and plan modeling activities that would stimulate 

reflexive discussions in practice. There is some literature published within the 

Brazilian Mathematical Modeling community in Portuguese; however, these were 

not accessible to me due to language. The accessible literature on socio-critical 

modeling is due in part to the work of Barbosa (2003, 2006, 2009, 2010) who 

recommends further study into stimulating reflexive discussions in practice. 

Additionally, while international curriculum documents (CCSSM, 2010; NCTM, 

1989; OECD, 2013) allude to the role of mathematics in society, this role is not 

clearly defined in these curriculum documents or adequately distinguished from the 

scientific role of mathematics in society. Thus, this research was motivated by the 

sparse research on socio-critical mathematical modeling, the need to identify 

pedagogical practices for stimulating reflexive discussions and understanding the 

role of mathematics in society. 

Purpose of Study  

 The purpose of this qualitative study was to identify a method for 

stimulating reflexive discussions about the role of mathematics in society amenable 

to classroom practice. Specifically, the study explored a pedagogical tool termed 
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MESH constructed to stimulate reflexive discussions during modeling activities 

and develop student reflective competence to see the role of mathematics in 

society. The study also investigated students’ understanding of the role of 

mathematics in society.  

Research Questions 

The guiding research questions were stated as follows.  

Research Question 1: How does the tool MESH tool stimulate reflexive discussions 

about the role of mathematics in society during and after the technological activity? 

Research Question 2: How does the tool MESH tool stimulate reflexive discussions 

about the role of mathematics in society during and after the mathematical activity? 

Research Question 3: How does the tool MESH tool stimulate reflexive discussions 

about the role of mathematics in society during and after the reflection activity? 

Research Question 4: How do students understand the role of mathematics before 

and after engaging in modeling activities using the MESH tool? 

Significance of Study 

 The world is mathematized, and productive citizenry requires at least 

mathematics literacy (Atweh, 2007). Mathematization means that many of the 

technologies we would be hard-pressed to live without in our daily lives are 

productions of mathematics (Jablonka & Gellert, 2007; Skovsmose, 2012). The 

kind of mathematics literacy necessary “… assists individuals to recognize the role 

that mathematics plays in the world and to make the well-founded judgments and 
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decisions needed by constructive, engaged and reflective citizens” (OECD, 2013, p. 

25). Gutstein (2003) takes a more critical approach to defining the outcomes of 

mathematics literacy and defines it as developing the capacity to, 

understand relations of power, resource inequities, and disparate 

opportunities between different social groups and to understand explicit 

discrimination based on race, class, gender, language, and other differences. 

Further, it means to dissect and deconstruct media and other forms of 

representation and to use mathematics to examine these various phenomena 

in one’s immediate life and in the broader social world and to identify 

relationship and make connections between them. (p. 45). 

Regarding Gutstein’s (2003) view on mathematics literacy, it is not unreasonable to 

ask, where’s the mathematics? However, this is precisely the same question facing 

us all in a world that is automated by mathematics models and applications where 

the mathematics of a few experts and their interests is an unseen force shaping 

every aspect of our very existence for better or for worse.  

It is clear that decontextualized mathematical knowledge emphasizing 

mastery of the dominant cultural concepts and symbolization is of little value to the 

ordinary citizen in a multi-cultural technological society. The mathematical 

knowledge that is needed, to put it simply, is no longer just learning to count and 

add but the skill and competence to see the hidden mathematics or as Niss (1994) 

says, “provide the common citizen with insight into the nature of the experts’ 



 

12 
 

expertise…” (p. 376) for the purpose of empowerment and critical engagement in 

the development of a just and equal society. Since mathematics is taught in schools, 

it becomes necessary to formulate pedagogical practices that bridge the gap 

between mathematics in school and mathematics in everyday life. It is within this 

larger socio-political context that this research is situated.  

Scholars, education practitioners and national governments alike, have 

advocated for an increase in mathematical modeling in schools to assist students 

with developing a critical, reflective mathematics competence. Mathematical 

modeling in school as a way of contextualizing mathematics has gained 

prominence in educational directives but still struggles to gain traction in the day-

to-day teaching of mathematics. Furthermore, mathematical modeling with its 

current emphasis on teaching content or modeling competencies does not go far 

enough to critique models and applications in society which is what students need 

to be able to do to understand the invisible way in which mathematics is shaping 

their lives. 

This research adds to the body of knowledge on pedagogical practices of 

socio-critical mathematical modeling. Specifically, this study contributes to the 

sparse empirical research on stimulating reflexive discourse during mathematical 

modeling. Beyond understanding student reflexive discourse during modeling and 

pedagogical implications of socio-critical modeling, this study provides one of the 

approaches to reflection and critique about the role of mathematics in society 
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during mathematical modeling. Such approaches are needed to provide a counter-

narrative to and a means to reshape the deeply entrenched objective and neutral 

view of mathematics in society for the purposes of developing a society of equity 

and justice. 

Definition of Terms 

Key terms relevant to this research are defined operationally below.  

1. Applications refer to the use of mathematics to address issues in non-

mathematical domains (Blum, Galbraith, Henn & Niss, 2007).  

2. Challenging mathematics can be described as testing students’ experiences 

with and expectations of mathematics against social reality and making 

reassessments. 

3. Establishing Relevancy is described as the process of associating the role of 

mathematics in society with the usability of mathematics in everyday life. 

4. Final Stance refers to the student’s position on or reaction to the social issue 

in question after completing the reflection activity. 

5. Initial Stance refers to the student’s position on or reaction to the social issue 

in question after completing the technological activity.  

6. Intermediate Stance refers to the student’s position on or reaction to the social 

issue in question after completing the Mathematical Activity. 
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7. MESH stands for Mathematics Expressing Society’s Hopes and represents the 

proposed three-step discursive tool that uses reflection and critique to develop 

the competence to see the role of mathematics in society. 

8. MMAs refers to Mathematical Modeling and Applications. 

9. Mathematical Models refers to the means by which we represent a problem 

originating in the non-mathematical domain to the mathematical domain 

(Blum, Galbraith, Henn & Niss, 2007). 

10. Mathematical Discussions refers to discussions about mathematics concepts, 

calculations, formulas, etc. relevant to the task at hand (Barbosa, 2006; 

Skovsmose, 1994). 

11. Modeling Process refers to a systematic process of constructing the 

mathematical model and is usually representing by a diagram (Blum, 

Galbraith, Henn & Niss, 2007).  

12. Negotiating mathematics is defined as the constant balancing of experiences 

with and expectations of mathematics during mathematical modeling 

activities. 

13. Parallel Discussions refers to discourse that is neither reflexive, mathematical, 

or technological that occurs alongside these other discussions but gets ignored 

and does not inform the task at hand (Barbosa, 2006). 
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14. Personalizing mathematics can be described as referencing personal 

experiences and/or applying personal strategies to successfully construct a 

realistic mathematical model of a social issue. 

15. Reaction refers to an action-oriented response to social contractions as a result 

of reflection and critique of the role of mathematics in society. 

16. Reflexive Discussion refers to discourse about the nature, criteria, and 

consequences of the social issue under investigation, the modeling process, 

the products of modeling process (models), and the consequences of the 

application of those models in society (Barbosa, 2006; Skovsmose, 1994). 

Alternatively, reflexive discussions are reflections about and evaluations of 

the application of mathematics in society ((Barbosa, 2006; Skovsmose, 1994). 

17. Reflection utilizes the generally understood notion of what it means to engage 

in the process of “giving thought to actions” (Skovsmose, 2012, p. 72). In this 

research, reflection is the cooperative process and product of interrogating the 

criteria, assumptions, beliefs, and values related to the social issue under 

investigation, the modeling process, the products of modeling, and the 

consequences of the applications of those models in society.  

18. Role of mathematics in society is defined as the influential position (imprint) 

of mathematics in society through the use of mathematical models and 

applications in non-mathematical areas resulting in consequential long-term 

impact on societal development. 
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19. Self-reflection is the personal, individual reflection that may occur naturally 

in everyday life (Skovsmose, 1994). In this research, self-reflection is the 

process and product of interrogating one’s beliefs, values, criteria, and 

assumptions related to the social issue under investigation, the modeling 

process, the products of modeling, and the consequences of the applications 

of those models in society.  

20. Technological Discussions refers to discourse about constructing the model or 

completing the modeling task (Barbosa, 2006; Skovsmose, 1994). 

21. Unboxing mathematics is the core category of the substantive theory of this 

research. Unboxing mathematics can be described as a process of deliberately 

opening mathematics in school to questions from the realm of students’ 

experiences for empowerment and establishing the relevance of mathematics 

in society. 

22. Voicing mathematics is used to describe how students individually and 

collectively expressed feelings, attitudes, and positions about mathematics 

and the social issue during modeling activities.  
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Chapter 2 

Literature Review 

Introduction 

There were two main stages of literature review in this study. The first 

literature review is related to the development of the pedagogical tool MESH. This 

literature review consists of definitions of the role of mathematics in society; socio-

critical and mathematical modeling perspectives; the cases for stimulating reflexive 

discussions; and finally, theoretical bases for stimulating reflexive discussions in 

practice along with the conceptualization of the proposed tool MESH. 

The second literature review was conducted after completing data analysis 

and identification of core concepts. There is disagreement in the literature about 

when to conduct literature reviews in grounded theory studies. Glaser and Strauss 

(1967/1999) strongly advise against any form of literature review before 

undertaking a grounded theory study. In their view, the researcher’s perspective is 

biased by surveying the literature. Charmaz (2014) does not share this view and 

acknowledges that researchers enter the research context with knowledge of the 

extant literature; foregoing an early but limited literature review may result in 

duplicating old problems; and requirements of dissertation committees, funding 

agencies, and other stakeholders often require a literature review. While the first 

literature review addressed the scope of research problems, which led to 
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appropriate research questions, the second literature review situated the substantive 

theory in the extant literature. 

First Literature Review: Theoretical Framework of the Proposed Tool MESH 

The Role of Mathematics in Society 

In connecting socio-critical modeling with the role of mathematics in 

society, two poignant questions arise: First, what is the role of mathematics in 

society? Second, how does socio-critical modeling help students understand the 

role of mathematics in society? The discussion that follows examines the extant 

literature and tries to determine what could be the meaning of the role of 

mathematics in society and how to teach this in school using mathematical 

modeling.  

The role of mathematics in society can be investigated broadly from two 

perspectives, mathematics as pure science and mathematics as applied to non-

mathematical areas of society (Niss, 1994). As a pure science, mathematics is 

focused on the development of its essential nature without attaching importance to 

external (of mathematics) usefulness; as applied science, mathematics comes to the 

aid of external disciplines (Hersh, 1997; Niss, 1994; Rooney, 2009). Hardy (1992), 

the renowned English mathematician, suggests two mathematics: one as a creative 

work of art carried out by pure mathematicians, that has no practical useful 

purpose; and the other as school mathematics (up to integral and differential 

calculus), which when further refined in higher education becomes useful for 
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studies in other relevant disciplines. Hardy defines usefulness as the development 

of mathematical knowledge that directly or indirectly improves people’s happiness 

and well-being. Pure mathematicians would differ with Hardy, arguing that pure 

mathematics is at the heart of applied mathematics (Niss, 1994). Hardy (1992), 

however, brings into focus an important aspect of mathematics: what mathematics 

and mathematics knowledge should do, namely, improving people’s well-being 

directly or indirectly and this is predominantly accomplished through applied 

mathematics. On this basis, this research focuses on the role of mathematics as 

applied science or when mathematics is intentionally used for some practical 

purpose outside of mathematics. 

Mathematics is linked to societal function and development through 

applications in non-mathematical areas (Niss, 1994; Skovsmose, 1994); however, 

its influence is not generally recognized because mathematics operates in the 

background (Niss, 1994; Skovsmose, 1994) and significantly impacts one’s 

everyday life. The domains of everyday life where mathematics exerts hidden 

influence may be divided into four broad categories or contexts where individuals 

may encounter mathematics as described by the Program for International Student 

Assessment (PISA). These areas are: (a) personal, relating to family and peers; (b) 

occupational, work life; (c) societal, relating to the local, national or global 

community; and (d) scientific, mathematics as applied in the natural and 

technological worlds (OECD, 2013). While there are innumerable ways in which 
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mathematics may exert its influence in the aforementioned contexts, the role of 

mathematics in society can be understood by its function as a tool (Niss, 1994; 

Seah & Bishop, 2002) in everyday life; as a basis for technological development 

(Niss, 1994; Skovsmose, 1994); and in its role in promoting democracy and 

citizenship (D’Ambrosio, 1999; Gutstein, 2003; Niss, 1994; Skovsmose, 1994).  

The role of mathematics as a practical tool. The most recognizable role of 

mathematics in society by the ordinary citizen is in its utility and function as a tool 

to organize and simplify one’s everyday life (Seah & Bishop, 2002; Niss, 1994). 

The simplest conceptualization of mathematics to the ordinary citizen are often 

references to the ubiquity of numbers in their day-to-day activities or personal life. 

Cooke (2005) broadly considers numbers (counting) along with concepts of space, 

symbols, and inferences as an innately human way of thinking called mathematics, 

shared alike by different cultures. Mathematically literate citizens use mathematics 

numeracy at a basic level to organize and function in everyday situations like 

shopping, cooking, commerce, and the like.  

There is a diversity of occupations that utilizes recognizable mathematics 

(i.e., numbers in varying degrees). The cashier at the local gas station, the 

carpenter, pharmacy, most of which do not necessitate training in pure mathematics 

but acknowledge the role of mathematics as a tool in their professional lives. 

Specialty fields of studies like prediction, decision theory, and forecasting use well-

developed mathematical tools are expanding the reach of mathematics in society 



 

21 
 

(Niss, 1994). There is a host of non-mathematics fields where mathematics is 

indispensable like engineering, economics, and physics to name a few. 

Mathematics is at the heart of the computing tools that we can hardly live without. 

Thus, at its simplest level, one role of mathematics in society is its use as a 

practical tool both directly and indirectly. 

The role of mathematics in technological design. Less recognizable by 

the ordinary citizen is the role of mathematics in technological design. Skovsmose 

(1994) identifies the role of mathematics in the development of a technological 

society as the “formatting power of mathematics” (p. 36). This means that 

mathematics is acting upon society in a mostly indirect and invisible way through 

mathematical modeling and applications. In this case, the role of mathematics is 

associated with what mathematics is doing or what Skovsmose (2011) calls 

mathematics in action. Applications refer to the use of mathematics to address 

issues in non-mathematical domains; a mathematical model is the means of 

representing the issue between the non-mathematical and mathematical domains; 

and the modeling process is systematic actions necessary to construct the model 

(Blum, Galbraith, Henn & Niss, 2007).  

The ubiquity of mathematics in the behind-the-scenes design of 

technologies results in what Niss (1994) calls the relevance paradox, where the 

historical growth in the significance of mathematics in society is contradicted by its 

perceived irrelevance in an increasingly automated society. Nowhere is this 
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relevance paradox more evident than in the typical American mathematics 

classroom. Most students would complain about the uselessness of mathematics in 

their daily life and future careers (Ellenberg, 2014) due to its invisibility while 

subscribing to the educational requirements that make mathematics credentials 

mandatory. 

Niss (1994) further suggests that mathematics has influenced the 

development of both material and immaterial technology as well as cultural 

techniques so that mathematics is embedded in the very fabric of society. He 

defines material technology as actual physical objects like computers, mobile 

phones, the internet, and the like. Immaterial technology refers to social practices 

that are made possible by directly employing sophisticated mathematics tools such 

as “prediction, decision-making, and control in the social sphere; description and 

forecasting of phenomena and events in segments of nature…; utilization and 

allocation of natural resources…and design, operation and regulation of industrial 

and socio-technical systems” (p. 369). Niss’ (1994) immaterial technology is akin 

to Skovsmose’s (2012) characterization of mathematics as an invisible technology 

itself. That is mathematics is used to make quantitative analyses spanning various 

degrees of sophistication and shapes how people understand their world. 

Cultural techniques refer to the ways in which the technologies shape how 

we accomplish daily activities like shopping, banking, measuring, and a whole host 

of other activities that are essentially a part of a technological society. One example 
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of cultural techniques is the evolution of the calculator in the mathematics 

classroom and in general since the first electronic adding device was made popular 

in the 1970s. The calculator has evolved into more and more complex hand-held 

machines that complete complicated mathematics in a few steps that were not 

possible before its invention. In today’s society, the basic calculator is collecting 

dust since every mobile device and computer has a calculator installed. 

Mathematics was instrumental in the material technology (the calculator), but the 

way society carried out mathematics, using the calculator, has become embedded in 

our society.   

Since the role of mathematics in technological development is largely 

hidden, it becomes necessary to articulate a means by which the hidden 

mathematics can be brought into focus. Using Niss’ (1994) and Skovsmose’s 

(2012) characterizations, understanding the role of mathematics in technological 

development implies understanding how a piece of mathematics in action 

contributes the development of material technology, immaterial technology, and 

cultural practices.   

The role of mathematics in democracy and citizenship. The role of 

mathematics, democracy, and citizenship is connected to particular views of the 

purpose of mathematics education. Globally, there is support for students to see the 

role of mathematics in society through increasing mathematical modeling in school 

(CCSSM, 2010; NCTM, 1989; OECD, 2013). PISA’s (OECD, 2013) definition of 
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mathematics literacy includes the following outcome, “It (mathematical literacy) 

assists individuals to recognize the role that mathematics plays in the world and to 

make the well-founded judgments and decisions needed by constructive, engaged 

and reflective citizens” (p. 25). These curriculum documents allude to some greater 

purpose for mathematics literacy beyond basic numeracy, but they do not explain 

what is meant by the role of mathematics in society, how mathematics literacy 

facilitates this goal, nor how recognizing the role of mathematics in society informs 

citizenship.   

Beyond the altruistic notions of national governments as expressed in 

curriculum documents, the idea of mathematics serving a greater societal good is 

often associated with varying notions of citizenry and democracy: reflective and 

critical citizen (OECD 2013, Skovsmose, 1994), engaged and productive citizen 

(OECD, 2013), and intelligent citizen (Pollak, 2007), mathematics for social justice 

(Gutstein, 2003; 2006), Education for Global Citizenship (Ikeda, 2010), 

Makiguchi’s (1981-1988) value-creating education (Makiguchi, 1981-1988; Park, 

2014), intelligent and concerned citizenship or mathematics for democracy (Niss, 

1994). 

Freire (1970) saw education as a means of liberation from an oppressive 

democracy. According to D’Ambrosio (1999), education was devised by societies 

as a means to develop citizenship and creativity. D’Ambrosio (1999) defines 

citizenship in terms of rights and responsibilities and education and societies teach 
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past values and promotion of the future development of society. Makiguchi’s 

(1981-1988) pedagogy of value-creation and Education Towards Global 

Citizenship (Ikeda, 1996) movement asserts that the purpose of education is the 

happiness of the learner which is accomplished through the creation of value 

(Ikeda, 2010; Makiguchi, 1981-1988). Value is created when the learner finds 

meaning in life, improve one’s life, and contribute to the welfare of others in their 

community (Ikeda, 2010; Park, 2014). The common thread in all these various 

expressions of the purpose of education in general and mathematics by extension is 

the need for education to become a socially transformative force in society. 

In today’s educational systems worldwide, one observes the extent to which 

mathematics and science education monopolizes budgets and priorities primarily 

due to the difficulty in obtaining sound mathematics qualifications in secondary 

schools and its perceived value in advancing society (Niss, 1994). Whereas the 

need for mathematics as a means of economic development and access to future 

careers is debatable (Atweh, 2007), the world is mathematized, and productive 

citizenry requires at least mathematics literacy (Atweh, 2007). If education does 

indeed develop citizenship and mathematics education has a high financial value, 

then mathematics becomes significant in the development of citizenship and 

creativity.  

Based on the varying roles of mathematics as a tool, a basis for 

technological design, a catalyst for citizenship and democracy, a definition of the 
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role of mathematics in this research is formulated as follows: the role of 

mathematics in society is defined as the influential position (imprint) of 

mathematics in society through the use of mathematical models and applications in 

non-mathematical areas resulting in consequential impact on societal development 

(democracy and citizenship).   

Socio-critical Modeling and the Role of Mathematics in Society 

Mathematical modeling and applications, in general, are advocated as key in 

developing mathematically literate citizens and form a part of national and 

international curriculums and assessment of mathematics competencies 

(CCSSM,2010; NCTM, 1989; OECD, 2013). Applications refer to the use of 

mathematics to address issues in non-mathematical domains; a mathematical model 

is the means of representing the issue between the non-mathematical and 

mathematical domains; and the modeling process is systematic actions necessary to 

construct the model (Blum, Galbraith, Henn & Niss, 2007). 

Mathematical modeling and applications in school usually focus on one of 

two goals: the use of models to learning mathematics content or developing 

modeling competencies (Julie, 2002; Blum, Galbraith, Henn & Niss, 2007). 

According to Skovsmose (2011), the modern view of mathematics does not lead to 

critical mathematics education priorities. In other words, critique and reflection 

about the role of mathematics in society is neither an outcome of modern 

mathematics education nor an explicit goal of mathematical modeling and 
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applications. Values, beliefs, judgments, activism are not notions commonly 

prioritized in a prototypical mathematics classroom. This is not to say that beliefs 

and values do not enter the mathematics classroom (Bishop, 2008), they certainly 

formulate the culture of the education context, but, as a priority in mathematics 

education, critique and reflection is absent. 

Julie (2002) suggested that teaching modeling competencies should include, 

“the scrutiny, dissection, critique, extension and adaption of existing models with 

the view to come to grips with the underlying mechanisms of mathematical model 

construction” (para. 2). Barbosa (2006) advances this idea one step further and 

argues for an explicit third goal of school modeling activities which prioritizes 

reflection upon the role of mathematics in society, or socio-critical modeling. The 

socio-critical perspective evolved out of the emancipatory perspective (Kaiser & 

Sriraman, 2006) and is related to D’Ambrosio’s (1999) program ethnomathematics 

and Skovsmose’s (1994, 2012) critical mathematics perspective. The socio-critical 

perspective on mathematical modeling is distinguished by its focus on: critical view 

of mathematical models and the consequences of these models in society, applying 

modeling to real-life problems (social, political, economic, etc.), empowerment of 

students and development of reflexive discourse among students (Blomhøj, 2009; 

Kaiser & Sriraman, 2006). Barbosa (2006) has used the metaphor, modeling as 

critic to describe the socio-critical perspective and this use of modeling in the 

teaching and learning mathematics.  
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Blomhøj (2009) identifies three sources of critical reflection in the socio-

critical modeling perspective: (1) the process (or sub-process) of modeling; (2) real 

applications of the mathematical models, (3) and socio-political issues for which 

the models are used to make decisions. He suggests that there is a need for further 

analysis of how to support the development of a student’s critical consciousness 

during the modeling process since the objects of critique and reflection can vary 

and particularly regarding reflections on real applications of mathematical models. 

Since the application of mathematical models and the consequences of these 

models continue to play a role in the development of society for good or bad, 

according to Blomhøj (2009),  

the development of an expert and layman competence [emphasis added] in 

the general population to critique mathematical models as well and the ways 

in which they are used in decision making is becoming imperative for the 

developing and maintaining of societies based on equality and democracy. 

(p. 11) 

The methodology for developing this layman competence of the role of 

mathematics in society practically is not clearly articulated in the literature. 

Additionally, while Kaiser and Sriraman (2006) have identified socio-critical 

modeling as one of six different modeling perspectives, they do not consider socio-

critical modeling as a necessary third modeling genre. One of the goals of this 

research is to advance Barbosa’s (2006) view of using mathematical modeling to 
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critique the role of mathematics in society as an explicit third goal of modeling in 

school and investigates a methodology to accomplish this task in the classroom. 

Barbosa (2006) suggest that socio-critical modeling is constituted in 

practice through student reflexive discussions during modeling activities. A 

reflexive discussion is a discourse about the nature, criteria, and consequences of 

the mathematical models (Barbosa, 2006). There are other types of discussions 

during the modeling process: mathematical—discussions that are purely 

mathematical and technological—discussions about constructing the mathematical 

model (Barbosa, 2006). Parallel discussions cannot be classified as technological, 

mathematical, or reflexive and do not play a role in model building (Barbosa, 

2010). Socio-critical modeling privileges the reflexive discussions (Barbosa 2006; 

2010). While the transition between the technological, mathematical, and reflexive 

discussions occurs at points of stalemate or conflicts during the modeling process, 

Barbosa (2009) highlights two situations in which reflexive discussions occur: a 

comparative analysis of student-constructed models and debates about model 

criteria. Barbosa (2006) argues that the mere presence of reflexive discussions 

during the modeling activity is insufficient to develop such competence of critique 

and “stimulating reflexive discussions should be a primary goal” (p. 298). In 

practice, priority should be given to reflexive discussion with the other discussions 

as support and providing an opportunity for students to think about the role of 

mathematics in society (Barbosa, 2006). 
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Mathematical models and applications (MMAs) are used in non-

mathematical areas of society to make decisions which control and transform our 

daily lives in both positive and negative ways (Barbosa, 2009; Blomhøj, 2009; 

Niss, 1994; Skovsmose, 2005). At the same time, the criteria, assumptions, and 

values used in model construction is usually hidden and represents the worldview 

of the experts and a few interested parties (Barbosa, 2006; Julie, 2002; Niss, 1994; 

Skovsmose, 1994). When the model is applied in society, it is disconnected from 

the modeling process and may serve completely different purposes than intended, 

different interest or may be in contradiction to the values of the ordinary citizen 

(Skovsmose, 1994). Therefore, in a highly technological world shaped by 

mathematics, ordinary citizens who are not competent in using their mathematical 

knowledge to understand the role of mathematics in society are subjugated to the 

competent few who wield the power of mathematics. This hidden nature of 

mathematics in a democratic society demands reflexive discourse. Since 

mathematics knowledge is predominantly learned in school settings, reflexive 

discussions to identify hidden criteria, assumptions and values of mathematical 

models and applications need to be a priority in the teaching and learning of 

mathematics. 

De Lange (2001) suggested there is a difference between mathematical 

knowledge in school and mathematics used in real life context. When ordinary 

citizens encounter mathematical models and applications in real life context, the 
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model is already constructed and is being applied, therefore the real skill needed by 

students as citizens is a way to deconstruct the modeling cycle supported by 

mathematical knowledge and modeling competencies or according to Niss (1994), 

“provide the common citizen with insight into the nature of the experts’ 

expertise…” (p. 376).   

Research is needed to determine the precise set of processes that are needed 

by ordinary citizens to connect the role of mathematics when confronted with 

applications of mathematics in various spheres of society (Niss, 1994). Research is 

also needed to determine how to develop these skills in the education setting and 

whether they are transferable from the school setting to everyday life. Without the 

benefit of such a large research agenda, the following discussion suggests a 

possible approach to identifying the processes or skills that need to be activated in 

real life when trying to understand the role of mathematics in society as defined. 

NCTM (1989) identifies five process standards by which students acquire 

and use mathematics proficiently: problem-solving, reasoning and proofs, 

connections, representation, and communication. OECD (2013) identifies three 

processes used by mathematically literate students: formulate, employ, and 

interpret. A common thread in these curriculum documents is the role of 

mathematical modeling in the development of these processes. Presently, 

mathematical modeling is still not pervasive in schools even in nations such as 

Germany, Netherlands, and Denmark that have a long tradition of mathematical 
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modeling in primary and secondary education. Mathematical modeling, while 

aspirational in the United States has not taken root in the classroom. Arguably, 

developing modeling competencies alone does not go far enough to help students 

understand the role of mathematics in society but aligned with critique and 

reflection about not only the modeling process but the productions and 

consequences of that process, it may be possible to help students make the 

connection between mathematics and the world they live in. Theoretically, this 

relationship is depicted in Figure 1 (p. 6). As represented, it is not guaranteed that 

students can make these connections on their own or understand the role of 

mathematics in society through the mathematical modeling process alone. 

The first task then becomes identifying a set of skills or processes indicated 

by the bold lines in Figure 1 (p. 6) that must be developed to help students make 

these connections. Skovsmose (2011) argues that mathematics is acting upon 

society both implicitly and explicitly and such actions ought to be subjected to 

judgment or critique and reflection. Skovsmose’s (1994) identifies three demands 

of critique in education: self-reflections, reflections and reactions. This research 

proposes these three processes as an apt theoretical starting point for helping 

students understand the role of mathematics in society.  

Reflection utilizes the generally understood notion of what it means to 

engage in the process of “giving thought to actions” (Skovsmose, 2011, p. 71). 

However, attention is given to reflections on mathematics, reflection with 
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mathematics, and reflection through mathematics (Skovsmose, 2011). The 

discussion that follows summarizes Skovsmose’s (2011) descriptions of these 

concepts. Reflections with mathematics refer to the examination of a particular 

phenomenon through the lens of mathematics, i.e., quantitative analysis. 

Fundamentally, grasping a complex social issue on the basis of reduction to a 

number is inherently flawed at worse and incomplete at best, however, reflecting 

with mathematics has its place. Reflections with mathematics help to formulate and 

strengthen reflections about a particular social issue. Possibilities exist for 

comparative analysis which may lead to new or alternative formulations of the 

social issue.   

Reflecting with mathematics is inadequate to get a full picture of the social 

issue because, in the reduction of a complex social issue to a number, the meat of 

the issue is lost in the simplifying assumptions or mathematizing. This is perfectly 

clear in the case of setting a minimum wage to a fixed hourly rate, which is bare 

bones without any guidance as to what is socially, politically, or economic 

motivations for such a critical number. In order to get a sense of the depth of the 

social issues, reflection on and through mathematics is necessary. Reflection on 

mathematics refers to taking into considerations decisions that are made on the 

basis of numbers giving rise to issues of reliability and responsibility. In the 

mathematical modeling context, reflection on mathematics interrogates the process 

of mathematizing and accordingly questions how “the illusion of objectivity 
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(mathematical model) brings about disillusion of responsibility” (Skovsmose, 2011, 

p. 75).  

Reflection through mathematics takes advantage of a mathematics learning 

context in which inquiry and communication are paramount giving rise to 

reflections outside of mathematics. Here, the dialogue that takes place during the 

mathematical activity provides a rich soil in which substantive reflections could 

grow as opposed to a learning context that is purely exercise driven. In summary, 

contemplating the role of mathematics thus requires reflections on mathematics, 

with mathematics and through mathematics to which the mathematical modeling in 

the classroom is well suited.  

Supporting Skovsmose’s (2011) view on the importance of reflections, 

Blomhøj (2009) identifies four key side effects of applying a mathematical model 

that provides a convincing basis for student reflections on the role of mathematics 

in society. 

1. Reformulation of the problem in hand in order for it to be appropriate 

for investigation by means of mathematical modelling. 

2. Changes in the public discourse on the problem – issues that can be 

investigated by means of the model are becoming dominant in the 

discourse. 

3. Delimitations of the possible actions or solutions taken into 

consideration to those, which can easily be evaluated in the model. 
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4. Delimitations of the group of people that takes part in the discussion and 

act as a basis of critique of the model and decisions taken based on the 

model. (p. 13) 

The second demand of critique according to Skovsmose (1994) involves 

self-reflection. Self-reflection is the personal, individual reflection that may occur 

naturally in everyday life (Skovsmose, 1994). In the mathematical modeling 

context, engaging in self-reflections means to interrogate one’s beliefs, values, 

criteria, and values relating to the social issue under investigation, the modeling 

process, productions of the modeling process, and consequences of these 

productions.  

Finally, along with self-reflections and reflections, critique demands 

reaction or action (Skovsmose, 1994). Reaction is understood as the articulation of 

criticisms regarding the social situation resulting from self-reflections and 

reflections for the purpose of making a change (Skovsmose & Greer, 2012). 

Reaction could be considered synonymous with activism. Niss (1994) supports this 

notion of reflection and activism. He argues that one of the goals of mathematics 

education should be to develop reflective mathematics competence, which enables 

individuals to take positions relevant to important social phenomena. Reflections 

should bring about action; action, when deemed necessary action motivates 

reflections on the consequences of the social situation (Skovsmose & Greer, 2012). 

Reaction answers both the questions of “now what?” and “why what?” In one sense 
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reaction could be thought of as an expression of the hopes of individuals within the 

society relative to the social situation in order to advance the cause of equity and 

justice. According to Skovsmose (1994), reaction manifests an individual and 

collective empowerment. 

Neither Skovsmose (1994) nor Niss (1994) elaborated on the nature of 

reaction in the process of critique only that the capacity can and should be 

developed and emphasized that education plays an important role in its genesis and 

articulation. For the purposes of this research, it is necessary to identify possible 

features of reactions amenable to school practice based on the definition of reaction 

so far. First, reaction could manifest itself in various forms on a continuum from 

passive action to radical activism. Passive action at minimum represents a 

verbalized position on the social issue without the active engagement in bringing 

about change. Radical activism, on the other hand, represents a crusade on behalf of 

the social issue. Inaction here cannot be considered passive action since reaction 

requires the taking up of a position. Reactions can be further characterized as being 

dependent upon the degree to which the social issue is connected to the individual’s 

personal, occupational, and societal life. Finally, reactions are not static; but 

dynamic, evolutionary, and cumulative. 

The measure of reaction in this research will be predominantly focused on 

the dynamic, evolutionary, and cumulative nature of reactions. As students 

systematically reflect on a social situation, the position or stance they assume at 
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particular junctures will be articulated and termed initial, intermediate, and final. 

The initial stance represents the individual’s position during the initial exposure to 

the social issue within the learning context; the intermediate stance represents the 

individual position after engaging in cooperative discourse about the social 

problem, and the final stance represents the individual’s reaction upon completion 

of the modeling activity. Through initial, intermediate and final stances, reaction is 

built up by increasing knowledge and understanding of the social situation as well 

as increasing feelings of empowerment.   

The study recognizes that an individual’s skill of reflection and reaction is 

cultivated over an individual’s lifetime and is a natural ongoing growth process, but 

this categorization allows for tractability during the mathematical modeling 

process. Certainly, it is expected that reflections occur naturally in many school 

subjects and even while doing mathematical modeling but there is no guarantee that 

students will reflect on the role of mathematics in society and be willing to react in 

any meaningful way if at all. Further, it is possible that goal-directed reflections 

where the objects of reflection are the modeling process, the productions of the 

modeling process, and the consequences of these productions, students may be able 

to make the connections between mathematics and its role in society. Thus, the 

dark lines in Figure 1.1 (p. 6) represents prescribed reflective activities or 

processes.  
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Now that we have identified self-reflections, reflections, and reaction as a 

proposed theoretical set of skills necessary to see the role of mathematics in 

society, how do we develop these skills in practice? A socio-critical approach to 

mathematical modeling in school provides an ideal situation in which to develop 

the skills of self-reflection, reflection, and reaction for several reasons. 

Mathematics has long been used in the development of critical thinking skills. 

Further, since it is within the modeling and applications of mathematics that the 

role of mathematics is embedded, it is only natural that reflection and critique 

becomes a goal of modeling.  

Conceptualizing MESH (Mathematics Expressing Society’s Hopes) 

Theoretically, it may be possible to develop the skills of critique, reflection, 

and reaction to uncover the role of mathematics in society but how would this look 

in practice? Skovsmose (1998) suggests a kind of mathematical archaeology to 

analytically excavate the formatting role of mathematics in society. Arguably, 

traditional school mathematics may be compared to the vertical profiling in 

archaeology where deep digging is not feasible because of the narrowness of 

contrived, unrelated applications. On the other hand, the use of modeling with a 

socio-critical framework, possibilities exist for open-area excavation of the 

mathematical landscape providing an understanding of the relationships between 

MMAs and the role of mathematics. 
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The digging tool takes into consideration the student’s perception of the role 

of mathematics in society. Skovsmose’s (1998) notion of student background and 

foreground in the education milieu is essential in laying the foundation for 

excavation. The student’s perspective on the social issue under investigation, 

mathematics, and applications of models in society are shaped by their beliefs and 

values. These beliefs and values will impact how the student is able to navigate the 

connection between mathematics he or she encounters and the impact on the world 

around them. The prior discussion of the role of mathematics suggests one possible 

conceptualization of the role of mathematics in society amenable to educational 

practice. When students’ conceptions of the role of mathematics are taken into 

consideration, they are able to look beyond their immediate world and forge 

important connections between mathematics and the larger society in which they 

are an important constituent. The approach allows firstly the student the 

opportunity to engage in self-reflections or contemplate the role of mathematics 

independently then secondly to organize their thoughts.  

In order to formulate such a digging tool, it is necessary to examine the 

modeling cycle. The most basic modeling cycle used in school modeling activities 

include the following steps: understanding the real-world problem, framing the 

problem in mathematical terms, formulating a mathematical model, analyzing the 

model, validating the results, and modifying the model until an appropriate model 

is found (Pedley, as cited in Galbraith, 2012). This modeling cycle is used because 
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of its simplicity, and it closely mirrors the work of expert modelers. Additionally, 

since the modeling process is not the focus of this research, more sophisticated 

modeling cycles such as those discussed in Borromeo-Ferri (2006) may not be 

appropriate. There is no guarantee that modeling as a tool or content will lead 

students down the path of reflecting on the role of mathematics as defined. 

Specifically, without intentionality, the exercise paradigm and wholly accepted 

mathematics as a universal truth or mathematics rationality Skovsmose (1998) may 

block the exploration of the role of mathematics from a critical perspective. 

Students are not conditioned to think about mathematics “that way.” 

Arguably, the steps of the modeling cycle that should be subjected to 

scrutiny due to their susceptibility to inherent biases and impact how the 

mathematical model is developed and used in decision-making are steps one, two, 

three, and five. During these stages of the modeling cycle, it may be possible to use 

goal-directed critique and reflection activities to help students dig deeper into the 

modeling process and uncover the hidden assumptions and values of mathematics 

models (reflecting with mathematics). While it is important to critique the 

modeling process (cycle) itself, the productions of modeling (reflection on 

mathematics) and the consequences of such productions (reflecting through 

mathematics) should also be subjected to critique in order to fully understand the 

role of mathematics in society. One rationale for a need to extend modeling 
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activities in school according to Skovsmose (2011) is the inability of a modern 

view of mathematics to hold up to criticism.   

Revisiting the theoretical representation depicted earlier in Figure 1.1 (p. 6), 

the bold lines represent the connections which students need to make (or fail to 

make) to move from mathematically modeling as a school activity to understanding 

the role of mathematics in society. The process is indicative of the possibility of 

understanding the role of mathematics without engaging fully in all three 

components. Furthermore, engaging in the modeling process is not sufficient to 

understand the role of mathematics in society and necessitates an extension of the 

goals of mathematical modeling in school. The process theoretically assumed to be 

keys are self-reflection, reflection, reaction, and communication. Additionally, 

cooperative group activities, which are inherently interactive and communicative, 

are important. 

The theoretical framework is translated structurally into a three-part 

discursive practice termed technological, mathematical, and reflective termed 

MESH (Barbosa 2006, 2010). MESH stands for Mathematics (Modeling) 

Expressing Society’s Hopes. MESH is modeling to understand the role of 

mathematics in society is a school activity in which students are invited to take part 

in discursive practices called technological, mathematical, and reflective, using 

mathematics knowledge and modeling competencies along with the processes of 

reflection, communication, and reaction. The goal of each activity introduces a 
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critical dimension to the modeling process. It is possible for a traditional modeling 

process to encompass all three activities. Constructively, effectiveness and 

efficiency are more plausible when the technological activity takes the form of the 

traditional modeling cycle, and the other two activities extend modeling activities 

into a critical dimension. 

Each activity of the MESH tool incorporates both a goal supported by 

mathematical knowledge and modeling competency. As a tool, each activity 

attempts to stimulate reflective discussions and critique; as a goal, each guide 

represents connections that are established while transitioning from one guide to 

uncovering the role of mathematics in society. 

Technological activity. The technological activity involves students taking 

real-world problems and finding solutions through the modeling process in 

cooperative groups. Key processes include but are not limited to constructing, 

formulating, interpreting, reflecting, and reacting. In this activity, students are 

engaging in the five process standards of NCTM (1989) and the three processes of 

PISA (OECD, 2013). What distinguishes the technological activity from traditional 

modeling activity is that the focus is not to develop modeling competencies or 

teach content. The focus is to reflect upon and critique mathematics and provides 

an opportunity as suggested by Barbosa (2006) for students to engage in debates 

about criteria in model building. As such, the instigation of critique through self-

reflections, reflections in a cooperative group, and reaction are paramount to the 
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activity. Another distinction between traditional modeling in school is an emphasis 

on student background and foreground and connecting values to mathematics 

applied in society. Beyond the outcome of a mathematical model of a real-world 

situation, the outcome of this activity is that students make connections between the 

modeling process and mathematics in society via values and criteria. At least, there 

should be a recognition that mathematics is not neutral in its application in society 

but depends on the beliefs, values, assumptions, and criteria of modelers.  

The nature of the modeling project depends upon the student modeling and 

mathematics competencies and could be highly structured with more teacher 

control to flexible where teacher and student are engaged in the evolution of the 

model at most stages. Barbosa’s (2003) classification of responsibility in modeling 

activities is a useful aid in identifying and classifying suitable modeling problems 

for the technological activity. The degree of responsibility in the modeling project 

is described in Table 2.1. 

 

Table 2.1   

Reproduction of Responsibility in the Modeling Process (Barbosa, 2003) 

 Case 1 Case 2 Case 3 

Elaboration of the 
Problems 

teacher teacher teacher/student 

Simplification teacher teacher/student teacher/student 
Quality and quantity of 
data 

teacher teacher/student teacher/student 

Solution teacher/student teacher/student teacher/student 
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Barbosa (2003) identifies four types of responsibilities for teachers and 

students during a modeling project. First, when elaborating the problem or simply 

choosing the modeling problem, the teacher could select the problem in case one 

and two or a collaborative effort between teacher/student could be used in case 

three. Secondly, the problem must be simplified either by the students alone or 

cooperatively by teacher and student. Third, the quantity and quality of data 

collected during the modeling project could be provided by the teacher or with 

teacher/student cooperation; the teacher may provide some data and students collect 

additional data. Finally, the solution in the modeling project is always the result of 

a collaboration between the teacher/student. It is clear that case one which is highly 

controlled by the teacher is less desired but may be appropriate in some cases, 

while case three affords the students a tremendous amount of flexibility from 

beginning to end of the project and is the ideal case. 

Since the MESH tool is amenable to any educational setting (primary, 

secondary, or tertiary) in its theoretical conception, it is clear that repeated use of 

the method MESH over the length of a student’s educational trajectory increases 

the likelihood of case three types of sophistication in modeling projects during the 

technological activity. As an illustration, in addressing the social phenomenon of a 

$15 minimum wage, in an upper-level calculus course, the activity could be highly 

flexible producing very sophisticated models. In a lower-level course where 

mathematics knowledge and modeling competencies are not particularly strong or 
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at elementary grade levels, a structured modeling activity may be more appropriate. 

The result of the technological activity is the production of several student- 

constructed models. 

Mathematical activity. The mathematical activity includes a comparative 

analysis whereby students are reflecting on mathematics and takes into account 

Barbosa’s (2009) findings that comparing student-constructed models may produce 

reflexive discussions. Students cooperatively examine various models of the social 

phenomenon. The most likely sources of these models are the group models from 

the technological activity. In the case of a modeling problem for which expert 

models exist, these could be included depending on the learning objectives of the 

project. By examining various models, particularly the student constructed models, 

students are able to compare and contrast the criteria, assumptions, and values 

embedded explicitly or implicitly in each model. Since most of the models are 

student constructed models, students will gain insights into how their own 

assumptions and values impact the products of the modeling cycle which may 

generate critique and reflection about the role of mathematics in society. 

Essentially, students gain a concrete sense of the notion that ideas have 

consequences. 

The mathematical activity allows students to reflect with mathematics and 

add another dimension to making the connection to the role of mathematics in 

society. In this activity, students use mathematical procedures, results, 
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computations to perform a comparative analysis of the social issue which 

strengthened their reflections (Skovsmose, 2011) on mathematics.  

 Reflection activity. The reflection activity is perceptually a non-

mathematical activity in the traditional sense, meaning it is not typical to actively 

engage in reflective discourse about values in mathematics as the value-free 

mathematics paradigm is perpetuated in the classroom. In this activity, mathematics 

becomes a vehicle through which students reflect and critique the consequences of 

the productions of the modeling cycle in society. Students explicitly engage in 

cooperative reflection and critique prompted by the instructor or generated by 

students. Students are invited to participate in a conversation on the impact of their 

models on society. The greater the proximity of the social phenomenon in the 

students’ lives, the greater the likelihood of engaging reflection since students take 

ownership of the social problem and their solutions. Students are challenged to 

discuss the effect of their solutions on others and make possible adjustments to 

their models. Also, it is possible that students may see the need to react to any real 

injustices.   

Reflections through mathematics (describing a phenomenon with 

mathematics which may be better or worse than describing it by some other means 

like words) still adds another dimension to the situation during the reflection 

activity. Reflecting through mathematics reduces a very complex and nuanced 

social phenomena to a number, and it becomes clear that this reduced 
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representation is a false representation or at best incomplete representation of the 

social phenomenon. Citizens are asked all the time to accept these kinds of 

reductions without question. Ideally the reflection activity should be less structured 

to reduce the prescriptive nature of exercise-driven tasks (Skovsmose, 2011); 

however, there is sufficient flexibility in the activity with instructor guidance to 

help student contemplate and deconstruct complex social issues.  

The reflective discourse by far poses the greatest challenge to students in a 

mathematics class because they are forced to cognitively negotiate the irrationality 

of mathematics when real people, real problems, and real solutions are taken into 

account. According to Skovsmose (2011), reflection and inquiry are intertwined 

and represents a dialogic process. As such stimulating reflections during modeling 

requires stimulating discourse either by creating a learning situation that fosters 

dialogue or prescribing dialogue. Certainly, the former is more preferred as the 

dialogue would be more authentic and self-generating possibly increasing the 

quantity and quality. A caveat, however, is that students could get trapped or move 

off course and never contemplate the role of mathematics in society. Skovsmose 

(2011) suggest that “reflection could be more of an expression of interaction than 

an individual process” (p. 79). 

The role of values. In developing a method for helping students understand 

the role of mathematics in society grounded in the socio-critical perspective of 

mathematical modeling, the role of beliefs and values is important. A belief is a 
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rationale for a particular viewpoint (Marcinkowski et al., 2000) or the degree to 

which something is true, while a value is the extent to which something is 

important (Seah & Bishop, 2002). According to literature on values in mathematics 

(Bishop, 1999, 2008; Bishop, FitzSimons, Seah, & Clarkson, 1999; Seah & Bishop, 

2002), there is an undeniable connection between school mathematics and the 

culture in which it is taught, and research focuses on societal values that are 

transmitted during the teaching and learning of mathematics. Bishop (1999) 

classifies these values into general educational values, mathematics values, and 

mathematics educational values. General educational relates to important societal 

values, mathematics values are the characteristics of the discipline that is important, 

and mathematical educational are the values from the contexts in which teaching, 

and learning take place (Bishop, 1999; Seah & Bishop, 2002).   

Values in mathematical modeling encompass all three classifications of 

values by Bishop (1999). It is possible to explore values transmitted during the 

teaching and learning process (Bishop, 1999; Seah & Bishop, 2002) and students’ 

value creation (Makiguchi, 1981-1988; Park 2014), but mathematical modeling is 

uniquely positioned to help students understand the role of mathematics in society 

by reflecting upon the values of the modeling process, productions of modeling, 

and applications of those productions in society. According to Martin (1997), 

mathematical modeling is obviously value-laden and serves various social interests. 

He further asserts that the values of modelers are easily built into models and 
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one may judge the mathematics by the same criteria used to judge the 

application. It is not adequate to say that the killer is guilty while the murder 

weapon is innocent, for in these sorts of application the mathematical 

‘weapon’ is especially tailored for its job. (p. 167) 

Therefore, the key to connecting mathematics and its role in society is providing 

students opportunities to explore how mathematics is transforming society through 

values in applications and models.   

In this theoretical conception, there are three types of values that are 

important: First, student held beliefs and values about the role of mathematics in 

society; second, student held beliefs and values about the social problem being 

investigated and proposed solutions; third, values embedded in applications of 

mathematics in society (modeling process, products of modeling, and consequences 

of models and applications in society). Traditional mathematics is still considered 

value and culture-free (Bishop et al., 1999; Bishop, 2008; Martin, 1997) and the 

mere mention of values presents cognitive challenges (Seah & Bishop, 2002) to 

students since it requires a paradigm shift in students’ beliefs and attitudes about 

mathematics as a discipline and role in society. As such, it is unrealistic to expect 

students to be able to identify and articulate the presence of values in model 

building and models without providing a scaffold that helps them identify the 

values that inform their model construction. In this way, they may be able to think 

about mathematical modeling and applications as being value-laden and have the 
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capacity to identify the hidden values which them forms a basis for comparison 

which should lead to reactions to any social contradiction. The question then 

becomes, how to help students identify their own values while modeling and the 

hidden values in mathematical modeling and applications? This topic could 

generate an entire research agenda and is not the main focus of this research; 

however, an initial values tool is necessary and suggested to guide student 

reflections.   

The environmental values descriptors developed by Hungerford, Litherland, 

Peyton, Ramsey, and Volk (1992) and modified by Marcinkowski et al. (2000) was 

used as a guideline to analyze values in mathematics. The authors define problems 

as a recognizable need or impact that is negative while issues are related to social 

or political disagreements about problems and their solutions. Using this definition, 

mathematical modeling becomes a powerful tool for investigating problems in 

society that can be solved using mathematics. Issues arise when the solutions 

(models) are applied in society, and at the root of these issues are different beliefs 

and values. It is this clarifying of beliefs and values that is at the heart of reflexive 

discourse about the role of mathematics in society. In order to assist students in 

identifying values associated with mathematical modeling and applications, a 

mathematical values descriptor is proposed and is based on Bishop (2008), Seah 

and Bishop (2002) and Marcinkowski, et al. (2000).   
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The first step in identifying mathematical values towards mathematical 

modeling and applications is to classify possible problems, issues, and beliefs. 

Problems in this context usually originate outside mathematics (real-world 

problems) but can be solved by mathematics and are addressed during the modeling 

process. Table 2.2 provides a list of possible statements of beliefs and 

corresponding values, which were generated from literature referenced previously 

and modified from Seah and Bishop’s (2002) and Marcinkowski et al.’s (2000).  

 

Table 2.2 

Examples of Possible Beliefs and Values About Mathematics 

Belief Value(s) 

Mathematics is a science and should be developed internally  Pure Scientific 
Mathematics can be used to solve problems in many 
disciplines outside of mathematics. 

Applied 
Scientific 

Mathematics is beautiful. Aesthetic 
Mathematics is at the core of our financial systems.  Economic  
Mathematics should promote peace and justice. Ethical / Moral 
The government determines what mathematics should be 
taught in schools.  

Political 

Mathematics tools help me organize my daily life.  Practical 
Mathematics is important in the development of computers 
and mobile phones.  

Technological 

Mathematics literacy is important to the development of 
productive and engaged citizen. 

Educational 

Mathematics is present in all cultural groups.  Ethnocentric 
/Cultural 

Note. Modified from Seah, W. T., & Bishop, A. J. (2002). Values, mathematics, and society: 
Making the connections. Valuing Mathematics in Society, 105-113. 
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Issues arise when there is disagreement about the problem or proposed 

solutions, in this case, the mathematical models. Disagreements over solutions to a 

particular social phenomenon may give rise to many different models.  

 

Table 2.3   

Mathematical Values Descriptors 

Values Definitions 

Pure Scientific Qualities of Mathematics as a pure science discipline to 
which we attribute worth and importance. 

Applied 
Scientific 

Relating to applied mathematics in other science disciplines 
or specialized areas of practice to which we attribute worth 
and importance.   

Aesthetic Acknowledging beauty in mathematics; uses one of the five 
senses  

Economic  Specific use of mathematics as a tool to use and exchange 
money, materials, and/or services. 

Ethical / Moral Relating to present and future responsibilities to humankind 
to cultivate a world of equity, dignity, and justice; the 
relationship of mathematics as a pure and applied science as 
well as mathematics education to civilization. 

Political Relating to the functions, activities, policies of governments 
regarding mathematics.   

Practical General use of mathematics as a tool and/or instrument for 
personal use or use in many general areas of social practice. 

Technological Relating to mathematics as an essential element of 
technological design in society. 

Educational Relating to the teaching and learning of mathematics. 
Ethnocentric 
/Cultural 

Relating to different ethnic/cultural context and perspectives 
of mathematics as a pure science, the application of 
mathematics, and mathematics education.  

Note. Modified from Marcinkowski, T., Anderson, G., Drag, J., English, P., Lunsford, J., & Sward, 
L. (2000). The Everglades case study: An extended case study for the investigation of a 
threatened watershed and ecosystem (pp.68-78). Melbourne, Florida: Florida Institute of 
Technology. Marcinkowski et al. (2000) was adapted from Hungerford, H., Litherland, R., 
Peyton, B., Ramsey, J., and Volk, T. (1992). Investigating and Evaluating Environmental 
Issues and actions. Champaign, IL: Stipes Publishing L.L.C. 
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At the root of these issues are different beliefs and/or values held by various 

interested parties, stakeholders, modelers, or according to Martin (1997), 

underlying social interests. There are myriads of possible belief statements about 

mathematics, mathematical models and applications, and or the role of mathematics 

in society as well as other values that could be identified but the table provides a 

starting point to help student articulate values during the research project. Table 2.3 

(p. 52) presented a mathematics values descriptor generated using definitions 

modified from Marcinkowski et al.’s (2000) and will be provided to students during 

the cooperative group activities.  

Summary 

In society, mathematics functions as a tool, a basis for technological design, 

and a catalyst for citizenship and democracy. Consequently, the role of 

mathematics in society is not solely the internal development of mathematics as a 

scientific discipline but is defined as the influential position (imprint) of 

mathematics in society through the use of mathematical models and applications in 

non-mathematical areas resulting in consequential long-term impact on societal 

development. This imprinting occurs during the modeling process via criteria, 

assumptions, and values but is virtually invisible when models are applied in 

society. According to Blomhøj (2009),  

the development of an expert and layman competence in the general 

population to critique mathematical models as well and the ways in which 
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they are used in decision making is becoming imperative for the developing 

and maintaining of societies based on equality and democracy. (p. 11) 

Skovsmose (1998) argues for a kind of mathematical archaeology to analytically 

excavate the role of mathematics in society or develop this layman competence. In 

practice, this is accomplished by stimulating reflexive discussions about the role of 

mathematics in society during the modeling process (Barbosa, 2006). Using the 

socio-critical perspective of mathematical modeling, a method is proposed to help 

students uncover the role of mathematics in society. Students reflect and critique 

the modeling process, the productions of the modeling process, and the 

consequences of the productions of modeling in order to make the connections 

between mathematics and society.  

The goal-directed activities along with the processes of reflection, critique, 

and reaction constitute the proposed mathematical archaeology for developing the 

competence to see the role of mathematics in society termed, MESH. MESH in 

principle stands for Mathematics (Modeling) Expressing Society’s Hopes. Table 

2.4 (p. 55) summarizes the initial conception of MESH. The initial stance 

represents the individual’s position during the initial exposure to the social issue 

within the learning context; the intermediate stance represents the individual 

position after engaging in cooperative discourse about the social problem, and the 

final stance represents the individual’s reaction upon completion of the modeling 

activity. 
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Table 2.4  
  
Structural Framework of MESH 

Activity/Goal 
1. Technological Activity: Make Sense of Modeling Process (Constructing) 

1.1. Evaluates student perception of the real situation by engaging in self-
reflection.   

1.2. Evaluates student initial perceptions, value judgments regarding the real 
situation within the context of the cooperative group (Reflection). 

1.3. Identify the student’s initial position toward the real situation. (Reaction 
– initial stance).   

1.4. Utilizes reflection journals, guided reflection questions. 
 

2. Mathematical Activity: Examine the criteria, assumptions, and / or values 
embedded in productions of the modeling process (Identifying, Evaluating, 
Comparing, and Analyzing) 
2.1.  Compares / Contrast various models, student-produced or professional 

models of the real-world situation (Reflection). 
2.2.  Identifies criteria, assumptions, and values used in model construction 

(Reflection and Self-Reflection).   
2.3. Re-evaluate and identify student’s position toward the real situation 

resulting from examining criteria, assumptions, and / or values 
embedded in productions of the modeling process. (Reaction- 
intermediate stance) 

2.4. Utilizes reflection journals, guided reflection questions, expert and 
student models of the real-world situation 
 

3. Reflection Activity: Scrutinize the consequences of productions of the 
modeling process (Interpret, Reflect, and React). 
3.1. Evaluates explicitly or implicitly stated values, assumptions, and criteria. 

(Reflection) 
3.2. Comparison of student’s values to the explicitly or implicitly stated 

values in the model. (Reflection and Self-Reflection) 
3.3. Evaluates student perception of the impact of the model on their personal 

lives, community, or society. (Reflection and Self- Reflection) 
3.4.  Evaluates student perception of the consequences (short and long term) 

of the inherent value judgments and assumptions of the model 
production on society (Reflection and Self- Reflection). 

3.5.  Evaluates the student’s final position towards the real situation after 
scrutinizing the consequences (Reaction-final stance).  

3.6. Utilizes reflection journal, guided reflection questions. 
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Second Literature Review: Substantive Theory 

Owing to the nature of this research, it was necessary to complete a broad 

survey of the literature to formulate research questions. This led to the development 

of a systematic and pragmatic approach to stimulating reflexive discussions about 

the role of mathematics in the classroom. The first part of the literature review 

discussed the theoretical framework that was used to construct the MESH tool used 

in this research. 

Since grounded theory is an inductive approach to theorizing, the literature 

must be re-visited, preferably at the latter stages of the analysis process. The 

purpose of this second literature review is not to verify the substantive theory 

(Charmaz, 2014; Corbin & Strauss, 2015; Glaser, 1978; Hadley, 2017) but to 

integrate the generated ideas into the existing literature. This integration serves a 

myriad of purposes such as making comparisons, enhancing theoretical sensitivity, 

situating the developing theory, or extending the relevant literature (Charmaz, 

2014; Corbin & Strauss, 2015; Hadley, 2017). Since the literature review in 

grounded theory emerges from the final analysis, “you can put your sensitizing 

concepts and theoretical codes to work in the theoretical framework” (Charmaz, 

2014, p. 311). The co-constructed theory for stimulating reflexive discussions 

pointed to the classroom environment as the most important factor in stimulating 

reflexive discussions. This section presents a discussion of classroom cultures. 
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Other literature relevant to the core concepts and overall substantive theory of 

stimulating reflexive discussions will be integrated into the discussion in Chapter 5.   

Classroom Cultures 
 

In a study at a mixed and comprehensive school in the suburban UK, Boaler 

(1996) found that some students depended heavily on the context of the 

mathematics classroom, familiar problem and procedure contexts to decide how to 

act and solve mathematics problems. When these contexts changed, students did 

not know what to do, implying that school culture had the effect of diminishing 

students’ ability to apply mathematics in the real world (Boaler, 1996). Bauersfeld 

(as cited in Cobb & Yackel, 1996) describes participation in mathematics activities 

in school as participating in “a culture of using mathematics or better, a culture of 

mathematizing in practice” (p. 459). That is, mathematical activity in school is not 

just simply about transmitting mathematical knowledge but learning when and how 

to function within this culture.  

Historically, the dominant cultural context for learning mathematics has 

included Western-styled classrooms that are well equipped, catering to prototype 

students, privileging ability, and promoting the inculcation of mathematics 

certainty, drill and practice pedagogy, rigid, and inflexible (Boaler, 1996; 

Skovsmose, 2011). Despite the research in mathematics education and a national 

call for different methods (NCTM, 1989), the traditional classroom culture is still 

prevalent in American schools and fosters conformity, rule-following, scripted 
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behavior and suppresses flexibility in teaching and learning, the relevance of 

mathematics outside school, and thinking mathematically. The results of students’ 

experience with and expectations of mathematics in school and the real world are 

exacerbated by socio-economic and cultural factors (Gutstein, 2006).   

Context dependency (Boaler, 1996) is not limited to mathematics in school 

but regulates the utility of mathematics in the real world. Students believe that 

mathematics situations in school are different from the real world (Boaler, 1996). 

This disassociation of mathematics in school with mathematics in the real world 

may be attributed to features in the school environment or culture that work 

together to suppress students’ mathematical meaning and understanding beyond 

familiar exercise contexts or outside of school (Boaler, 1996). In the context of this 

research and based on students’ understanding, mathematics in school and 

mathematics in the real world does not mean there are two different kinds of 

mathematics but refers to different contexts (Greiffenhagen & Sharrock, 2008).  

Cobb and Yackel (1996) extend Bauersfeld’s (1992) notion of classroom 

cultures in their interpretive framework by explicitly taking into account 

sociological and psychological perspectives of individual and collective 

mathematical activity at the classroom level. According to this model students’ 

participation in the interactive composition of ‘taken-as-shared’ meaning in 

mathematics cannot be separated from their individual sense-making and reasoning 

(Cobb & Yackel, 1996, Yackel & Cobb ,1996). In essence, the ‘culture of 
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mathematizing as practice’ and students’ individual activity are reflexively related. 

Table 2.5 is a reproduction of the framework by Cobb and Yackel (1996) and 

summarizes the basic constructs of the interpretive framework.   

  

Table 2.5 

An Interpretive Framework for Analyzing Individual and Collective Activity at the 
Classroom Level (Cobb & Yackel, 1996, p. 177) 

Social Perspective Psychological Perspective 

Classroom Social Norms Beliefs about own role, others role, and 
the general nature of mathematical 
activity in school 

Sociomathematical Norms Mathematical Beliefs and Values 
Classroom Mathematical Practices Mathematical Conceptions and 

Activity 
 

 

According to the interpretive framework, classroom social norms are 

“taken-as-shared” expectations and obligations that are constituted by students in a 

classroom which includes teachers and students. These include normative patterns 

pertaining to explanation, justification, and argumentation within the classroom and 

refers to the ‘classroom participation structure.’ Sociomathematical norms, on the 

other hand, focus on normative aspects of students’ mathematical discussion during 

mathematical activities. Cobb and Yackel (1996) explain as an example that the 

expectation that students in any class are supposed to provide explanations for their 

solutions is considered a classroom social norm while knowing what is acceptable 
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as a mathematical explanation is a sociomathematical norm. Examples of 

sociomathematical norms include what is understood as mathematical difference, 

mathematical sophistication, mathematical efficiency, and mathematical elegance 

and regulates when contributing to a mathematical discussion is appropriate (Cobb 

& Yackel, 1996; Yackel & Cobb,1996). On the other hand, sociomathematical 

norms relating to acceptable justifications and explanations refer to how students 

contribute.  

The analogous psychological constructs for classroom social norms and 

sociomathematical norms are the interacting persons’: beliefs about own role, 

others’ roles and the general nature of the mathematical activity and students’ and 

teachers’ mathematical beliefs and values. In the interpretive framework, the social 

perspective and psychological perspectives are reflexively related meaning:  

With regard to sociomathematical norms, what becomes mathematically 

normative in a classroom is constrained by the current goals, beliefs, 

suppositions, and assumptions of the classroom students. At the same time 

these goals and largely implicit understandings are themselves influenced 

by what is legitimized as acceptable mathematical activity. (Yackel & 

Cobb, 1996, p. 460) 

Thus, students and teachers individually and cooperative restructure classroom 

behaviors and activities. 
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The final sociological construct in the interpretive framework and the most 

relevant to the substantive theory in this research is classroom mathematical 

practices which “focus on the taken-as-shared ways of reasoning, arguing, and 

symbolizing established while discussing mathematical ideas” (Cobb et al., 2001, 

p. 126). In the context of this research, this means focusing on the evolution of 

reflexive discussions while students and teacher are engaged in socio-critical 

modeling. So, the production of reflexive discussions at the classroom level and 

individual students’ reflective development are taken into account. These classroom 

mathematics practices are specific to the present classroom context and are a result 

of teacher and student interactions (Cobb et al., 2001; Cobb & Yackel, 1996). This 

means that students are not inducted into a classroom culture where communication 

and reasoning are already established; rather, they create the mathematical practices 

that become normative (Cobb et al. 2001). Thus, the co-constructed process of 

stimulating reflexive discussions resulted from students reorganizing their previous 

mathematics experiences and practices to accommodate the new learning situation 

created by using the MESH tool.  

The psychological correlate of classroom mathematical practices is the 

individuals’ mathematical conceptions and activity. Students individual 

interpretations and actions are seen as a result of engaging in the social activities of 

the classroom (Cobb et al., 2001; Cobb & Yackel, 1996) and vice versa. From the 

psychological perspective, the mathematical activity is using the MESH tool and 
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the mathematical content that is produced are reflections about the role of 

mathematics in society. In essence, students’ critical reflective development cannot 

be separated from their engagement with MESH tool within the classroom context.   

In the socio-critical perspective, mathematical modeling is defined as 

follows, ‘a learning environment in which students are invited to investigate, 

through mathematics, problems from other disciplines or daily situations.’ 

(Barbosa, 2009, p. 61). This definition characterizes mathematical modeling as a 

school activity and distinguishes it from the diagrammatical processes which 

emphasize the development of competencies or as a tool to teach mathematics 

concepts (Barbosa 2003, 2006). Barbosa (2009) states this succinctly: 

These studies [empirical studies in modeling] make clear that modelling 

demands the configuration of situated actions in the school culture for the 

development of this environment, instead of only the knowledge of doing 

modelling. Thus, understanding these aspects refer to conducting a learning 

environment in the school that challenges the traditional practices, can 

support teachers in implementing modelling in their classrooms. (p. 61)  

Since the goal of socio-critical modeling activities is to develop students’ reflective 

competence to understand the role of mathematics in society, one implication of 

this view in practice is that mathematical modeling is a micro-culture of school 

mathematics culture in which reflective competence is constituted. This culture has 

its own sets of norms which needs to be articulated. 
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Assuming the environment definition of mathematical modeling, 

mathematical modeling in school is not just about transmitting modeling 

competencies and mathematical content but includes learning the norms of this 

culture. Combining Barbosa’s (2006) notion of modeling as critic and Bauersfeld’s 

(1992), a culture of mathematizing as practice, socio-critical modeling may be 

refined as developing a culture of modeling as critic. One major implication of a 

culture of modeling as critic is what constitutes solutions since now solutions to a 

real-world problem are not objective but subjective and varies. Additionally, is the 

culture of modeling as critic which is school-based transferable to the real world?   

While the MESH tool assumed this environment definition of mathematical 

modeling, the focus of the tool was not on the ‘environment’ (although group work 

was sanctioned) but on the investigation or activities and students’ individual 

learning outcomes. However, using the MESH tool to stimulate reflexive 

discussion pointed toward an interdependent relationship between the students’ 

individual and collective mathematics activities at the classroom level and thus 

bringing the ‘environment’ or classroom cultures into focus. 

The grounded theory analysis indicated that students’ actions were heavily 

dependent on their interpretation of the classroom or school situation. The analysis 

using the MESH tool reveals the relationship between school culture and modeling, 

the core process of unboxing mathematics can be understood within the culture of 

modeling as critic using constructs such as sociomathematical norms and its 
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psychological correlates mathematics beliefs and values from the interpretive 

framework (Cobb & Yackel, 1996). If we consider socio-critical modeling as one 

type of mathematics culture or a micro-culture (the former assumes the integrative 

approach to modeling while the latter takes an island approach (Blum & Niss, 

1991) then the process of stimulating reflexive discussions using the MESH tool 

could be understood as an extension of these constructs. Each sub-process has 

social and psychological aspects that contribute to the presence of reflexive 

discussions.  

Unboxing mathematics represents a classroom mathematical practice 

relative to socio-critical modeling that evolved over the course of five weeks in a 

particular context. Students’ individual reflection development are enabled or 

restricted as they participate in a modeling activity using the MESH tool. 

Conversely, as student reorganize their individual engagement with the MESH tool, 

they contribute to the social situation in which they are engaged. The core process 

accounts for both the social and psychological context in which student reflective 

competence develops. In essence, the MESH tool enabled as well as constrained 

the production of reflexive discussions.  
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Chapter 3 

Methodology  

Introduction 

 The chapter focuses on the research method and data. The purpose of this 

qualitative study was to investigate how the instructor-constructed MESH tool 

stimulated reflexive discussions and develop student reflective competence to see 

the role of mathematics in society. The study also investigated students’ 

understanding of the role of mathematics in society before and after using the 

MESH tool. Constructivist grounded theory (Charmaz, 2014) methods were used 

for data collection and analysis. Participants included twenty-seven students 

enrolled in two college algebra courses taught by the researcher at a U.S. 

community college. Data collected included audio-recorded discussions from three 

cooperative group activities, individual reflection prompts written after each 

activity, and written responses from a pre- and post-surveys. In accordance with the 

constructivist grounded theory (CGT) methodology, data analysis included coding 

(initial, focused, and theoretical) and making constant comparisons to develop and 

identify a substantive theory for stimulating reflexive discussions grounded in the 

empirical data.  

The chapter proceeds first by providing a rationale for qualitative research 

and a discussion of CGT. Secondly, a discussion of the data collection procedures 
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 including results of the pilot study using the MESH tool is provided along with 

ethical considerations and researcher reflexivity. Thirdly, a detailed presentation of 

the data analysis is provided. The chapter ends with the criteria for and limitations 

of grounded theory studies.  

Rationale for Qualitive Research  

As the underlying goal of this research is to understand how reflexive 

discussions about the role of mathematics in society is stimulated during modeling 

activities, a qualitative research paradigm is chosen. Per Creswell (2003), to 

identify an appropriate approach to inquiry, a researcher should consider the 

following: (a) embedded epistemology including philosophical perspective 

assumed in the research; (b) inquiry strategy to be used in answering the research 

question; and (c) identification of specific data collection and analysis procedures. 

On this basis, the following discussion provides a rationale for the methodology of 

this research.  

 The socio-critical perspective of mathematical modeling evolved out of the 

emancipatory perspective (Kaiser & Sriraman, 2006) related to D’Ambrosio’s 

(1999) program ethnomathematics and Skovsmose’s (1994, 2012) critical 

mathematics perspective. Consequently, this research agenda is situated in the 

philosophical traditions of critical interpretive frameworks (Creswell, 2013; Denzin 

& Lincoln, 2000; Lincoln & Guba, 1985; Romberg, 1992). Key assumptions 

include: (1) Mathematics has a position of power in society; (2) knowledge is 
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acquired by reflexive discourse on the social dimensions of mathematics as 

opposed to the traditional emphasis on mathematical facts, concepts and 

procedures; (3) individuals can change their social world through reflection and 

reaction. Creswell (2003, 2013) acknowledges the proliferation of qualitative 

strategies of inquiry or methods that guide research design and procedure. He 

identifies five traditions of inquiry most frequently used in practice: narrative, 

phenomenology, ethnography, grounded theory, and case studies. Using Creswell’s 

(2003, 2013) categorization, the current research agenda uses the grounded theory 

approach and specifically constructivist grounded theory (Charmaz, 2014).  

Why constructivist grounded theory? First, the nature of the research 

problem influenced the use of CGT. The research problem focused on the two most 

important aspects of socio-critical modeling: reflexive discussions in cooperative 

groups and understanding of the role of mathematics in society. There is little 

research on both stimulating reflexive discussions in practice and the role of 

mathematics during mathematical modeling activities and thus warrants the 

interpretive and flexible and approach of CGT. Secondly, the proposed MESH Tool 

for stimulating reflexive discussions is exploratory in nature, and the precise 

processes that are needed to stimulate reflexive discussions are not known. Finally, 

mathematical modeling is a collaborative effort with individual and collective 

reflection. Cooperative learning environments foster the construction of meaning 

by the students. 
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Research Design - Constructivist Grounded Theory  

Overview. American sociologists Barney Glaser and Anselm Strauss’ work 

with dying hospital patients was the genesis of the systematic analytic approach to 

qualitative studies which later became known as grounded theory (Glaser & 

Strauss, 1967/1999). Their book, The Discovery of Grounded Theory: Strategies 

for Qualitative Research, published in 1967 outlined their techniques of constant 

comparative analysis leading to a substantive theory grounded in the data. Classical 

grounded theory represented a shift from the deductive approach of theory 

verification in qualitative research to the inductive approach of theory generation 

(Glaser & Strauss, 1967/1999).  

In the years since Glaser and Strauss’ collaboration, grounded theory 

methodology has evolved. Although most identifies four versions (Charmaz, 2014; 

Creswell, 2013; Teppo, 2015) according to Hadley (2017), there exists at least six 

discernable strands: Classical grounded theory associated with Glaser and Strauss 

(1967/1999); Dimensional analysis advocated by Schatzman (as cited in Hadley, 

2017); the version of grounded theory by Strauss (1987) and his later collaborations 

with Juliet Corbin (Corbin & Strauss, 2015), Constructivist Grounded Theory 

(Charmaz, 2014), Situational Analysis (Clarke, 2003); and Critical Grounded 

Theory (Hadley, 2017). Dimensional analysis has ebbed and flowed alongside 

developments in classical and Straussian Grounded Theory and has grown in recent 

years (Hadley, 2017). Critical Grounded Theory is a fairly new approach to 
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constructivist grounded theory, which is formally outlined in the seminal work by 

Hadley (2015) and seeks to theorize about “social processes inexorably linked to 

power, social stratification, economic domination, and exploitation” (p. 10).  

Of the six perspectives identified by Hadley (2017), the methods of Corbin 

and Strauss (Straussian Grounded Theory) and Constructivist Grounded Theory are 

the most recognizable approaches (Creswell, 2013; Hadley, 2017; Teppo, 2015). 

Straussian grounded theory as outlined in the various editions of Basics of 

Qualitative Research by Corbin and Strauss (2015), provides a systematic and 

rigorous approach to doing grounded theory although it is often criticized for being 

too prescriptive (Charmaz, 2014; Hadley, 2017). Despite the criticisms, Straussian 

grounded theory is a very popular version of Grounded Theory in the research 

community (Creswell, 2013; Teppo, 2015). Straussian grounded theory, unlike 

Glaserian, encourages an early literature review, involves more structured coding, 

purposeful sampling, and a final explanatory narrative of the theoretical framework 

(Charmaz, 2014; Corbin & Strauss, 2015; Hadley, 2017).  

While Straussian grounded theory may be more accessible to novice 

researchers with its cookie-cutter approach, constructivist grounded theory offers 

more flexible guidelines for data collection and analysis, maintains research 

focused on action and process, and recognizes the subjectivity of the researcher in 

the process of theorizing (Charmaz, 2014; Creswell, 2013; Hadley, 2017; Teppo, 

2015). Further, Straussian grounded theory places a strong emphasis on identifying 
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a core category; constructivist grounded theory de-emphasizes such focus and 

acknowledges that reducing a complex social process into a single concept may be 

an oversimplification (Charmaz, 2014; Corbin & Strauss, 2015; Hadley, 2017).   

 Constructivist grounded theory was a response to some of the criticisms of 

earlier forms of grounded theory especially the inflexibility, procedural approach to 

analysis, and objectivists theorizing (Charmaz, 2014; Hadley, 2017). Constructivist 

grounded theory distinguishes itself from other forms of grounded theory by 

adhering to philosophical assumptions of social constructivism and interpretivism 

as opposed to objectivists stance towards theorizing (Charmaz, 2014; Hadley, 2017, 

Teppo, 2015). Both Glaserian and Straussian grounded theory had a strong 

objectivist methodological approach to theorizing (Charmaz, 2014; Hadley, 2017).  

This means, “objectivist grounded theory erases the social context from which data 

emerge, the influence of the researcher, and often the interactions between 

grounded theorists and their research participants” (Charmaz, 2014, p 237).  

On the other hand, Constructivist grounded theory emphasizes an 

interpretative stance towards theorizing, acknowledging that the data and analysis 

are shared constructions of students and researchers within a specific research 

context and represents one view of multiple views of reality (Charmaz, 2014). 

Charmaz (2014) explains the movement towards constructivist grounded theory as 

follows, 
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Constructivist grounded theory adopts the inductive, comparative, 

emergent, and open-ended approach of Glaser and Strauss’s (1967/1999) 

original statement. It includes the iterative logic that Strauss emphasized in 

his early teaching, as well as the dual emphases on action and meaning 

inherent in the pragmatist tradition. (p. 12) 

Thus, constructivist grounded theory incorporates the best of Glaser and Strauss’ 

earlier works and extends the methodology to an interpretive framework (Hadley, 

2017). On the basis of the research problem and the purpose of study, constructivist 

grounded theory is well-suited to the task at hand.   

Data collection in grounded theory. All grounded theory perspectives 

share some basic strategies (Charmaz, 2014, Corbin & Strauss, 2015; Creswell, 

2013; Teppo, 2015): analysis begins inductively with open exploration of some 

phenomenon of interest; data collection and analysis occur in tandem throughout 

the entire research process; data are analyzed by making constant comparisons; 

primary forms of data collection are interviews and observations; coding, memo 

writing, theoretical sampling are key strategies for theory development; and 

development of a substantive or formal theory grounded in the data. Constructivist 

grounded theory further distinguishes itself by coding for action and process using 

gerunds, words ending in ing as opposed to coding for topics and themes (Charmaz, 

2014, Hadley, 2017).   
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Types of data and theoretical sampling. A grounded theory study may 

use various sources of data including interviews, notes from field observations, 

transcripts from audio or videotapes, archival records, and reports, as well as public 

or private documents (Charmaz, 2014; Corbin & Strauss, 2015; Strauss, 1987). 

While interviews and observations are the most common sources of data used in 

grounded theory studies, the type of data collected depends on the research 

question and access (Charmaz, 2014; Creswell, 2013). In addition to the type of 

data used, grounded theory requires data collection and analysis to occur in tandem 

throughout the research process. Since this research focused on students’ activities 

during a mathematical modeling activity, primary data included transcripts from 

three cooperative group activities and written reports from students. Charmaz 

(2014) classifies this type of data as elicited text or data produced by the research 

students. Further, because the researcher was also the instructor, ethical 

considerations prevented the ongoing collection and analysis of data typical of 

grounded theory studies. The researcher could not access the data until the end of 

the semester when students’ grades were finalized.  

In constructivist grounded theory, data collection and analysis take place in 

an iterative, ongoing manner (Charmaz, 2014). This means data collected are 

analyzed before collecting additional data. Theoretical sampling, exploring 

promising codes by looking back or looking forward into the data (Charmaz, 2014) 

is also critical to the comparative analytic process of grounded theory. Looking 
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forward means collecting additional data to follow the lead of the promising codes, 

explore unanswered questions, or investigate puzzling cases (Charmaz, 2014). In 

this way, analysis becomes more analytic, explicating the properties, dimensions, 

and variations of categories (Charmaz, 2014). One way to accomplish this is to 

conduct additional data gathering within the same context or to review previous 

data. Charmaz (2014) acknowledges several challenges to conducting theoretical 

sampling including obtaining permissions from institutional review boards.   

In this research, due to the ethical conditions surrounding working within a 

classroom context where the researcher was also the instructor, it was not feasible 

to collect data and analyze the data before collecting additional data. The data 

collected from class activities could not be accessed until students’ grades were 

final. Thus, using the general guideline for theoretical sampling would require 

analyzing each piece of collected data using the MESH tool before collecting the 

next. This was neither practical nor feasible. An alternative approach to theoretical 

sampling was utilized which maintains the integrity of theoretical sampling and 

meet the ethical demands of the institutional review board. 

 To address the issue of ongoing data collection and analysis, the entire data 

set was treated as archival data (Charmaz, 2014). Each activity completed by the 

students was considered one piece of archival data. The entire data set consisted of 

twelve distinct activities and therefore twelve data collection points. Data sampling 

was conducted using these fourteen sets of data. The stages in the application of the 
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afore-mentioned iterative data collection and analysis used in this research are 

provided in Table 3.1.   

 

Table 3.1 

Approach to Data Analysis of Archival Data Det and the Use of Theoretical 
Sampling  

At each stage of coding, the Monday class was coded first, followed by the 
Wednesday class. Memos were written during and at the end of each stage.  
Researcher reflexive journal was completed at various stages.  
  
Stage 1: Analysis of Pre-Survey (Pre) and Post-Survey (Post) 
Stage 2: Analysis of Cooperative Group Activities 

 A. Analysis of Technological Activity (1C) 
 B. Analysis of Mathematical Activity (2AB) 
            C. Analysis of Reflection Activity (3A) 
            D. Comparative Analysis of Class and Group Profiles                

Stage 3:  Analysis of Unprompted Reflection  
 A. Analysis of Unprompted Reflection after Tech Activity (1D) 
 B. Analysis of Unprompted Reflection after Math Activity (2C) 
 C. Analysis of Unprompted Reflection after Reflection Activity (3B) 

Stage 4: Analysis of Prompted Reflections  
A. Analysis of prompted reflection before Tech Activity (1AB) 
B. Analysis of prompted reflection after Tech Activity (1E) 
C. Analysis of prompted reflection after Math Activity (2D) 
D. Analysis of prompted reflection after Reflection Activity (3C) 

Stage 5: Holistic Analysis 
 A. Analysis of Context 
            B. Comparative analysis of Group profiles 
 C. Comparative analysis of Class profiles 

Stage 7: Finalizing Grounded Theory 
           A. Identifying core processes  
           B. Theoretical coding for the overall concept 

 

At the outset of the data analysis, data were analyzed by activity and by class. Any 

leads from the previous analysis were followed by examining the next activity. For 
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example, the Pre-Survey, the first data collection point, the Monday class was 

coded first. With these codes in mind, the data from the Pre-survey Wednesday 

class were coded and leads from the Wednesday class were followed.   

This iterative coding process was used to code the entire data set going back 

and forth between the Monday class and the Wednesday class. Coding in this way 

allowed the researcher to explore promising codes and identify new codes. This 

kind of sampling was further strengthened by making comparisons between classes, 

groups, and individual students. One major drawback to using elicited and archival 

data was that possibilities to follow-up with individual students were limited once 

promising codes started to emerge. 

 A further concern with collecting rich data in grounded theory studies has to 

do with accessing and building rapport with a homogeneous sample (Creswell, 

2013). The use of homogeneous samples by Creswell (2013) is very distinct from 

homogeneous samples in quantitative analysis which must be tested empirically. 

Creswell (2013) defines a homogenous sample as, “individuals who have 

commonly experienced the action or process” (p. 154). The action or process under 

investigation was stimulating reflexive discussions using the MESH tool. 

The researcher obtained the necessary permissions from the relevant IRB 

Committees and students (Appendix I) to conduct the research. Since the researcher 

was the instructor, rapport with the students was well-established before the 

commencement of the project. All students were exposed to this process during the 
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study since all students participated in the 3-week long project using the tool 

MESH. 

Theoretical sensitivity. Strauss (1987) defines theoretical sensitivity as the 

researcher being “sensitive to thinking about the data in theoretical terms” (p. 21). 

Theoretical sensitivity is developed over the duration of the research as the 

researcher becomes intimately acquainted with the data and attuning to relevant 

issues (Corbin & Strauss, 2015). Researchers bring their personal background, 

expertise, thorough knowledge of their discipline, and current life situation to the 

research which interacts with the theory generation (Corbin & Strauss, 2015; 

Glaser, 1978). This interplay requires openness to the data, attunement to the 

students, keeping one’s own preconceptions and prior knowledge in check, and 

diverse perspectives on social phenomena (Charmaz, 2014; Corbin & Strauss, 

2015; Glaser, 1978; Strauss, 1987).   

According to Charmaz (2014), “To gain theoretical sensitivity, we look at 

studied life from multiple vantage points, make comparisons, follow leads, and 

build on ideas” (p. 244). These ideas move beyond mere description and 

interpretation if the researcher remains diligent at each stage of the analysis to be 

more analytic and abstract without forcing the data. It is clear that developing 

theoretical sensitivity is a daunting task for a novice grounded theory researcher 

Theoretical sensitivity is about cultivating a way of theorizing using a set of 

methodological tools as well as the skill, constitution, flexibility, and tenacity of the 
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researcher. From my perspective as a novice grounded theory researcher, 

developing theoretical sensitivity seems to be more art than skill. In this research, it 

was not ethically possible to analyze the data during data collection in the 

traditional manner presenting initial challenges to theoretical sensitivity. 

Recognizing this disadvantage at the outset, I familiarized myself with the 

grounded theory literature, particularly in mathematics education. I also kept a 

research journal and made entries after each classroom activity and recorded any 

observations and insights that could be used at a later time. Once, I settled on the 

aforementioned theoretical sampling plan and began looking at the data as archival 

data, to gain familiarity and increased sensitivity to the data, initial coding was 

done by hand as opposed to using a computer software. Coding the data by hand 

was the surest way to get intimately acquainted with the data. Attending a grounded 

theory seminar and interacting with other grounded theory practitioners was 

immensely useful.   

Coding: initial coding, focused coding, and theoretical coding. The form 

of grounded theory popularized by Corbin and Strauss (2015) uses coding to 

generate themes. Coding begins with open coding where concepts are identified 

through open exploration of the data; selective coding to further refine codes into 

categories; and axial coding which explicates the relationship between categories 

and subcategories. Axial coding, although helpful for the novice grounded theorist, 

has been criticized for adding excessive rigidity to the analysis process (Charmaz, 
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2014). Coding in constructivist grounded theory dispenses of this rigidity and is 

focus on looking for action to identify process (Charmaz, 2014). Heuristically, 

coding in constructivist grounded theory labels each piece of the data using gerunds 

or words ending in ing (Charmaz, 2014; Hadley, 2017). 

Constructivist grounded theory uses two main types of coding: initial 

coding and focused coding. Initial coding proceeds by labeling each unit of the 

data: lines, paragraphs, sections, or incidents. Line-by-line coding is not necessary, 

but it may be more useful to code paragraphs or other divisions of the data. 

According to Charmaz (2014), there are two advantages of initial coding: fit and 

relevance. Thus, initial codes are generated to capture the meaning of students 

actions. The researcher also becomes thoroughly acquainted with the data. In vivo 

codes are codes that use the students’ words. Although in vivo codes may be 

memorable words or phrases that communicate the students’ meaning, they must be 

subjected to the same analysis as initial and focused codes and may or may not be 

useful later in the analysis (Charmaz, 2014).   

Once a set of initial codes are generated, the analysis proceeds to focused 

coding which adds more analytic dimension to the coding process and developing 

codes. During focused coding, one can cluster and code the list of initial codes in 

an attempt to identify codes which help to categorize the data and move from 

description to interpretation (Charmaz, 2014; Hadley, 2017). The list of focused 

codes may include some initial codes or completely new gerunds that have greater 
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analytic power. Focused codes, along with memos, allow the research to form 

substantive categories that explicate the themes, processes, and actions in the data 

(Charmaz, 2014; Hadley, 2017). According to Hadley (2018), in practice limiting 

conceptual categories to no more than five makes the analysis manageable. 

Charmaz (2014) posits that initial and focused coding should produce 

substantive categories that are often sufficient for most grounded theory analysis.  

However, researchers apply further analytic treatment to their substantive code 

known as theoretical coding. This is not really coding per se but an analytic process 

that “includes sorting the supporting data that you have collected, analyzing the 

categories for their dimensions, identifying their properties, and making interactive 

links between the categories” (Hadley, 2017, p. 119). In essence, theoretical coding 

strings substantive codes together in a coherent, integrative theory and concepts 

become more abstract. To identify theoretical direction for the analysis, the 

researcher may choose to look to the literature in the discipline, use any of the 

coding families proposed by Glaser (1978), or ideas from other fields, all in an 

attempt to move the analysis in the direction of generating theory (Charmaz, 2014; 

Hadley, 2017). Theoretical coding should be guided by how well each code fits the 

data and substantive categories and should earn their way into the analysis as 
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opposed to forcing a particular framework on the data (Charmaz, 2014; Glaser, 

1978). 

Memo writing. An integral part of the grounded theory methodology is 

writing memos. Memos are notes-to-self about the emerging codes and theory and 

create an audit trail for concept development. Memos may be organized as coding 

memos, conceptual memos and theoretical memos for each section of data that was 

coded following Corbin and Strauss (2015) recommendations. Hadley (2017) 

recommends keeping a memo organized in a physical binder and separate from the 

data. This method of recording the process helps the researcher to remember the 

analytic process that was used to generate the codes and becomes key to 

reconstructing the substantive theory (Charmaz, 2014). Memos help to recall 

puzzling codes, interesting codes, or questions that should be followed up in 

theoretical sampling and important properties and dimensions of categories 

(Charmaz, 2014; Corbin & Strauss, 2015; Hadley, 2017). Later, during the writing 

stage of the grounded theory, memos can be sorted easily to integrate the concepts.   

Categories to concepts and generating theory. Concepts are developed 

from taking a more analytic interpretation of categories that have more theoretical 

reach (Charmaz, 2014). These final concepts tie all categories together in a 

coherent story. Codes, categories, and concepts are tentative in grounded theory 

and can undergo further revisions even in the writing phase (Charmaz, 2014).  

Strauss and Corbin (2015) use the term core category to identify the process of 
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reaching the main theme of the research. Constructivist grounded theory seeks to 

identify a main concern that interprets students’ actions within a particular context 

(Chamz, 2014; Hadley, 2017). Arriving at this main concern or basic process is not 

always straight-forward, and novice researchers often struggle. (Charmaz, 2014) 

maintains that if there are several processes that explicate phenomena in the data, 

using one single process may be an oversimplification.   

The aim of grounded theory is to develop a substantive or formal theory. 

While both are grounded in and emerge from the data, a substantive theory is a 

contextualized interpretation of a phenomenon while a formal theory provides a 

more abstract explanation of a more generic concern and may cut across disciplines 

(Charmaz, 2014). According to Charmaz (2014), most studies make a claim to only 

using grounded theory methods as opposed to developing theory. Substantive or 

formal theories requires going beyond description and render the data analytically 

and abstractly (Charmaz, 2014). This study has developed a substantive theory or 

comprehensive explanation (Corbin & Strauss, 2015; Creswell, 2013) of 

stimulating reflexive discussions during modeling activities. The final analysis is 

one interpretation of students’ actions within a specific context reflecting upon the 

researcher’s perspective and does not represent an all-encompassing, grand theory 

(Charmaz, 2014; Creswell, 2013; Hadley, 2017) of the process of stimulating 

reflexive discussions. The analysis provides a window into a sparsely researched 

concept and paves the way for future analysis. 
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Theoretical saturation. When is a grounded theory analysis complete? 

Technically, data collection and analysis continue until the researcher has reached 

theoretical saturation, that is when new data does not add any new properties to the 

emerging theory (Charmaz, 2014; Corbin & Strauss, 2015; Strauss, 1987). 

Obtaining more data does not necessarily mean producing a “better” grounded 

theory study; the quality of the data is more important than quantity (Charmaz, 

2014; Hadley, 2017). Often times a grounded theory study may come to an end due 

to other factors like time and money constraints (Charmaz, 2014; Corbin & Strauss, 

2015). Hadley (2018) recommends thinking more in terms of theoretical 

sufficiency, a term suggested by Dey (as cited in Hadley, 2017) which means 

reaching a point in data collection and analysis where the researcher has sufficient 

data to develop the substantive theory. Theoretical saturation requires theoretical 

sensitivity. This means, since the process of doing grounded theory is guided by the 

emerging theory, the researcher has to be sensitive to when the emerging concepts 

are sufficiently developed for the purpose of the original research question. 

Theoretical saturation or theoretical sufficiency is very subjective 

(Charmaz, 2014) but Hadley (2017) makes the following recommendation about 

how to determine if you have reached theoretical saturation,  

Essentially, if you come to a place in your research where you find that you 

are spending large amounts of time to find interesting yet incidental details, 

it is probable that you have gone as far as you can with your study, and 
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what you have will be sufficient for developing a working grounded theory. 

(p. 130)   

In this dissertation study, the amount of data was pre-determined. Determining 

theoretical saturation required being sensitive to the developing categories and 

reviewing the data set from several vantage points and several times. This allowed 

me to explicate the context, properties, and dimensions of the constructed concepts. 

Extensive theoretical sampling of the constructed concepts at the class level, group 

level, and individual level did produce only incident information about the 

concepts. Reaching theoretical saturation does not imply a complete understanding 

of the process of stimulating reflexive discussions during modeling but offers one 

interpretation of student practices within the context of the research. 

Data Collection 

Summary of pilot study. A pilot study was conducted to determine if the 

MESH tool stimulated reflexive discussions as intended. Detailed results are 

presented in Appendix H. Analysis of the three activities that constituted the tool 

MESH showed evidence of the production of reflexive discussions, but their 

occurrences were dependent on the type of activity. The activity characterized as 

mathematical, where the predominant focus was on mathematics procedures 

produced the least amount of reflexive discussions mostly due to the guided 

reflection question at the end of the activity. The activity characterized as 

technological, where the predominant focus was on model construction, produced 
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some reflections but only half as many as the activity, which was reflexive in 

nature. The analysis of the activities of MESH suggests that participant-initiated 

reflexive discussions seemed to be more productive than guided reflections; 

however, these discussions were not guaranteed to occur, and students tended to 

engage in more reflection when prompted. 

The original conceptualization of MESH was reevaluated based on the pilot 

study. First, understanding how criteria, assumptions, and values during the 

modeling process are connected to model production and application of the model 

in society is important to understanding the role of mathematics in society. The 

activities in MESH assumed that students would be able to make this connection by 

completing all the activities, specifically by the guided reflections, but the data 

does not support this assumption.   

The first refinement to the MESH was inclusion of a beliefs and values 

assessment of the role of mathematics in society before modeling activities which 

were intended to help students better understand the connection between values and 

model production; assist them in articulating the values that guide their criteria in 

model construction; and recognize the importance of context and perspective that’s 

embedded in mathematical modeling and applications in society. A Mathematics 

Value Descriptor was added to the MESH framework (Table 2.3, p. 52). 

The second refinement suggested by the pilot was using more open-ended 

modeling activity and reflection questions to foster the production of more and 
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higher-order reflexive dialogue throughout the activity. The data indicate that when 

students engaged in reflexive discourse at points of impasse in the activity, these 

were self-generating and reflected aspects of the social problem that was important 

or relevant to the group. Reflections in such situations were more authentic and 

productive as opposed to the guided reflections.   

Instrumentation. Based on the theoretical framework and the pilot study, 

the revised MESH tool is provided in Appendix D. The MESH tool consisted of a 

Mathematics Values Descriptor, three cooperative group activities (Technological 

Activity, Mathematical Activity, and Reflection Activity), individual unprompted 

reflection after each activity in class, and individual prompted reflection after each 

activity outside of class. Methodologically, the MESH tool takes a systematic 

approach to stimulate reflexive discussions about the role of mathematics in society 

during mathematical modeling activities and entails student engagement in 

cooperative group activities with the learning outcomes as described in the 

structural framework. The MESH tool provides opportunities for students to make 

connections between the role of mathematics in society and the modeling process, 

products of modeling, and consequences of the modeling by simulation, reflection, 

and critique.   

During data collection, MESH was applied systematically as follows. 

1. Survey students’ understanding of the role of mathematics in society (pre-

survey).  
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2. Technological Activity. Students engaged in modeling a real problem in 

their life. In the first part of the technological activity, students engaged in 

model-building on their own in order to prepare them for participation in 

the cooperative group activity. In the second part of the activity, students 

worked together in cooperative groups to find a solution to the chosen real-

world problem. Key to this activity was students’ exploration of the 

assumptions, criteria, and values used in formulating their mathematical 

model. An organizer was provided to help students summarize these ideas.  

3. Values in Mathematics (instructor-led). The values descriptor was not 

utilized as intended. Values were discussed throughout the project, but the 

values descriptor was not used explicitly due to administrative constraints. 

Based on the students’ survey responses, the instructor discussed the values 

that were important in model construction during the technological activity. 

Opportunities were provided for students to practice identifying values 

without using the values descriptor as well. Although the values descriptor 

was not used to name values used in model construction, it was clear to 

students as illustrated by the technological activity that modeling and 

mathematics is not a neutral process. At its core are assumptions, criteria’s 

and values of those who construct the models which is not evident with the 

final product. 
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4. Mathematical Activity. During this activity, students engaged in a 

comparative analysis of various models. The source of these models were 

the student models from the technological activity, the current minimum 

wage model, and other models provided by the instructor. Students were 

provided with the opportunity to examine various models of the same social 

issues, examine the results, and examine how different criteria, 

assumptions, and values lead to very models. 

5. Reflective Activity. During this activity, students deliberately engaged in 

reflection on the modeling process (technological activity), the products of 

the modeling process (mathematical activity) by examining the 

consequences of the products of modeling and identifying the roles of 

mathematics relative to the social issue. This activity used six guided 

questions to stimulate reflection and critique of the consequences of the 

models in order to generate a reaction or acknowledgment of the impact of 

mathematics in everyday life and a need for action. This method did not 

explore the types of reactions by students and kinds of actions that could be 

taken. Sufficient for this research was that the student connected the 

mathematics to their socio-cultural situation and began to “read and write 

the world with mathematics” (Gutstein, 2006, p. 4). 

6. Unprompted Reflections. At the end of each activity (technological, 

mathematical, and reflection), students were asked to reflect on the 
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activities in class by answering the question, what did you think of this 

activity? The purpose of this open-ended generic reflection activity was to 

obtain student visceral reflections which may be different from reflections 

obtained with the prompted journal reflections.  

7. Prompted Reflections. At the end of each activity (technological, 

mathematical, and reflection), students were assigned a reflection prompt to 

complete outside of class. The purpose of this activity was to give students 

an opportunity to think about their cooperative group work. 

8. Survey of student’s conception of the role of mathematics after the MESH 

activity (Post-survey).  

 In addition to the MESH tool, the researcher used the following additional 

instruments: pre-survey and post-survey (Appendix A) of the role of mathematics 

in society. The pre-survey was an open-ended question about the students’ 

understanding of the role of mathematics in society before engaging in the 

curricular task. The post-survey was an open-ended question about the student’s 

understanding of the role of mathematics in society after engaging in the curricular 

task. The survey was intended to shed light on the student’s perspective of the role 

of mathematics and to identify any observable changes after the curricular activity. 

Research setting. The research was conducted at a tertiary institution in a 

large metropolitan area in the southernmost state. formerly classified as a 

community college. Traditional U.S. community colleges are tertiary institutions 
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that offer a terminal associate degree which is equivalent to the first two years of 

general coursework required for a bachelor’s degree at a four-year college or 

university. Recently, however, following statewide and national trends, the research 

site began offering bachelor’s degrees in a limited number of fields including 

teacher education. Community colleges use an open enrollment policy, and 

therefore there tends to be greater variation in students’ age and academic 

preparedness for college-level work. The majority of students enrolled at the 

college are eligible for the Pell Grant, thus classifying them as economically 

disadvantaged populations. Furthermore, a large percentage of enrolled students 

require remediation and are thus also educationally disadvantaged. Educationally 

disadvantaged students tend to have not only deficient mathematics skills but lack 

modeling competencies because they were exposed to little or no mathematics 

modeling before enrollment in college algebra. 

Participants. The sample consisted of two college algebra courses taught at 

the same tertiary institution by the researcher and offered in a spring semester. 

College Algebra is the gateway college-level mathematics course for students’ 

general education requirement. Consequently, students had comparable to the 

college population poor mathematics and modeling competencies. College algebra 

courses were chosen to ensure students had or would acquire through the course 

learning objectives the necessary mathematics competencies required to complete 
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the curricular task. The researcher assumed students had limited or no modeling 

competencies. Thus, the openness of the modeling task was restricted. 

The 16-week college algebra courses were delivered in a blended format. 

This meant that students met face-to-face on campus once a week for seventy-five 

minutes and completed online learning activities in addition to homework. Online 

activities included watching lecture videos or reviewing lecture slides and taking 

online quizzes weekly on course content. The blended format created time 

constraints for administering the project since most of the data were collected 

during class. Participation in the study was voluntary; data were collected and 

utilized only for those students who gave their written consent to be a part of the 

study  

On the first day of class, students were advised that their class would be 

participating in a research study; were provided with a verbal overview of the 

project; and invited to participate in the research study. Three weeks before the 

project, consent and informational forms were distributed to students. Times were 

made available outside of class to answer students’ question and address any 

concerns of the students. Students had to attend an informational meeting with the 

researcher where consent forms were provided, information about the project was 

provided, and questions were answered. Consent forms were completed outside of 

the presence of the researcher and dropped in the designated box in the 

mathematics department office. Once consent forms were received, a colleague of 
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the researcher checked the forms and randomly assigned all students into 

cooperative groups. All students who were enrolled at the beginning of the project 

consented to participate; however, one group from the Monday class was dropped 

because of an ambiguous consent form.  

There were four groups within the Monday class (16 students) and four 

groups within the Wednesday class (11 students) for a total of eight cooperative 

groups and 27 students. The Monday class was predominantly female, with six 

males. There was one all-female group in the Monday class. Two students, a male, 

and a female from the Monday class did not return to class after the first day of the 

MESH activities. Their data were included in the cooperative group work for the 

technological activity only. The Wednesday class included six males and five 

females. There was no attrition in the Wednesday class. Typical of community 

college, the age range of the students varied widely from recent high school 

graduates to mature adults who were returning to school after a number of years. 

Additionally, the classes represented a diverse mix of ethnicities, representative of 

the large metropolitan area, including students whose first language was not 

English, international students, and recent immigrants. 

All participating groups were recorded during the technological, 

mathematical, reflection activities and discussion. Table 3.2 (p. 92) lists the 

students who started the project and their cooperative group from both classes. All 



 

92 
 

names used were fictitious names chosen by students at the start of the project and 

were used throughout the data analysis and reporting of results. 

 

Table 3.2 

Monday Class Group Assignments 

Group 1 (MG1) Jerome (M), Sashkia (F), Petagaye (F), Billy (M)  
Group 3 (MG3) Jisoo Lee (F), Iconic (F), Jill (F)  
Group 4 (MG4) Alana Hope (F), Marley Grant(F), Abigail Pio (F), Toby (M), 

Keshawn (M)  
Group 5 (MG5) 
Group 1 (WG1) 
Group 2 (WG2) 
Group 3 (WG3) 
Group 4 (WG4) 

Anabelle(F), Kennedy (M), Irina (F), Alabama (F) 
Lloyd (M), Curlyfry (F) 
Bankrolls (F), Ricky Bobby(M), Skai Taylor (F) 
Homeslice (M), Tony Shark (M), Mickie (F) 
Kaiti (M), Mollie (F), Elijah (M) 

Note. All names are fictitious names. F represents female; M represents male; MG1 is the notation 
used to indicate class (M for Monday and W for Wednesday) and group number; Group 2 from the 
Monday Class was omitted from the results.  
 
 

Curricular task. The curricular task encompassed the three activities of the 

MESH tool (Appendix D): technological, mathematical, and reflection activities. 

This study used a curricular task located in the real world of the students. The task 

involved modeling a social issue being debated contemporaneously, and the 

required mathematics was consistent with the course outline. Specifically, the task 

involved determining a minimum wage (technological) and deciding whether the 

minimum wage should be raised to $15 per hour (mathematical & reflection). The 

realistic context is one in which nearly all students can relate directly or indirectly. 

Since the study assumes the students have limited or no experience with 

mathematical modeling, the task was chosen by the instructor and is on the lower 
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end of the spectrum of Barbosa’s (2003) classification of how to select tasks in the 

socio-critical paradigm. In this way, mathematical and modeling competencies does 

not become a major hindrance in completing the task directly. 

The task invited students individually and in a cooperative group to 

determine a simple model for the minimum wage using a budget of basic needs. In 

this way, students were engaging in the traditional modeling process. Once students 

determined their own model of the minimum wage, students were invited in the 

mathematical activity to compare and contrast the various student-produced models 

of the minimum wage as well as historic minimum wage trends. Finally, students 

participated in a group reflection activity which prescribed reflections on the 

consequences of the mathematical models of the minimum wage.   

Data collection procedures. The data were collected over a five-week 

period beginning in March 2017. The modeling project model was posted online in 

the Learning Management System along with due dates and all supporting 

materials. Materials were released after being assigned in class. Data collected 

included audio-taped conversations of the three in-class modeling activities, and 

students’ written work before, during, and after each activity. Table 3.3 (p. 94) 

provides a summary of the data collection points. 
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Table 3.3 

Data Collection Points 

  During In-Class 
Activity 

After In-Class 
Activity 

Before 
Modeling 
Activities 

Pre-Survey (Pre) 
Individual TECH Activity (1A) 
Prompted Reflection (1B) 

N/A N/A 

Week 1 Technological Activity 
(cooperative in-class) 
 
 

Audio-recorded  
Written Work 
(1C) 
 

Unprompted 
Reflection 
(1D) 
Prompted 
Reflection 
(1E) 

Week 2 Mathematical 
Activity (cooperative in-class) 

 

Audio-recorded 
Written Work 
(2AB) 

 

Unprompted 
Reflection 
(2C) 

Prompted 
Reflection 
(2D) 

Week 4 Reflection  
Activity (cooperative in-class) 

 

Audio-recorded  
Written Work 
(3A) 

 

Unprompted 
Reflection 
(3B) 

Prompted 
Reflection 
(3C) 

After 
Modeling 
Activities 

Post Survey (Post) 
 

  

 

 

Students’ written work consisted of pre- and post- surveys responses, 

unprompted reflections after each activity in class, prompted reflections after each 

activity outside class, and any written work during the modeling activities. 
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Classroom data were collected and stored away until the end of the semester when 

grades were finalized. The classroom data were collected in several rounds as 

follows. 

1. Round 1. Open-ended pre-survey (Appendix B). Students written 

responses were collected one week before the start of the project. 

2. Round 2. Audio-recorded modeling activities and student’s written 

work. The three group modeling activities (technological, mathematics, 

and reflection) were audio-recorded during three consecutive weeks. 

Additionally, students’ written work during and after the activities were 

collected and stored. 

3. Round 4. Open-ended post-survey (Appendix B). Students written 

responses were collected one week after the last activity. 

4. Transcription of all audio-recorded activities was completed in July 

2017. 

5. Analysis of the data began from July 2017 until December 2018.  

Each identifier in parenthesis represents a unique data collection point that guided 

the data analysis. There were three group data collection points (1C, 2A, 3A) which 

provides both group and individual data. There were ten individual data collection 

points (Pre, Post, 1A, 1B, 1D, 1E, 2B, 2C, 3B, 3C). 
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Ethical Considerations  

Selecting constructivist grounded theory as the strategy of inquiry for this 

research has implications for research design, data collection, data analysis, and 

final the final substantive theory. The most critical parts are ethical considerations 

relating to students, research, and the researcher (Corbin & Strauss, 2015) and are 

guided by the ethical standards of qualitative research (Corbin & Strauss, 2015; 

Creswell, 2013; Denzin & Lincoln, 2000). One important ethical concern for the 

researcher is the need for reflexivity, or self-reflections throughout the research 

process, documenting the influence of the researcher on the research and vice versa 

(Charmaz, 2014; Corbin & Strauss, 2015).  

Another important ethical concern when collecting data involving students 

is the issue of coercion resulting from the researcher as the instructor. To avoid the 

appearance of coercion, the researcher did not analyze the data until semester 

grades were final. This means all data were collected and stored away before 

analysis began. Thus, the iterative process of collecting and analyzing data, as well 

as theoretical sampling, which are central to grounded theory research (Charmaz, 

2014) was reconceptualized. Extensive details are provided later in this chapter 

which explains how the researcher handled the iterative process and theoretical 

sampling. 
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Role of the Researcher and Reflexivity 

 In qualitative research, the researcher is also the instrument, and although 

they may use other instruments, they are constructed by the researcher (Creswell, 

2013). Further, in constructivist grounded theory, the students and researcher co-

construct the data and analysis, and the substantive theory is an interpretation of 

students’ construction of meaning in a particular situation (Charmaz, 2014). In this 

research, I was both the researcher and instructor, and I developed the MESH tool 

that was used during the modeling activity as discussed in Chapter 2. This had 

several implications. First, as the instructor, before the start of the project I had the 

opportunity to develop a rapport with my students which facilitated the 

administration of the modeling project. At the same time, multi-tasking as 

researcher and instructor in the classroom was tricky, and I had to constantly 

prioritize interacting with my students as an instructor first. Since the data could 

not be fully analyzed until after grades were finalized, it was much easier to focus 

on my role as an instructor. Only administrative adjustments based on classwork 

were made to the project. I used a script for each activity to ensure consistency 

across the classroom.  

The second issue was the hierarchy of power that is typical in any 

classroom situation. I recognize that students’ involvement in the research project 

could be due to their desire to please the instructor (social desirability) or 

connecting their participation with earning a better grade in the course. Ethical 
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considerations and IRB requirements precluded any kind of coercion. Learning 

objectives, grading rubrics, and all materials were made available online. I was 

very aware of the delicate balance of my various roles throughout the curricular 

activity and made conscientious efforts to limit my intrusion in the students’ 

cooperative work. 

Since the researcher is intertwined with the construction of grounded 

theory, controlling bias and assumptions during data collection and analysis is 

critical. This can be accomplished through research reflexivity or making explicit 

the researcher’s privileges, positions, and perspectives (Charmaz, 2014; Hadley, 

2015). Engagement in reflexivity must continue throughout the entire process from 

collecting data to disseminating the final product (Charmaz, 2014). I kept a journal 

throughout the research process which allowed to me to constantly re-evaluate my 

evolving perspectives. I will now discuss some salient background information that 

may impact my interpretations of the research.  

As an immigrant from a former British colony, I believed that education 

was a privilege and not a right. During my formative years in school, I learned 

mathematics through the transmission form of teaching that characterized the 

British School Curriculum (Ernest, 2010) at the time, and I thrived in this system of 

rote learning, memorizing, manipulation of procedures and formulas without any 

real contextualization of mathematics. This background not only informed my 

conceptions of mathematics but impacted the way in which I navigated my 
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American schooling experience and my teaching. Mathematics as a discipline and 

mathematics education has been a cultural monolith historically. As a female of 

color in the classroom, there were power dynamics beyond the teacher-student that 

were a part of a larger societal narrative that impacted the classroom setting. 

Over the last ten years, I have taught mostly developmental mathematics, 

online, and blended courses. I have seen first-hand the anguish of my students who 

struggle with mathematics in various forms and who felt hindered in their career 

trajectory because they were not good at math. Being good at math, whatever its 

meaning, is a privilege in school and society at large. This privilege has 

implications and dichotomizes the mathematics classroom and by extension the 

world; and has socio-economic and political implications. I was not trained as an 

educator, yet I was able to gain employment as a high school mathematics teacher 

and later an instructor at the research site. Personally, I felt woefully inadequate to 

navigate the complexities of the teaching and learning environment. My social and 

economic situations are directly related to my perceived mathematics privilege. 

My students would always ask, “when am I ever going to use this again?” 

In the beginning, I would try to come up with clever answers about critical 

thinking, problem-solving skills, or say something like, “mathematics is a universal 

language.” I knew these answers weren’t justifiable in the greater socio-economic, 

political, and cultural context and I recognized my own disillusionment with 

misplaced mathematics privilege and the unconscious bias of my schooling 
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experience. Students did not connect school mathematics to their lives, and I took 

those connections for granted. This led me to question the power of mathematics in 

society and the implications for those who are rendered powerless because they are 

bad at math and contemplated whether this disposition was not some form of 

mental enslavement. I knew most of my students would never factor a polynomial 

again after leaving college algebra; I thought about all the mathematics I have 

learned and never used. I questioned my role as an instructor and what it meant to 

help my students to see the world mathematically. 

Up to contemplating this research question, my experience of teaching 

philosophy of mathematics, regardless of any vocalized philosophy, was what came 

through in classroom practice, which was mostly predicated on how I learned 

mathematics. As a mathematics education researcher, I find myself in the cross-

hairs of a dizzying array of philosophies and frameworks. I take a broad approach 

to situating myself in this milieu, as my perspective is ever evolving. Using Ernest 

(2010) classification of mathematics philosophies, I now situate myself in social 

philosophies of mathematics. Consistent with social philosophies of mathematics, 

my views on teaching and learning are located within the critical education research 

paradigm (Romberg, 1992). Constructivist grounded theory methods align with my 

perspectives and are well-suited for exploring the concerns of this line of research. I 

bring these perspectives into the research setting, and I am keenly aware and 

continuously question how my lens impacts my interpretation of students’ actions. 
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These privileges and perspective shape my interpretation which has undergone 

transformations during the process of theorizing. The rest of this chapter discusses 

in detail the pilot study, research setting, students, instruments, research design, and 

data collection and analysis methods using constructivist grounded theory. 

Data Analysis 

 Students’ work during the class project was treated as an archival data set 

for the purpose of data analysis and followed the iterative sampling plan outlined 

previously. At the outset, I chose not to use a computer software to complete the 

initial coding. While there are many advantages to using a computer software, I 

determined the best way to become familiar with the very large data set was to 

complete the coding by hand. This decision proved to be beneficial. 

Transcription and initial coding. The three audio-recorded cooperative 

activities were outsourced for transcription which took several weeks. Students’ 

words were transcribed verbatim. Any modifications to students’ words for clarity 

were indicated by the use of “[]” in the excerpts presented. The coding began with 

line-by-line coding of the pre-survey for the Monday class which generated 155 

codes. Armed with these codes, I proceeded to code the Wednesday class pre-

survey. I used this process for each activity, coding by activity and then by class. 

Table 3.4 (p.102) presents a sample of the progression of initial coding throughout 

the data set for the participant Jisoo.  
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Table 3.4 

Progression of Initial Coding for Jisoo  

Activity (Pre): Pre-Survey  
 
We1 use math every day.2 We use it when we 
go to the grocery store, when we get gas; 
when we buy anything3. It’s also used by 
teachers4 when they grade papers. When you 
cook, you have to use a certain amount of 
each ingredient and determining how much is 
related to math5.  
 
 
Activity (1D): Unprompted Reflection after 
Tech Activity  
 
It really showed me how expensive it is to 
live and how different situations affect how 
you live1. Budgeting was difficult2 because 
I’ve never had to do anything like it3. I had no 
clue4 how much things cost5.  
 
Activity: Prompted Reflection After 
Reflection (3C) 
 
Everybody has different living conditions and 
situations in their lives that play a role in how 
they stay alive1...There are families with one 
child, two children, three children and so on2.  
Every family needs a different amount of 
money to survive3....I believe that the 
minimum wage should be raised to $15 
because the minimum wage is too low for 
most families to live off4,5. Even though 
people shouldn’t be living off the minimum 
wage that is what is happening.6 So the 
minimum wage should be raised…  

Initial Codes 
 

1 Identifying daily uses of 
math by the proverbial “we” 
2Attributing ubiquity of math 
in daily life with words like 
we, us, every day, anything  
3Claiming the importance of 
math every day from 
experience   
4Identifying how professionals 
like teachers use math 
5Identifying the indirect use of 
math in cooking 
 

1Learning real-life knowledge 
2Struggling with the activity 
3Being challenged  
4Having no clue 
5Lacking personal experience 
 

 

 

1Recognizing complexity 

2Recognizing varying 
assumptions 
3Recognizing varying outcomes 
4Stating position 
5Supporting position 
6Balancing position 
7Affirming position 
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The initial coding was tentative and descriptive in the beginning but became 

more precise and analytic as the analysis went on. For example, the sentence, “we 

use math every day”, was coded as identifying daily uses of math. By the last coded 

activity, codes became shorter and more analytic. The sentence, “everybody has 

different living conditions and situations in their lives that play a role in how they 

stay alive,” was coded as recognizing complexity. 

Unlike the pre- and post-surveys which were coded line-by-line, a different 

approach was used for the transcripts of the cooperative activities of the MESH. 

Initial coding began with the Monday class technological activity. When I coded 

the first group’s transcript, I proceeded to code each line. Group one was more 

verbose, and it seemed appropriate at the time. When I started to code Group two’s 

transcript, it didn’t make sense to code each line. It made more sense to code 

several lines of text together. So, instead of using each line as the unit of analysis, I 

used natural breaks in the dialogue or when the group action seemed to change and 

applied a code to that segment of text. This seems to make more sense.  

Initial coding typically generated many codes. Focused coding began by coding the 

initial codes for each activity. I was able to make comparisons between class, 

groups, and individuals. This constant comparative analysis throughout helped me 

to identify the most telling codes. Some initial codes were retained like eye-opening 

and getting deep. However, during focused coding, I sought to subsume the initial 
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codes under a more telling code. Table 3.5 presents a sample of initial codes from 

coding the Reflection Activity activity of all groups.  

 

Table 3.5 

Sample of Initial Codes from the Cooperative Reflection Activity 

Reflecting on 
mathematics 
Reflecting on the 
social issue 
Writing to reflect 
Struggling 

Writing the same 
thing 
Getting too deep 
Speaking 
Reflection 
Bullying  

Clarifying 
Instructions 
Struggling 
Feeling anxious 
Struggling to 
summarize input 

Writing 
Reflection 
Expressing 
exasperation 
Expressing 
uncertainty 

Writing better 
than thinking 
Learning from 
peers 
Feeling confused 
Not doing math 
Repeating the 
same stuff 

Talking the same 
thing 
Feeling confident 
Assuming the role 
of leader 
Communicating 
teacher beliefs 
Feeling frustrated 

Reading 
individual 
response 
Assuming the role 
of scribe 
Seeing the world 
through cultural 
lenses 

Finding the right 
answer 
Looking for the 
right answer 
Writing quietly 
Power struggle in 
the classroom 

 

 

Memo Writing and Developing Categories. Throughout the coding 

process, I wrote memos about the most telling codes, questions, insights, and 

general direction of the research. The memos, along with diagramming, created an 

audit trail or built-in checks and balances of the grounded theory method (Corbin & 

Strauss, 2015). These memos were later sorted and organized and used in writing 

up the final substantive theory. The conceptual memo presented provides insight 
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into the early development process of the code getting deep, an in vivo code which 

appeared in the reflection activity. 

Once the focused coding was complete, through theoretical sampling, I was 

further able to categorize these focused codes. Table 3.6 summarizes the results of 

applying the coding procedure to the group activities of the MESH tool and the 

resulting categories for each activity.  

 

Table 3.6 
 

Summary of Categories After Focused Coding of Group Activities 

Activity Category A sample of Focused 
Codes  

A sample of Initial 
Codes 

Group Tech 
Activity (1C) 

Exploring 
the Real 
World 

Relaying personal 
experience 
Doing the Math 
Negotiating tensions 

Relying on personal 
experience 
Relaying personal 
experience 
 

Group Math 
Activity (2AB) 

Doing the 
Math 

Clarifying Instructions 
Struggling with 
mathematics 
Reflecting 
Running out of time 
Communicating 

Reasoning 
mathematically 
Clarifying 
Instructions Running 
out of time 
Calculating. 
Contemplating 
Working slowly 
Making comparisons 

Group Reflection 
Activity (3A) 

Getting 
Deep 

Getting deep 
Bashing it out 
Making progress 
Scratching the surface 
Struggling 
 

Thinking deeply 
about Math 
Feeling Anxious 
Writing the same 
thing 
Struggling 
Playing the parrot 
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A summary of the coding for individual activities is presented in Table 3.7. 

 

Table 3.7 

Summary of Categories After Focused Coding of Unprompted and Prompted 
Reflections 

Activity Category A sample of 
Focused Codes 

A sample of Initial 
Codes 

Unprompted 
Reflections (1D, 
2C, 3B) 

Eye-opening Creating awareness 
Recognizing 
complexity 
 
 

Creating 
awareness 
Stimulating debate 
Varying solutions 
Recognizing 
complexity 
Enjoying Math 
class 

Prompted 
Reflections (1E, 
2C, 3C) 

Positioning Developing new 
understanding 
Stating position 
 

Struggling with 
activity 
Learning from 
peers 
Making rational 
arguments 
Reasoning 
logically 
Getting a sense of 
reality 
Being certain 
Stating position 

Prompted 
Reflection Before 
Tech Activity (1B) 

Fumbling in 
the Dark 

Expressing 
uncertainty 
Talking out of their 
heads 
Voicing opinions 
and feelings 
 

Talking out of 
their heads 
Voicing opinions 
and feelings 
Taking a stance 
Relating personal 
experience 
Expressing 
uncertainty 
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Using the coding process, writing memos along the way, employing constant 

comparative analysis and theoretical sampling, each activity of the MESH tool was 

assigned a category which formed the basis for the substantive theory of 

stimulating reflexive discussions. Table 3.8 summarizes the categories for the pre-

and post-survey which were the first activities to be coded. 

 

Table 3.8 

Summary of Categories After Focused Coding of Pre- and Post-Surveys. 

Activity Category A sample of 
Focused Codes  

A sample of Initial 
Codes 

Pre-Survey Mathematizing 
Experiences 

Believing the 
dominant narrative 
Relying on 
experience 
Negotiating 
tensions 
Simplifying 
everyday life 
 

 
Believing 
mathematics is 
important 
Relating personal 
experiences 
Defining 
mathematics 
Struggling with 
mathematics 

Post-Survey Establishing 
Relevancy 

Believing 
mathematics is 
important 
Connecting math to 
everyday life 
Defining 
mathematics 
Struggling to 
understand the role 
of math 

Relying on 
contemporary 
examples 
Relying on 
experience 
Believing math is 
ubiquitous 
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Categories to concepts. Codes, categories, and concepts are tentative in 

grounded theory (Charmaz, 2014). Evidenced by the final substantive theory in 

Chapter 4, the analysis underwent even further revisions to bring more analytic 

power (Charmaz, 2014) to the data, and the final category for the reflection activity 

was identified as negotiating mathematics as opposed to getting deep. Reviewing 

the summary presented in Table using diagramming, reviewing memos, theoretical 

sampling and making constant comparisons between class, groups, individuals, and 

activity, I developed more analytic interpretations for each category. For example, 

when coding the data, students had problems with many things during the project. 

All codes relating to problems were categorized as struggles. Since many of these 

problems were not resolved in the span of three weeks, it was not sufficient to use 

the term problems. The concept of tensions arose out of this category. Using 

theoretical sampling, I returned to the data to try to understand this notion of 

tension throughout the project. Since students didn’t really solve their many 

problems, the notion of negotiation seemed more appropriate. This idea of 

constantly negotiating tensions was present in all activities of the MESH and in all 

groups and was fully manifested in the Reflection activity. Therefore, it seemed 

that negotiating tensions was a more analytic interpretation of students’ actions 

while using the MESH tool and thus became an overall concept. 

The process of arriving at the final process took many iterations. An early 

attempt at identifying an overarching concept is presented in Table 3.9 (p. 109). 
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Table 3.9 

Early Memo Regarding Overarching Concept 

Memo: Overarching concept      May 24, 2018 

So now it’s time to write. I have gone through 99.9% of the data, and I am trying 
to put this story together. Trying to put all these codes and ideas together is not 
easy. Two nights ago, I was thinking about my research question: how did the 
MESH stimulate reflexive discussions about the role of mathematics in society? 
So, I have to stick to the question. At first, I thought this was about struggle. It is. 
I realize that my goal, as well as the students’ goal, is to understand the role of 
mathematics in society. To this end, this little digging tool was created. How did 
this little tool lead students to this end? It turns out that students did reflect on a 
lot of things individually and collectively. But they didn’t necessarily reflect on 
the role of mathematics in society. Now here, we are not just talking about 
numbers. We are talking about the invisible use of mathematics in society to 
make decisions. So, numbers lead to decisions which lead to more numbers 
which lead to systems and structures which control and manipulate our lives. But 
this is not visible. It’s difficult to connect this idea that mathematics is the engine 
driving our societies. So, I looked at all the activities. To me it became clear that 
in each activity the following process could be identified: experimenting 
(exploring or experiencing), voicing, negotiating tensions, revising. Each activity 
helped the students to do this. I now realize that voicing (their visceral reactions) 
occurred in the cooperative work and unprompted reflections. Looking at 
research question 4, I connect this process to students’ trying to mathematize 
their experiences. This is the outcome of the students’ action. So, in the 
technological activity relevance of math as a tool to solve a specific problem is 
clear. The relevance of math in technological and social development is also 
clear. But relevance in citizenship and democracy isn’t really clear in each 
activity. Experiencing vs experimenting. I like experiencing. Students are 
engaged in explorations that affect or influence them. So, experimenting is not 
quite the best term. In each instance, they are investigating something but fully 
engaging in the investigation, but they are undergoing something that transforms 
them or affects them. In this instance, it affects their point of view.  

   

While other versions of grounded theory emphasize a core concept, 

constructivist grounded theory does not (Charmaz, 2107). In fact, identifying an 
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overarching concept can become problematic for a novice grounded theorist and at 

times felt like forcing the data to fit a preconceived plan. I instead focused on the 

identified processes, explicating the properties, and going back to the data. One 

technique that helped was listing the twenty-one essential codes (Table 3.10) and 

asking the following questions: What do the following have in common? What 

action does it speak to for the students?  

 

Table 3.10  

Summary of Codes used to Identify Core category 

Voicing Reflecting Struggling Negotiating Tensions 
Creating 
Awareness 

Influencing Revising Shooting in the dark 

Defining 
Mathematics 

Digging Deeper Doing the Math Going through the 
motions 

Scratching the 
surface 

Bashing it out Relaying 
Experiences 

Mathematizing 
experiences 

Establishing 
Relevancy 

Fumbling in the 
dark 

Stimulating 
debate 

Varying solutions 

Recognizing 
complexity 

Developing new 
understanding 

Gaining a new 
perspective 

Seeing with different 
eyes 

Personalizing 
Mathematics 

Challenging 
Mathematics 

Experiencing  Positioning 

 

 

Identifying an overarching concept. The substantive theory emerged out 

of reviewing the extensive memos on the coding and evaluating the categories that 

emerged from the data, their properties, and their connections. The first step was 

trying to understand the contextual elements that generated the eight categories. 
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Corbin and Strauss (2015) discussion of context and process proved to be very 

useful. It was clear from the eight summarizing categories that the activities of 

MESH or the MESH tool itself provided the main contextual factor. The contextual 

factors are summarized in Table 3.11.  

 

Table 3.11 

Contextual Factors Relevant to the Interpretation of Core Concepts 

Blended College Algebra Course 
3-Week (consecutive) Class Project – using MESH tool 
Nature of MESH activity – Individual or Cooperative 
Type of MESH activity - Technological, Mathematical, Reflection, Journal 
Roles of Mathematics: Practical tool, Technical and Social Development, 
citizenship and democracy 

  

 

Once the contextual factors were identified, integrating the core processes 

and perchance identifying a main concern was the next order of business. One 

important step in getting to the core was thinking about and trying to understand 

the basic process that students were engaged in and why. It turned out by 

examining the students’ responses that although the researchers’ major concern was 

stimulating reflexive discussions, the students’ major concern was just succeeding 

with the project or earning a grade. At the same time, achieving this goal came with 

struggles, which students had to work out. Once I started thinking about how 

students progressed towards their goals (succeeding on an assignment)) and 



 

112 
 

managed the associated problems, I gained some clarity about the basic social 

process taking place. The use of diagramming among other writing techniques was 

utilized.   

There were many attempts at a main concern, but what emerged initially 

was the identification of several core processes and eight categories which were 

narrowed to five: personalizing mathematics, challenging mathematics, negotiating 

tensions, voicing, and positioning. Later voicing and positioning were combined 

into one concept called voicing with positioning as a property. The attempt to find 

an overarching concept based on the five final concepts was not satisfactory. It was 

later, after writing up the substantive theory, that the core social process was 

identified. The result of the constructivist grounded theory is the identification of a 

process for stimulating reflexive discussions about the role of mathematics in 

society during modeling activities. This process involves the following sub-

process: personalizing mathematics, challenging mathematics, negotiating 

mathematics, and voicing mathematics. 

Criteria for Grounded Theory (Verification)  

According to Krippendorf (2004), “Validity is that quality of research results 

that leads us to accept them as true, as speaking about the real world of people, 

phenomena, events, experiences, and actions. A measuring instrument is considered 

valid if it measures what its user claims it measures” (p. 313). 
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In qualitative research, terms like credibility, transferability, dependability, 

and confirmability are preferred to describe the empirical rigor and truthfulness of 

the findings (Corbin & Strauss, 2015; Creswell 2013; Lincoln & Guba, 1985). 

While there are a variety of general approaches to establishing the rigor and 

truthfulness of qualitative data, this study relied on the specific guidelines 

recommended for grounded theory (Charmaz, 2014; Corbin & Strauss, 2015; 

Glaser & Strauss, 1967/1999; Hadley, 2017).   

Glaser and Strauss (1967/1999) state that the criteria for grounded theory 

should be based on “the detailed elements of the actual strategies used for 

collecting, coding, analyzing, and presenting data when generating theory and on 

the way in which people read the theory” (p. 224). Problems associated with 

verification of grounded theory include: confidence as a researcher in the 

substantive theory developed; communicating the substantive theory or theoretical 

framework clearly to others; and describing data in vivid details, so it conveys the 

theory (Glaser & Strauss, 1967/1999). Grounded theories should have fit, 

relevance, workability, and modifiability (Glaser, 1978). Fit and relevance mean 

the theory fits the data and is relevant to the objectives of the research (Glaser & 

Strauss, 1967/1999; Glaser, 1978). A grounded theory works when it has 

explanatory, predictive and interpretive power in the substantive area and is 

achieved through the systematic process of analysis (Glaser & Strauss, 1967/1999; 

Glaser 1978). Modifiability refers to being able to recast a substantive theory in 
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light of new emergent conditions or variations without dismissing what came 

before (Glaser & Strauss, 1967/1999; Glaser, 1978). Since grounded theory is a 

systematic approach to theorizing, these criteria are met in the process of doing 

grounded theory (Glaser & Strauss, 1967/1999; Hadley, 2017), that is, the constant 

comparative method and integration of concepts tend to correct data and inferential 

inaccuracies (Glaser & Strauss, 1967/1999). 

To make the verification process more tractable, Corbin and Strauss (2015) 

have recommended a long list of general conditions which both researcher and 

reviewers may utilize. Charmaz’s (2014) approach is more flexible and consistent 

with Glaser and Strauss’ (1967/1999) recommendations and identifies four criteria 

for grounded theory studies along with a list of questions to assess each. The 

criteria are credibility, originality, resonance, and useful (Charmaz, 2014). Hadley 

(2017) condenses these questions into a matrix for evaluating grounded theory and 

is reprinted in Figure 3.1 (p. 115). Credibility is concerned with familiarity, 

sufficiency, breadth, and logical linkages. Originality assesses the contribution of 

the research. Charmaz’ (2014) third criteria address the issue of resonance. 

Charmaz’ (2014) final criteria for sound grounded theory studies involves 

usefulness. 
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Figure 3.1. Matrix for grounded theory evaluation. From Grounded Theory in 
Applied Linguistics Research A Practical Guide (p. 146) by G. Hadley, 2017, New 
York: Routledge. Copyright 2017 by Gregory Hadley. Reprinted with permission.  
 

This research used the four criteria set out by Charmaz (2014) and modified 

by Hadley (2017) along with some the general conditions recommended by Corbin 

and Strauss (2015) to assess the credibility of the explanatory grounded theory. The 

researcher employed the following set of general conditions throughout the 

research project.  

1.  Obtained specific and ongoing training in qualitative research methods 

to ensure a high level of researcher competence through seminars and/or 

courses. The researcher read several texts on qualitative data analysis, 

attended a seminar on qualitative text analysis in Hamburg, Germany; 

Usefulness
Does the theory aid in plannin gfuture 
actions, in understanding the situation, 
and/or prediciting possible outcomes?

Credibility
Has the theorist been open about 

methodological decisions and data 
presentation?  Is the cited literature 

and theoretical discussion believable?

Resonance
Based on your experience in the same 
social arena, does the theory ring true?

Originality
Does the theory either connect or 
extend previous works?  Does it 

provide a fresh perspective

Grounded Theory 
Evaluation  
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and attended a two-day constructivist grounded theory workshop by 

Cathy Charmaz in Lancaster, UK.  

2. Maintained methodological consistency by adhering to researched-

based procedures of grounded theory analysis as outlined in the 

procedures section; applied the procedures of MESH in a consistent 

manner in both classes by using a script, checklist and noted any 

external factors that may contribute to inconsistencies.  

3. Maintained a high level of self-awareness throughout the research by 

keeping a journal and writing memos often. Since the researcher also 

was the instructor of the course, it was important to be aware of 

personal biases and assumptions at all times during data collection and 

analysis that may impact the research. The researcher maintained an 

extensive personal journal during the process.   

4. Maintained a high level of sensitivity to the students and data in order to 

observe the appropriate point of view of the students and have an 

empathetic attitude toward the data by writing memos.  

Finally, additional means of verification of methodological consistency was 

implemented at the request of my dissertation chair. To this end, the researcher 

consulted with a qualified grounded theory expert to assess the reported data 

analysis methods. The expert may be considered an unbiased outsider since he is 

not a part of the researcher’s discipline. This means the expert will see things in the 
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coding that the researcher did not see giving another perspective. The process 

entailed the following. 

1. The expert was asked to code a sample of the data.  

2. A Skype meeting was arranged to discuss the coding, discuss other 

ways to assess quality in grounded theory, and ask questions. During the 

meeting, we discussed one line of text that was similarly coded and one 

that was coded differently. The text that was coded differently was 

interpreted in the same way, but the “why” was coded differently. There 

was an incidence of bullying. I coded this as cooperative group 

dynamics since it occurred in another group with gender roles reversed. 

He coded it as gender-related. He was not aware of the other incident. 

We discussed this and agreed that there was a hierarchy of who leads in 

a group setting and there are various ways of determining this hierarchy 

of which gender positioning is one of them. I did not consider this.   

3. The researcher’s coding and the expert’s initial coding were compared, 

and an opinion of the coding was written (Appendix G). 

4. The expert recommended using an upper-level coding verification 

organizer for higher level concepts and seeking the opinion of others 

within the research discipline to assess the resonance and external 

validation of the emerging concepts. The organizer was completed for 

all six concepts and given to several educators in the field. Most 
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concepts were well understood. According to the grounded theory 

expert, the concept of voicing mathematics was very broad. The survey 

of upper-level coding is included in Appendix G.  

5. The expert recommended reference materials to support the researcher’s 

approach to data analysis since data were analyzed after collection. 

Limitations of Grounded Theory Methodology  

 Using constructivist grounded theory to analyze this research question 

presented three key challenges: (a) conducting qualitative research in a quantitative 

discipline; (b) conducting theoretical sampling in a methodologically consistent 

manner, and (c) researcher reflexivity. Arguably, mathematics education as a 

research field began arguably around the same time that Glaser and Strauss 

(1967/1999) formalized classical grounded theory as a research method (Inglis & 

Foster, 2018). According to Inglis and Foster’s (2018) review of mathematics 

education over the last fifty years, there has been a decline in studies using 

experimental designs but not a significant increase in studies identified as 

qualitative methods.   

Their study was limited to articles published in Educational Studies in 

Mathematics (ESM) and Journal for Research in Mathematics Education, and the 

authors acknowledged that not identifying a qualitative methods topic did not imply 

that qualitative studies in mathematics education did not increase but were 

classified under topics that traditionally used qualitative research paradigm. 
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Nonetheless, the challenges to constructivist grounded theory in mathematics 

education are similar to general challenges to qualitative research agendas in the 

education field in general: the most prominent challenge to grounded theory studies 

is verification of grounded theory studies. Charmaz (2014) argues that the focus on 

verification is misplaced since grounded theory is focused on theorizing and all 

concepts elucidated are interpretations and tentative. Thus, a generalized 

application of the substantive theory is not appropriate nor advised. Contextual 

factors and the researcher’s perspective have implications, and therefore should be 

taken into consideration.  

The problem of researcher reflexivity is a natural consequence of qualitative 

research and the underlying framework of constructivist grounded theory. 

According to Charmaz (2014),  

we construct research processes and products, but these constructions occur 

under pre-existing structural conditions, arise in emergent situations, and 

are influenced by the researcher’s perspectives, privileges, positions, 

interactions, and geographical locations. Similarly, standpoints and starting 

points matter, and likely shift during inquiry. All these conditions inhere in 

the research situation but in many studies remain unrecognized, 

unmentioned, or ignored. (p. 240)  
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The researcher’s and students’ views and actions are a part of the interpretation and 

the researcher must take a position of reflexivity relative to the substantive theory 

and the process of theorizing (Charmaz, 2014). 
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Chapter 4  

Results 

Introduction 

The overarching question of the research was: How does the MESH tool 

stimulate reflexive discussions about the role of mathematics in society? The 

question was further divided into three sub-questions for each of MESH activities 

and a fourth question was added to assess students’ understanding of the role of 

mathematics before and after the project using the MESH tool. 

This chapter starts with an overview of participants’ results during each of 

the MESH activities followed by a detailed explanation of the concept of 

stimulating reflexive discussions grounded in the data. Next, the chapter addresses 

each of the three research questions associated with each of the three components 

of MESH activities. Each activity was coded and given an overall category, which 

was further developed into an analytical concept, so the overall concept for each of 

MESH activities will be discussed with supporting data. The discussion will 

highlight the goals of each activity, provide detailed properties of each concept, and 

explain how each concept is related to stimulating reflexive discussions. Research 

question four about students understanding of the role of mathematics before and 

after the MESH activity will also be addressed. Finally, this chapter ends by 

identifying an explanatory theory or unifying process for stimulating reflexive 



 

122 
 

discussions connecting all concepts and its relationship to students understanding 

of the role of mathematics in society.  

Using the constructivist grounded theory methods outlined in Chapter 3, 

students’ actions while using the MESH tool were first interpreted as success and 

tension management strategies. These strategies were further analyzed for their 

reflection stimulating effects. The process of stimulating reflexive discussions is 

conceptualized as four interrelated social processes: personalizing mathematics, 

challenging mathematics, negotiating mathematics, and voicing mathematics. 

Students’ understanding of the role of mathematics before and after using the 

MESH tool was conceptualized as mathematizing experiences and establishing 

relevancy.  

Grounded Theory Condition – Homogeneity  

According to Creswell (2013), when conducting grounded theory studies, 

accessing and building rapport with a homogeneous sample may be problematic. 

While it is not methodologically consistent to assess the homogeneity of the sample 

in the quantitative sense when conducting constructivist grounded theory, it was 

informative to check for homogeneity of reported experiences with mathematics by 

comparing participant’s responses on the pre- and post-surveys. The purpose of the 

pre- and post-surveys were to ascertain participants’ understanding of the role of 

mathematics in society before and after engaging in the modeling project. Both 

surveys revealed that within groups and class, participants consistently related 
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examples of the use of mathematics in four predominant contexts: personal, 

educational, professional, and socio-cultural (Appendix A).   

Contextual Factors 

Under what conditions does the process of stimulating reflexive discussions 

take place? In grounded theory, context refers to the conditions that give rise to 

what students are doing, why they are doing what they are doing, and the 

consequences of those actions (Charmaz, 2014; Corbin & Strauss, 2015; Hadley, 

2017). The first contextual factor is the backdrop of a mostly traditional college 

algebra classroom. Traditional in this research means local, institutional, and 

instructor-specific conditions, although broader generalizations can be made. The 

traditional classroom is characterized by the following: (a) mathematics knowledge 

is taught through lecturing (teacher-centered classroom), (b) students are required 

to practice the transmitted concepts outside of class (do homework) using a 

textbook exercises or a computer software, (c) mastery of concepts is assessed 

through individualized class or college-wide written multiple choice assessments, 

(d) success is depends upon earning a passing mark (70 percent or above) in the 

course, (e) mathematical modeling is not a learning objective nor is it used to teach 

content. Although the courses in this research were delivered in a blended format, 

video lectures and online assessments were similar in content to face-to-face 

lectures and assessments. 
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The modeling project using the MESH tool was uncharacteristic in a 

traditional college algebra course. Consequently, achieving the goals of the MESH 

tools brought about unique tensions. Students simply wanted to earn the best grade 

possible on the assignments associated with the MESH tool to enhance their 

chances of succeeding in the course. Thus, students’ actions and interactions while 

using the MESH tool are interpreted as success and tension management strategies. 

These strategies are rooted in students’ experience with and expectations of 

mathematics inside and outside of school.  

Within the larger context of the traditional mathematics classroom, the next 

set of contextual factors are related to the structure of the MESH tool called 

structural conditions. Two important structural conditions were the nature of the 

activity, individual or cooperative and the type of activity: technological activity, 

mathematical activity, reflection activity, or reflection Journal. There were two 

types of reflection journals: unprompted reflection (right after an activity is 

completed in class) and prompted reflection (completed at home after activity).   

The MESH tool was conceptualized with specific goals. The goals 

associated with each activity can be organized into three broad categories: 

reflection on the social issue and the modeling process (1A, 1B, 1C, 1D, 1E); 

reflection on various models (2A, 2B, 2C, 2D); and reflection on the consequences 

of the models and the roles of mathematics (3A, 3B, 3C). Students’ interpretation 

of these goals was simply completing each associated activity successfully. Thus, 
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students’ actions while using the MESH tool is first interpreted as success 

strategies. Redefining what counts as a solution created tensions for some students, 

and it became necessary to redefine success in mathematics class. The instructor 

defined success on each assignment as completing the assignment or activity once 

the project started. Certainly, this redefinition of success had implications for 

students’ motivations and participation, but this was not the focus of the study. For 

the most part, students had a vested interest in completing the assignment in what 

they deemed to be a satisfactory manner.  

Achieving the stated goals of the MESH tool brought about many problems 

for students. Thus, students’ actions while using the MESH tool are also interpreted 

as implicit problems or struggles that were stated by the students or observed and 

interpreted by the researcher. The problems encountered, termed tensions, while 

working towards the goals of the MESH activities were reduced to the following 

categories: practical, conceptual, and reflection. Practical tensions refer to more or 

less physical problems students encountered while interacting with the MESH tool. 

Conceptual tensions refer to understanding concepts associated with mathematics, 

modeling, the social issue, or the MESH tool. Reflection tensions refer to problems 

associated with thinking about the social issue, the use of mathematics with the 

social issue, or completing the reflection tasks of the MESH activity.  

Practical tensions include, but are not limited to, understanding MESH 

instructions, working in groups, running out of time, and grading. A major practical 
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tension was following instructions. Students simply did not follow the instructions 

on some of the activities which was not uncharacteristic, but it exacerbated 

administration of the MESH tool. Another important physical problem had to do 

with the logistics of administering the MESH tool which resulted in a lot of writing, 

running out of time, and physical exhaustion. WG2 struggled with the audio-

recording and functioning as a cooperative group. They had three different 

recordings for the Tech Activity but stopped recording completely during the 

mathematical activity.  

Timing also was also a problem. In all activities, students stated they 

wished they had more time for discussion, but class time was limited to 75 minutes 

and most cooperative activity delimited to 45 minutes. The timing issue was so 

problematic for one student that he wrote in his reflection, “I might miss my bus.” 

At the end of the project during the reflection activity, the conceptual and observed 

physical exhaustion had reached its zenith for one member in WG4.  

Molly: I feel like we’re just repeating the same [expletive]. 
Kaiti: I guess. It[sic] just going a very slow pace because it’s like you’re 
doing activity like one activity to another activity reflect [sic]on that 
activity.  

 Molly: Okay. What would be our indirect positive? 

The excerpt demonstrates a practical tension and this group resolved it by just  

simply moving on to the next question. Practical tensions were usually negotiated 

by clarifying instructions, addressing the specific issue, or by simply progressing. 
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 Conceptual tensions range from understanding words like criteria, values, 

assumptions, democracy, societal development to mathematical concepts. In 

response to the third question on the pre-Survey, what is the role of mathematics in 

promoting citizenship and advancing democracy? Jisoo (MG3) responded by 

saying, “I’m not really sure on the last one.” During the reflection activity, WG4 

did not quite understand the difference between direct and indirect effects of the 

minimum wage. They sought clarification from the instructor after some 

deliberation amongst themselves. The following excerpt from WG4 picks up their 

conversations and how they resolved these tensions.   

Elijah: I don’t understand what’s direct and indirect.  
Kaiti: Direct would be mostly like what are direct benefits or negative 
aspects of it. I guess the next stuff would be like stuff that you can see 
immediately from when you make a model. If the model is good or is bad 
and it does this or that. Indirect would be like well because we’re looking at 
like this it could affect in other ways.  
Elijah: All right. 

Reflection tensions are related to achieving the reflection goals of the MESH 

activity. Problems arose in students’ articulation of their positions in writing or 

within a group. Implicit reflection tensions were observed from students’ written 

work. The most explicit evidence of students’ struggles was with the reflection 

activity in which students had to answer several questions cooperatively. This 

activity brought a lot of confusion for all groups. Students kept asking, “what’s the 

right answer?” They are accustomed to having a right or wrong answer in 

mathematics class. In this activity, there was no right or wrong answer. Answers 
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varied. So, I interpret the confusion, hesitation, struggling, and uncertainty as more 

related to expectations of a mathematics assignment. The instructor attempted to 

alleviate some of their anxiety by telling them there was no wrong or right answer. 

 Managing tensions became paramount for students as they progressed 

towards achieving the goals of the MESH project. Given the contextual factors 

outlined previously, achieving the goals of the MESH tool and the tensions created 

in the process challenged and expanded students’ experience with and expectations 

of mathematics. It is within these conditions that the process of stimulating 

reflexive discussion using the MESH tool should be understood.   

 Research Question 1 

 How does the tool MESH stimulate reflexive discussions about the role of 

mathematics in society during and after the technological activity?   

Overview of technological activity. The first cooperative activity of the 

MESH tool was the technological activity which encompasses all aspects of the 

traditional modeling cycle but is distinguished by its focus on reflection and 

critique of the constructed model and the use of mathematics in society. Students 

had to construct their own minimum wage model individually and reflect on their 

model (1A &1B) before the first day of the modeling project by using a budget of 

basic needs before working on the same activity cooperatively (1C). Appendix D 

provides details of the technological activity. Completing the model of the 
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minimum wage required making certain assumptions, stipulating certain criteria, 

and embedding certain values.    

Monday class. The Monday class met at 9:30 A.M. Twenty students 

(Table 3.2, p. 92) started on day one of the project. Two students did not return to 

class after day one, resulting in 18 students completing the project. One group of 

four students (MG2) was dropped due to an ambiguous consent form. The results 

consist of the four remaining cooperative groups (MG1, MG3, MG4, MG5). There 

was some difficulty finding a large enough classroom to accommodate the 

recording of the groups and there was a lot of background noise in this small 

classroom. As this class was behind on the course schedule and the activities took 

place a little over a month before the end of the term, the instructor taught a brief 

lesson for 15 minutes. The technological activity was delimited to 30 minutes with 

15 minutes left for discussion and a writing prompt.   

 In the Monday class, two-thirds of the students completed some or part of 

the individual assignment before class. Upon entering the classroom, before the 

start of the lecture or the technological activity, students were talking to each other 

about the homework assignment and were eager to find out if they completed the 

assignment correctly. Once the 15-minute lecture was completed, students received 

their group assignments and instructions on using the audio-recording as well as an 

overview of the project and expectations. Students were observed working well 

together. Instructions were clarified for a few students who did not understand what 
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to do. Everyone seemed quite enthusiastic while they worked through the activity; 

the activity generated constant dialogue. Some groups ran out of time before 

completing the activity.   

Table A.1 (p. 260) in Appendix A reports the recorded minimum wage for 

each student from the Monday and Wednesday class, along with the student’s 

initial position on raising the minimum wage to $15 per hour. A majority of the 

students who completed the assignment were in favor of raising the minimum wage 

in general. Some indicated it should be raised slightly while others said to $15. 

Only one student suggested raising the minimum wage above $15 per hour to $16.  

The students and instructor all gasped in response to MG3, who reported a reported 

minimum wage of $31.95.   

This group considered vacations twice per year a basic need, but a review of 

their work shows mathematical error in calculating the minimum wage. 

Assumptions about family composition and criteria for working hours were mixed, 

with all groups agreeing that the current minimum wage was not adequate even 

with modest assumptions. During class discussions, the instructor highlighted the 

fact that five groups arrived at five different solutions for the same problem and 

pointed out how differences in assumptions, criteria, and values lead to varying 

mathematical solutions to the same social issue.   

  Wednesday class. The Wednesday class met at 12:30 P.M. There were 11 

students divided into four cooperative groups (Table 3.2, p. 92). The Wednesday 
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class was the smaller of the two classes and worked in a classroom with tables 

which facilitated group work and audio-recording. The Wednesday class was on 

schedule with the course content and used the entire 75 minutes for the project; 

however, the audio-recorded portion was delimited to 30 minutes to keep the 

cooperative group work consistent with the Monday class. There was no attrition in 

the Wednesday class.  

 Eighty-one percent of the Wednesday class completed the individual 

activity before class. Like the Monday class, students were very talkative about the 

assignment when they entered the classroom. It was easier administratively to 

organize this class into groups, and the instructor read from a script used in the 

Monday class. Once the recording began, the dialogue was engaging and constant.  

The students who did not complete the activity before class were in the same group 

and all worked well together to finish the task. Seven students supported an 

increase in the current minimum wage, but two students did not want an increase to 

$15. Three of the four group’s minimum wage results were close to $15, while one 

group had a minimum wage of $8.20. The discussion after the activity again 

highlighted the consequences of different assumptions, criteria, and values leading 

to different solutions for the same problem.  

Defining basic needs for survival. Inherent in the technological activity 

were assumptions that students had to make both individually and cooperatively. 

One of those assumptions was defining what constitutes basic needs for survival.   
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All groups from both classes included rent or mortgage, utilities (electricity, water, 

gas), and food as necessary. Some groups included transportation expense (car 

payment/lease, insurance, gas), health insurance, cellular phones, daycare expense, 

and savings. During class discussions after the activity, students argued about 

whether cellular phones and cable/internet were necessary for survival; there was 

little controversy about health insurance or savings.  

Another important aspect of the technological activity was the assumptions, 

criteria, and values used in model construction. These concepts were not explained 

before the technological activity, so students had to make assumptions about their 

definitions. Table A.1 (p. 260) ad Table A.2 (p. 261) in Appendix A summarizes 

the reported assumptions criteria and values for the groups from both classes. Some 

groups reported values while others did not. In comparison to individual reports, 

most students reported the mathematical value of some of their assumptions or 

criteria indicating student’s connecting the traditional notion of values with 

mathematics value. 

The concept of personalizing mathematics. Applying the CGT 

methodology outlined in Chapter 3, a number of emergent codes relating to 

students’ actions during the technological activity and the presence of reflexive 

discussions were conceptualized as personalizing mathematics. Personalizing 

mathematics can be described as referencing personal experiences and/or applying 

personal strategies to successfully construct a realistic mathematical model of a 
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social issue. It also involves creating new personal experiences as students 

cooperate in groups. Personalizing mathematics created opportunities for reflexive 

discussions during and after the technological activity.  

 Most of the initial codes from the cooperative group activities could 

be grouped into 11 focused codes which were later reduced to the following 

six: struggling with the activity, learning from peers, referencing personal 

experience, doing the math, exploring various viewpoints, and reflecting on 

the social issue. These six focused codes led to five more analytic 

categories. Table 4.1 (p. 134) provides a sample of the initial codes, focused 

codes, and categories that led to the concept of personalizing mathematics. 

Group identifiers are also provided indicating the frequency of the code.  

Codes using the words experience, struggle, and reflecting were 

predominant in all groups. On the contrary, learning from peers showed up 

explicitly in only two groups, but it was a poignant interpretation of 

students’ experience during the technological activity. This code earned its 

way into the overall analysis after examining students unprompted 

reflections after the technological activity. The categories represent the 

properties of personalizing mathematics. 
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Table 4.1 

 Sample of Codes Leading to the Concept of Personalizing Mathematics 

Category Focused 
Codes  

Initial Codes 

Referencing 
personal 
experience 

Referencing 
personal 
experiences 
 
All Groups 

Making it realistic 
Exploring / Experiencing 
the real world 
Getting a realistic picture 
Referencing personal 
experiences 

Using 
personal 
Strategies 

Doing the 
Math 
All Groups 

Calculating 
Doing the math 
Not following instructions 
Starting with a minimum 
wage 
Researching 
Mathematizing 

Creating new 
experiences 

Learning 
from peers 
MG3 MG4 

Exploring various 
viewpoints 
Learning from peers 
Forming a personal view 
Providing alternative 
explanation 

Negotiating 
tensions 

Struggling 
with the 
activity 
 
All Groups 

Struggling  
Struggling productively 
Bullying  
Clarifying Instructions 
Struggling with modeling 
Negotiating tensions 

Voicing  
(Cooperative) 

Reflecting 
on the social 
issue 
 
All Groups 

Negotiating criteria, 
assumptions, and values 
Debating the social issue 
Reflecting on minimum 
wage 
Digging deeper  
Reflecting on the 
consequences of criteria 
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 The first property of personalizing mathematics involves referencing past 

personal experiences. The goals of the technological activity asked students to find 

a model of the minimum wage individually and cooperatively by using a budget of 

basic needs. Since students were not provided with a definition of basic needs or a 

sample budget, they needed to make assumptions about their meaning. Thus, 

budgeting and the notion of basic needs presented conceptual challenges for the 

students. One way in which students resolved this tension was to access personal 

experience to define basic needs. Students’ experience with the minimum wage and 

budgeting ranged from little or no experience to extensive experience. During the 

discussion by MG4, each student took turns sharing their individual budgets with 

the group. The excerpt picks up the discussion when Marley shared how she 

arrived at her individual budget. 

Marley: Okay. So, for me single mother 1 child [sic]working at McDonalds 
and her position was the cook, I guess. A 1-bedroom apartment would cost 
her $825 per month. She took out an $8,000 car loan, but she only pays 
$289 a month and car insurance [sic] $140 a month. Utilities, the city 
provides gas and oil, and they charge $50 per month for that service. 
Electricity was $90, telephone roughly $80. Water and sewer from the city 
were [sic] hundred per month and for miscellaneous stuff like gas, clothing, 
groceries, and child care range from a hundred to 160 and she saves $60 per 
month. And total for the month that’s $2,074. And based on the budget… 
$15 an hour could work for my person and 40 hours per week because, you 
know, that’s full-time.   
Abigail: Yeah. So, we can talk about them. Okay, yours, yours [sic] 
sounded pretty real. 
Marley: Yeah. I used kind of some of my mom’s figures like when we used 
to live in 1- bedroom apartment it was 825, and that was close. 
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Marley’s use of personal experience to inform her budget of basic needs provided 

realistic figures in comparison to the other individual models presented in this 

group. During the technological activity referencing personal experience was a 

typical strategy for many students. Students either discussed their individual 

models first or began working on the group model and incorporated personal 

experience as needed. In either scenario, students consistently referenced personal 

experience to determine model assumptions and criteria. These personal references 

stimulated reflexive discussions. 

It is clear that Marley thought about the implications of a $15 minimum 

wage model before the group discussion. She shares her reflections with the group 

after all students in MG4 had a chance to present their individual models initiating 

a reflexive discussion.   

Marley: $15 can work kind of depends on who you are…  
Abigail: How much for rent? 
Marley: Because if 2 people are making $15 an hour, it’s enough to live. 
[Pausing] But I always wonder like you know how people get certificates 
and make $15 an hour? So, if we raise minimum wage like, what about 
even [sic] they get certificates they have to earn more than $15 an hour. 
Abigail: Exactly. Like for my answer for 1A [referring to her individual 
reflection before the class activity]. 
Marley: Let’s say if you get a certificate, you’re going to like position, not 
position…pharmacy techs…they make roughly $15 an hour. So, let’s say if 
we [sic], that we work in McDonalds and make $15 an hour. The pharmacy 
techs have to make more; they have to allow the pharmacy tech to make 
more.  So, I don’t think they would think about this one, think about raising 
the minimum wage.  
Abigail: Yeah, that’s what I put for the 1B, the reflection. If they raise the 
minimum wage, then it’s just going to bring inflation. 
Marley: I’ll put that. 
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Abigail: Because if they raise the minimum, then they have to raise the 
prices for everything else because it cost the workers. And then on top of 
that the minimum [wage] at first it was for the government so that they 
don’t overwork the employees and pay them crumbs. So, it was only to 
protect their rights not just sustain a family of 3 children…if you want to 
sustain a family then you move up and become a manager, you get a better 
job, something else. You can’t sustain a family at minimum wage, that can 
never happen. 
Marley: It’s going to cause inflation… 
Abigail: But like maybe they should raise it to like $9 but not to $15, it’s 
going to cause inflation again. 
Marley: Yeah. Of course, they should raise it but not to that. 

Abigail and Marley are comparing the current minimum wage with the $15 

minimum wage and reflecting on the consequences of the different models. 

Referencing personal experiences to define assumptions and establish criteria for 

model construction helped students to resolve the conceptual challenges of the 

technological activity. Additionally, being able to inform the modeling process 

with personally accessible information created personal awareness, relevance, and 

personal expertise and produced reflexive discussions. 

 The second property of personalizing mathematics is creating a personal 

experience. The technological activity engaged students in building a model of the 

minimum wage, but that was a real problem for the students. Not all students had 

personally accessible experience with the minimum wage or budgeting. Unlike 

Marley, Jisoo (MG3) had no experience with budgeting or the social issue. Jisoo 

had an A average in the course before the start of the MESH project and rarely 

missed a homework assignment. Faced with the challenge of budgeting, her 
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personal strategy was to omit the individual tech activity. She explained in class 

that she did not understand what to do and wrote the following after the group 

activity: 

It [cooperative technological activity] showed me how expensive it is to live 

and how different situations affect how you live. Budgeting was difficult 

because I’ve never had to do anything like it; I had no clue how much 

things costs. 

Jisoo’s individual struggles with the model building were rooted in her lack of 

personal experience with the problem context, but the cooperative group became a 

place where Jisoo could learn about the minimum wage and budgeting from her 

peers who had first-hand experience; there she could also reflect on how different 

criteria and assumptions lead to different minimum wage models. Personal 

experiences were not limited to what students brought to the group activity. Each 

cooperative group became a personal learning space where new personal 

experiences were created, and reflexive discussions were present.   

 The third property of personalizing mathematics is to use personal strategies 

for doing mathematics and was coded as doing the math. The process of going from 

the real model to a mathematical model is known as mathematizing in the 

traditional modeling cycle. Doing the math refers to the group’s approach to 

mathematizing (constructing the minimum wage model) as well as individual 

strategies for calculating. Students were instructed to start with a monthly budget of 
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basic needs; set monthly expenses equal to income; and use the appropriate 

monthly hours available for work to calculate the required minimum wage. Despite 

the general instructions, cooperative groups engaged in various strategies for 

completing the modeling task. The strategy used by MG1 was to assume their 

family worked a $12 per hour job, 40 hours per week, then proceeded to create 

their budgets. When this group adopted a different strategy than suggested for 

mathematizing, conceptual problems ensued. The group recommended a final 

minimum wage model of $16 per hour which is insufficient to meet their calculated 

budget (they needed $17.43 per hour). Faced with a budget deficit, Petagaye begins 

to question the model assumptions, criteria, and consequences. The reflexive 

discussions are italicized. The excerpt picks up the conversation when they 

finalized their budget.   

Petagaye: So, she doesn’t [sic] save? No savings?  
Jerome: No.  
Petagaye: Over?  
Billy: No, she can't because she has 2,700.  
Jerome: [Expletive], we’re in a 100 something dollar deficit.  
Billy: $170.  
Petagaye: She’s negative?  
Petagaye: She’s negative 100…suppose she never gets child support? How 
will she manage? How much do you think the right minimum wage will be 
for her?  
Sashkia: Let her make $12 an hour.  
Petagaye: Yeah. 
Jerome: Yeah.  
Petagaye: How much do you think…the right minimum wage would be for 
her because suppose she wasn’t getting child support? 
Sashkia: $15 an hour!  
Billy: Yeah, $15 20. 
Petagaye: So, times $15.  
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Sashkia: She’s credentialed so she can get up to $24 an hour.  
 Petagaye: So, she would've made $2,400 a month. [end of recording] 

In this case, doing the math stimulated reflexive discussions at points of impasse, 

which is consistent with Barbosa (2006).  

 Doing the math or using personal strategies was not limited to how groups 

or students approached the modeling problem but also included personal ways of 

doing mathematics. This is best illustrated by MG3, a group of three females (Jill, 

Jisoo, and Iconic) who worked well together. In the excerpt that follows, after 

identifying their basic needs budget, they proceeded to calculate some figures or do 

the math. The conversation picks up with their calculations. Doing the math 

continues.   

Jisoo: 31-75. She has to make that much a month?  
Jill: Which way on both? If the daughter is going to help her, then 
they both have to make that much. Okay, the mom works 40 hours a 
week.  
Iconic: Unless she got to work like 30 because she's at school.  
Jill: Oh yeah, she goes to school. 30 hours a week, so 30 times four, 
that’s 120. Sorry I suck at math.  
Jisoo: It’s fine. 
 

This group quickly recognizes the implications of using different criteria for 

their models which is considered a reflexive discussion. Additionally, in 

this excerpt, doing the math reveals Jill’s personal attitude towards 

mathematics. Jill acknowledges her struggle with mathematics and receives 

acceptance and consolation from her peers and carries on calculating in a 

manner inconsistent with traditional classroom mathematics. 
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Jill: Okay, 31-75 divided by 120. To make that much you need to 
make $26 an hour. Twenty-six fifty. If the daughter is going to help 
her out. It’s [the math] harder with two incomes. 

Notice how Jill does math by rounding all her numbers from the calculator 

to nice digits (this is unnecessary since she’s using a calculator). 

 The way Jill does math is very personal in the sense that she has her 

own way of handling her struggles with calculations. As the conversation 

continues, notice that Jisoo does her calculations differently. 

Jisoo: Are we going to make the daughter help the mom? 
Jill: We need to because she's not going to make $26 an hour with 
her job.  
Iconic: Yeah, I would say the daughter help the mom like at least 
give her 50% out of her paycheck.  
Jill: Okay, we have to figure out how much the mom makes at 30 
hours a week and how much the daughter makes, say 20 hours a 
week.  
Iconic: Okay. 
Jisoo: For the daughter, if she was going to work, she's going to get 
like eight dollars an hour and how often would she go to work?  
Jill: Let say 20 hours a week.  
Iconic: The daughter works 20 hours a week?  
Jill: Yeah. 
Jisoo: Then when you do like the monthly expense, you just say 
that there are about four weeks in a month?  
Jill: Four weeks. 
Iconic: Then she make about this much amount if I got that right. 
Jill: Okay. $640 a month.  
Jisoo: $8 an hour. 
Jill: Okay. She only contributes. 
Jisoo: Half of that would be like 320.  
Jill: Let say she contributes $300 a month.  
Jisoo: Okay. 
Iconic: The daughter? 
Jill: Mm-hmm [Affirmative]. 
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Doing the math does not result in an exact answer and stimulates reflexive 

discussions about the consequences of their minimum wage model of $24 

per hour. The conversation continues, and the reflexive discussion is 

italicized.  

Jisoo: Okay. 
Jill: Okay, so she contributes 300 a month. 
Instructor: Okay guys, let's start to wrap up your final numbers. 
Jill: That would be 31-75 minus 300 so that’s 2,875. I don't know 
how much money. The mom has to make $24 an hour.  
Jisoo: Okay. But would she be able to make that on her job?  
Iconic: Yeah. 
Jill: Not really. Never. You're going to max out of it. I mean, unless 
she's with some huge company… like in [city]…like something, I 
don't know, some amazing company but just your regular old 
administrative assistant job it’s going to be…harder to make that, 
but that’s what our numbers come to. 
Jisoo: Mom makes $23 and 95 cents an hour, okay. 
Jill: And that’s taking out the 300 a month that the daughter gives 
her because they need 31-75 to survive. So, if I take 300 out of 
that…then this number…the daughter has to contribute…the mom 
has to make this number… I can’t explain the math.  
Iconic: No, you're actually explaining it well. You're making it like 
really realistic which is good. 
Jill: Well this was based really loosely off of what we, off what my 
family is…so I was like it’s the only way I knew how to do it. So, I 
was like, I budget myself, so it’s the only way I know how to 
budget.  

 Iconic: Right. 
 Jill: It’s close numbers. Nothing exact but it’s close to what a normal family 

would, this is a family of four, but still with that $4,000, you know what I 
mean? 
Iconic: Right 
 

Jill and Jisoo’s personal strategy resulted in the presence of reflexive discussions as 

they discuss model criteria and the consequence of those criteria on their model. 

Jill’s statement, “It’s close enough” suggesting although mathematically imprecise, 
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her way of doing the math works for her and in this instance works for the group. 

Doing the math not only stimulates reflexive discussions but is often a pragmatic 

strategy for success and takes into account student background experience with 

mathematics in everyday life. 

Contingencies. There were exceptions and contingencies to the concept of 

personalizing mathematics. First, the relationship between personalizing 

mathematics and stimulating reflexive discussions is not a straightforward process 

as demonstrated by the aforementioned excerpts. Students do not think in straight 

lines. However, the legitimacy of their personal experiences and strategies while 

modeling cultivated an environment where reflexive discussions could take place. 

Secondly, the extent to which personal experiences became part of model-

building and led to questioning criteria, assumptions, and consequences depend on 

the group dynamics and student learning styles and would require further 

exploration. All groups from the Monday class were very engaged and interested in 

the modeling activity. The Wednesday class as a whole was less enthusiastic with 

WG3 showing the most interest in the minimum wage discussion. The constitution 

of the groups, their ability to work together were all factors that enhanced or 

hindered the presence of reflexive discussions. Finally, student interest, life 

experiences or privilege became intervening conditions that altered personalizing 

experiences. There were some students who considered it unfathomable that 
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families worked and survived on minimum wage while other students had 

experience earning minimum wage. 

 The concept of personalizing mathematics captures the extent to which 

student background informs how they interpret the real-world problem, how 

students engage in and interpret the mathematical modeling experience, and 

whether these actions encourage reflexive discussions. The technological activity 

broke down the barriers of the traditional mathematics classroom by creating a 

learning environment that was conducive to accessing and referencing personal 

experience; acceptable use of personal strategies as opposed to following exact 

mathematics procedures; and inclusion of various student-constructed models with 

varying solutions to the same problem instead of one right answer. 

 When students imbue the modeling process with these relevant personal 

experiences and use person strategies for doing mathematics, they create a shared 

personal experience which is both rewarding and risky. This is predicated on 

choosing a modeling task that is personally accessible to students individually or 

cooperative. Under these conditions, students gain a realistic view of mathematics 

in the real world as they make connections to their lives, become interested and 

invested in the modeling process which excites constant, spontaneous, and 

engaging discussions about the role of mathematics in society. Creating new 

personal experiences also stimulates reflections as students with limited or no 

personal experience can hypothesize with peers. 
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Research Question 2 

How does the tool MESH stimulate reflexive discussions about the role of 

mathematics in society during and after the mathematical activity? 

Overview of mathematical activity. The mathematical activity gave 

students an opportunity to examine the state’s minimum wage trend since inception 

and make predictions as well as compare several models of the minimum wage. 

The source of these models were the group models from the technological activity 

and other outside sources. Table 4.2 summarizes the results of the cooperative 

portion of the mathematical activity. 

  

Table 4.2 
 

Summary of Group Results from the Mathematical Activity 

Group CMW Best Model  PMW Y215 
MG1 16 Linear 8.195 DNR 
MG3 30.95 Exponential 8.41 30 
MG4 6.87 Linear 8.195 45 
MG5 9.07 Exponential 8.41 30 
WG1 15.00 Linear 8.41 44.7 
WG2 Ricky 15.00 Exponential 8.25 35 

Bankrolls Linear 8.20 35 
Skai Linear 8.20 44.7 

WG3 8.20 Linear 8.195 44.6 
WG4 15.34 Linear 8.195 44.72 

Note. CMW=Calculated minimum wage ($/Hr.); PMW=Predicted minimum wage in 2015 ($/Hr.); 
Y215 = Years until the minimum wage reaches $15 using the best model; DNR = Did not report 
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Students were assigned minimum wage data from 2005 to 2015 for the state and 

asked to plot the data, determine the function that best fit the data, use the best fit 

function to predict the minimum wage in 2015, and determine how long it will take 

for the minimum wage to reach $15 per hour. This activity involved topics from the 

course content and students completed the activity rather quickly. 

Surprisingly, on the audio-recordings many students did not comment on 

the length of time it took to reach $15 nor did they comment on how the various 

methods of determining the minimum wage resulted in different solutions to the 

same problem. Unlike the technological activity in which students engaged in 

constant dialogue about the social issue, there was half as much dialogue in the 

mathematical activity. This is due in part to the nature of the activity as a series of 

familiar traditional mathematics questions. Most groups proceeded by working 

from question to question. WG2 broke down and was not successful in working 

together on the answers to this activity as evidenced by their reported results. 

Reflexive discussions were few in with this activity. These observations were 

similar to the results of the pilot.  

 The second part of the mathematical activity was an instructor-led 

discussion. Upon completion of the cooperative group activity, an instructor-led 

discussion followed. Information on the history of the minimum wage in [the state] 

was presented including viewing the original ballot in 2004. Students were also 

introduced to the concept of the living wage used in the county which was paid to 
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county contractors at the time of the minimum wage vote. Finally, students were 

introduced to the MIT living wage calculator and comparisons were made with the 

student-constructed models. During the technological activity, many students 

believed the minimum wage was not meant to be a living wage. They were stunned 

at the language in the original ballot which indicated that the Florida minimum was 

intended to be a living wage. Further, many students expressed what was 

interpreted as outrage that the living wage was being utilized in the county, yet the 

minimum wage was established below the county’s living wage. 

The concept of challenging mathematics. Through the CGT methodology 

outlined in Chapter 3, a number of emergent codes relating to students’ actions and 

the presence of reflexive discussions during the mathematical activity were 

conceptualized as challenging mathematics. Challenging mathematics can be 

described as testing students’ experiences with and expectations of mathematics 

against social reality and making reassessments. Challenging mathematics arises 

out of a need to interpret and validate the models constructed during the 

technological activity. Since this process uses familiar mathematics in a foreign 

context, students experience conceptual and reflection difficulties with 

interpretation and validation.  

 The goals of the mathematical activity were to compare various 

mathematical models with the real minimum wage, make predictions, and examine 

the minimum wage trend in depth (mathematically, politically, and socially). 
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Unlike the other activities, the mathematical activity was more consistent with a 

traditional mathematics assignment including graphing, manipulating equations, 

and making predictions. The activity also included an instructor-led discussion 

where novel information about the minimum wage was presented. However, 

achieving the goals of cooperative mathematical activity brought about tensions for 

the students that tested their experience with and expectations of mathematics.   

The audio recording of the cooperative mathematical activity was marked 

by two sentiments, struggle, and silence. Most of the initial codes related to these 

two characteristics. Focused coding resulted in the following codes: running out of 

time, struggling with mathematics, clarifying instructions, and reflecting on the 

social issue, working together (or not working together). To further understand the 

cooperative mathematical activity, I proceeded to code the unprompted reflection 

(2B) right after the class activity. 

Students found the activity eye-opening, an in-vivo code. The code eye-

opening or any similar words were not used by any groups during the cooperative 

mathematical activity. This observation led me to code the instructor-led portion of 

the mathematics discussion which resulted in two additional focused codes, 

providing new information and learning new information. So, while the cooperative 

mathematical activity was problematic for the students, the instructor-led 

discussion gave them a new perspective on the social issue and the more recent and 

positive sentiments were communicated in their responses. Memo-ing, constant 
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comparative analysis, and diagramming was helpful in interpreting students’ 

actions during the mathematical activity and identifying the following four 

categories: going through the motions, hitting bumps in the road, unveiling 

mathematics, and eye-opening. These actions form the stages of the process of 

challenging mathematics.  

Table 4.3 provides a sample of the initial codes and overall codes of the 

activities that contributed to generating the overall concept of challenging 

mathematics. 

 

Table 4.3  

Overall Codes and Sample of Initial Codes from the Mathematical Activities 

Group Activity 
(2AB) 
 
Going through the motion, 
Hitting Bumps in the Road 

Instructor-led 
Discussion After 
Activity (2AB) 
 
Unveiling mathematics  

Unprompted Reflection 
(2C) 
 
 
Eye-opening 

Rushing  
Require explanation 
Working slowly 
Being silent 
Lacking confidence 
Making comparisons 
Working 
Systematically 
Doing the Math  
Using intuition 
Running out of time 
Remaining quiet 
Feeling confused 
Expressing uncertainty 

Prompting Discussion  
Seeking an answer 
Repeating response 
Reporting contradiction 
Probing answers 
Explaining graphs 
Explaining predictions 
Posing questions 
Prompting comparison 
Introducing new 
information 
Presenting a counter 
example 
Steering 
 

Voicing 
Stating position 
Being shocked 
Having positive feelings 
Reacting to new 
information 
Expressing feelings 
Connecting math and 
social issue 
Struggling with math 
Eye-opening 
Learning new 
information 
Gaining understanding 
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The codes going through the motions and hitting bumps in the road were 

used to summarize students’ actions during the cooperative portion of the 

mathematical activity (2AB) and represents the first two stages in challenging 

mathematics. Going through the motions means completing familiar mathematics 

task in familiar ways. The familiarity of the mathematical activity was met with a 

systematic approach to each question. Students worked independently, solved 

equations, and completed a lot calculating. These actions are consistent with their 

experience in a traditional mathematics class and were interpreted as going through 

the motions.   

 At the beginning of the activity, the familiarity (graphing, identifying 

equations, and solving equations) was a welcomed relief. However, while going 

through the motions, students needed to interpret the results of their graphing, 

calculations, and modeling and many of them ran into problems. Interpreting 

mathematical results in a real-world context was unfamiliar and foreign to the 

students. The various struggles encountered by students as they attempted to 

complete the mathematical activity were interpreted as hitting bumps in the road. 

Recall that students are assumed to have little or no modeling competencies and the 

modeling activity is an “add-on” to the traditional course. Those students who were 

struggling with the algebra course before the project encountered the most 

difficulties during the activity. 
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 The excerpt from WG1 illuminates the code hitting bumps in the road. The 

discussion picks up WG1 as they attempt to use their results to predict when the 

minimum wage will reach $15 per hour.  

Curlyfry: Group minimum, that was us, it’s $15. Predict the minimum wage.  
Did you get the answer or no? 
Lloyd: Alright, what? For all this?   
Curlyfry: Okay. Negative, it can’t be a negative number though.   
Lloyd: No. Wait, what am I doing? 
Curlyfry: 51, that’s going to be a minimum wage. I got 51.99. Oh my gosh, I 
was using the quadratic formula, but it gave what t was. I did it wrong, okay.  
Let t be 10 to do that. 
Lloyd: Yeah. 
Curlyfry: Okay. I can do that. 
Lloyd: The exponential growth. 
Curlyfry: $7.6, you didn’t get that? 
Lloyd: Okay, you're doing the linear and the quadratic right now. 
Curlyfry: I'm just plugging it into the equation. I guess the quadratic then. 
Lloyd: Yeah, that’s what I did, but that’s not what I got. 
Curlyfry: You didn’t get quadratic. 
Lloyd: No. Shoot, stop. 

The question asked the students to choose the best model (linear, quadratic, or 

exponential) that represented the minimum wage trend. WG1 chose the linear 

model earlier, yet they proceeded to do some calculations with the quadratic and 

exponential functions. When Curlyfry says, “Okay. Negative, it can’t be a negative 

number though,” she hit a bump in the road. Bumps in the road could represent 

problems interpreting modeling results, working with mathematics concepts, or 

working cooperatively. All groups suffered from one or more of these types of 

problems. These problems are inconsistent with their past mathematics experience 

and are not resolved by merely re-calculating figures. The tentativeness and 
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insecurity in their results are palpable in the excerpt and is consistent with the work 

from other groups. 

When students hit a bump in the road, they did more calculating and 

manipulating formulas, they also sought to clarify instructions. Oftentimes, peers 

were able to help clarify the instructions or process; other times, students would ask 

the instructor. This activity was particularly difficult for those students who were 

already struggling with the algebra course because of mathematics conceptual gaps.  

The challenges of the mathematical activity overwhelmed WG2 so much so that 

they did not collaborate on the activity at all, opting to turn off the recording and 

work independently. In this case, hitting a bump in the road derailed the entire 

cooperative process. In her reflection right after the activity, Bankrolls from WG2 

wrote, “I was a little confused with the activity today. Our group worked 

independently which made it more confusing and we have separate predictions.” 

The mathematical activity was characterized by an overwhelming silence 

during cooperative group activity and is interpreted as a consequence of hitting 

bumps in the road. This means the extent of the problems encountered dictated the 

quantity and quality of the dialogue amongst students in groups. The silence during 

the cooperative mathematical activity may be attributed to many things such as the 

structure of the assignment, the nature of the questions, students’ mathematics 

competencies, and the foreign-ness of the activity. Although students were allotted 

30 minutes for the activity, most groups finished in less than 15 minutes. During 
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the technological activity, students were vociferous and did not have enough time 

to finish their discussion, and many spontaneous reflexive discussions were 

present. Although the questions were designed to prompt reflection, students just 

worked from question to question with very little dialogue. 

The third stage in the process of challenging mathematics is unveiling 

mathematics. When peers explain mathematics or modeling concepts to each other, 

they are unveiling mathematics. Similarly, when the instructor provided new 

information, mostly contextual (social, political, economic), they were unveiling 

mathematics. When students encountered problems, they sought clarification from 

a perceived competent other. During the mathematics cooperative activity, students 

looked to their peers to explain difficult mathematics concepts or assist with 

interpretation of the modeling results. Students tended to seek the instructor’s 

assistance for clarification of instructions. Based on the information presented by 

the instructor and students’ response, the instructor-led discussion was interpreted 

as unveiling mathematics. Unveiling mathematics describes how revealing novel 

information about the social issue further tested students experience with and 

expectations of mathematics. What they thought they knew about the social issue 

and the use of mathematics was challenged and needed reassessment based on the 

new information.   

Unlike the technological and reflection activities, the mathematical activity 

required an instructor-led discussion after the mathematical activity. The primary 
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intent of this activity was to present students with alternative views of the minimum 

wage as well as background information on the minimum wage law. This was 

essential since students’ personal views of the minimum wage formed through the 

technological activity were mostly rooted in personal experience and opinions. One 

view held by students was the idea that the minimum wage was not meant to live 

on. The instructor provided information about the original intent of the minimum 

wage legislation contrary to the view held by students.  

The following excerpt provides insights into the instructor and student 

interactions which illustrates how unveiling mathematics occurs between teacher 

and students. 

Instructor: Number four, according to the best model how long will it take 
until the minimum wage reaches $15 an hour? 
Curlyfry: 30 years. 
Instructor: I hear 30 years. 
Homeslice: 44 years. 
Lloyd: That’s for the exponential. 
Instructor: 44.7 years if you use the linear model, right? 
Lloyd: Yeah. 
Kaiti: Based on the requirements for how much wage you need to support a 
family based on minimum wage, we aren’t going to hit that for a long time. 
Instructor: Is there a problem with it? 
Kaiti: It depends on what your minimum wage is because if you view the 
minimum wages like the starting wage for which you start out when you're 
like going to an entry-level job and then look for a higher-level job once 
you get enough experience then yes minimum wage is fine the way it is. But 
if you think the minimum wage you need to be able to support a family 
then, of course, it’s going to be flawed because $8 is not feasible for 
supporting a family in today’s society. 
 

The secondary intent of the instructor-led discussion was to stimulate reflexive 

discussions directly.  
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The instructor’s presentation of novel information and probing did lead to 

responses from students that are considered reflexive discussion, italicized in the 

previous excerpt. Kaiti’s comments reflect on the consequences of various models 

of the minimum wage, but this response was directly triggered by the instructor’s 

probing questions. The discussion continues with the instructor revealing some new 

information. 

Instructor: Okay. Thank you very much for that comment. Now, I'm going 
to bring up something to you to support Kaiti’s point. When they did this 
ballot in ‘04, of course, the majority of the people voted for it. That’s why 
we have the minimum wage but I wanted to point out something to you in 
the actual constitution where this became law it says on the public policy, 
all working [state name] are entitled to be paid a minimum wage that is 
sufficient to provide a decent and healthy life for them and their families 
that protects their employers from unfair low wage competition and that 
does not force to rely on taxpayer-funded public services in order to avoid 
economic hardship.  Does the [state name] minimum wage do that? 
Homeslice: No. 
Instructor: What do you think in your opinion? 
Male Speaker: Consumer blocks have all moved out. 
Instructor: Now, something else I was able to find out in 2004, the living 
wage that [County Name] County used was actually $9.50 and the living 
wage, that is the wage the airport has to pay all employees, contractors and 
everything. They voted for a minimum wage of $6.15, but the living wage 
in [county] was $9.50. 
Tony Shark: You can include employer-paid health insurance on that. 
Instructor: On that $9, exactly, I think it was 10 something with insurance. 
Kaiti: The starting model was already pretty flawed apparently. 
Instructor: I'm just bringing the point up. But we’re out of time. I just 
wanted to show you something else; this was really curious, the people who 
supported it, of course, they raised about $2 million but look at the list of 
people who opposed the minimum wage. that wasn’t even close to the 
living wage, Wild Woods Supermarket, Burger King, CVS, Walgreen; I'm 
just saying. Okay. That’s it for today. Thank you again.  
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The three important pieces of information presented in this discussion were: The 

minimum was intended to be a living wage; a living wage existed in the county at 

the time of the minimum wage vote, and the minimum wage was opposed by major 

corporations. While the last piece of information was unsurprising, students were 

shocked to learn about the intent of the minimum wage. 

The teacher-student characteristic of unveiling mathematics poses potential 

problems. First, since there is an unbalanced power relation between teacher and 

students, teacher values and bias may influence the discussion. What the instructor 

says and how it is said matters. More importantly, students’ interpretation of the 

instructor’s words is critical and may impose undue influence. It is imperative that 

instructors are aware of his or her own biases and the power dynamics in the 

classroom and must aim to reduce their influence in these kinds of interactions. The 

interaction between the teacher and student shows how administrative factors and 

other classroom dynamics impact the nature of these discussions. In this instance, 

running out of time was a contingency in unveiling mathematics.   

The final stage in the process of challenging mathematics is eye-opening 

and represents the consequence of unveiling mathematics. In the unprompted 

reflection (2C), written right after the mathematical activity communicated very 

strong responses to the new information learned during the mathematical activity. 

Thus, as a consequence of instructor-led discussions during the mathematical 
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activity, some students expressed shock and outraged at the actions of the state 

legislature. Abigail (MG4) wrote, 

I thought that minimum wage was there to protect the public from the 
competition in lower wages when really on the ballot it said it was meant to 
sustain a family. If that were the case, the minimum wage should be raised 
in order to have anyone living off that wage. If that was the purpose, the 
state of [state name] is breaking the law when they falsely advertised that 
there is a wage you can live on, when there is an actual living wage that 
states otherwise.   

Lloyd (WG1) echoed similar sentiments and wrote,  

In the models shown of projected minimum wages compared to actual 
minimum wages over the years is concerning. There is a noticeable 
difference in our wages in [state name] and compared to solid math it is just 
sad how we are to learn about math is being manipulated in our lives. 
   

Along with the expression of outrage and disappointment, a majority of the 

students felt their eyes were opened during the activity.  

Students’ unprompted reflections about the mathematical activity were thus 

interpreted as eye-opening, an in-vivo code. Table 4.4 (p. 158) presents a sample of 

students’ responses after the mathematical activity communicating the idea of eye-

opening. Since the mathematical activity shed new light on the social issue and the 

role of mathematics for the students, at the end of the activity, students needed to 

reassess their models and personal views formed during the technological activity. 

But eye-opening suggests at a minimum that students were making reassessments.     
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Table 4.4 
 

Excerpts Supporting the Code Eye-opening 

Monday Class Wednesday Class 

This is an eye-opener for most of us, 
and I am glad we are doing this project 
(Anabelle, MG5). 
 

This activity opens my eyes to the 
economic issues we face by comparing 
current and desired wages (Ricky 
Bobby, WG2) 
 

This activity opened up our eyes and 
especially mine because I thought that 
the minimum wage was there to protect 
the public from the competition in 
lower wages when really on the ballot 
it said it was meant to sustain a family 
(Abigail, MG4) 
 

This was an eye-opening activity 
(Tony Shark, WG3) 
 

The government also stated that the 
minimum wage they set should be 
enough for people to live off and don’t 
depend on tax, $8.05. Well, now I can 
see why most people depend on tax 
and try to find other income elsewhere 
(Sashkia, MG1).   

The activity was interesting to see the 
models of which the pay wage 
increases could be compared to (Kaiti, 
WG4) 

  

 

The cooperative mathematical activity did not produce as many reflexive 

discussions as the technological activity. Most of the discussions presented among 

groups and across classes during the cooperative mathematical activity were 

classified as mathematical discussions (Barbosa, 2006). Some reflexive discussions 

were present in the discussions of groups MG3, MG5, and WG3, but these three 

groups exhibited more interest and enthusiasm in the project than all the other 
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groups in both classes. Students were more focused on resolving the mathematics 

conceptual problems necessary for interpreting mathematical results in a real-world 

scenario. The structure of the mathematical activity could have also contributed to 

the absence of reflexive discussions.   

There were opportunities for reflexive discussions in most groups, but 

students often transitioned instead to mostly mathematical discussions. The 

following excerpt from WG4 provides an example where students could engage in 

reflexive discussions but did not do so. 

Kaiti: The group minimum wage that we came up with was… 
Elijah: It was 15 … 30 something, 34. Predicted minimum wage, 15. 
Kaiti: Compare it to group one minimum wage. I don’t know what group one 
got. According to the best model how much longer until the actual minimum 
wage has reached 15? Then you got to solve for that. It will take at least 44 
years. 
Elijah: Okay, 44 years. 
Kaiti: Yeah. At least 44 years. Round it up to 45 years. All right. Did you get 
the same answer? 
Elijah: I got 45. It comes out to 45 44, yeah, between there. 
Kaiti: This is according to the linear model. 
Elijah: 45 years. 
Molly: What is the formula that you used? 

The italicized text represents opportunities where students could have engaged in 

reflexive discussions by comparing the various models or discussing the length of 

time for the minimum wage to reach $15 and the consequences of these models. 

Molly’s question about the formula moves the focus to mathematical concepts. 

Although the intent of the mathematical questions was to stoke reflexive 

discussions, the results showed otherwise. 
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 The mathematical activity was both foreign and familiar to students. 

Students’ actions during the mathematics activities were described in stages as 

going through the motions, hitting bumps in the road, unveiling mathematics, and 

eye-opening. These actions are conceptualized as a process of challenging 

mathematics which is defined as the testing of students’ experience with and 

expectations of mathematics and the social issue and making reassessments. The 

familiarity of the mathematical activity starts the process and students proceed by 

just going through the motions. Going through the motions meant doing a lot of 

calculating while working through the activity systematically and independently.  

While going through the motions, students encountered problems or hit 

bumps in the road. Hitting bumps in the road while going through the motions did 

stimulate some reflexive discussions in some groups; other groups were stumped to 

the point of a complete breakdown. While students’ experience with formulas, 

graphs, and functions prepared them for the activity, the results were not neat and 

tidy like usual class problems testing their expectations of mathematics. The 

introduction of novel information about the minimum wage or the unveiling of 

mathematics during the instructor-led discussion further tested students’ 

expectations of mathematics and presented alternative perspectives about the social 

issue and the use of mathematics in society. The mathematical activity was eye-

opening and challenged students to make reassessments of their models and 

personal views on the minimum wage.  



 

161 
 

The concept of challenging mathematics represents contingencies in the 

process of stimulating reflexive discussions during mathematical modeling. In this 

study, the more mathematics involved in the activity, fewer reflexive discussions 

were generated. At the same time, when students were prompted by the instructor, 

students were more inclined to contemplate model criteria and consequences. 

However, factors like working in cooperative groups, students’ mathematics 

competencies, administrative constraints and the role of the instructor played a role 

in the presence of reflexive discussions.   

Research Question 3 

How does the tool MESH stimulate reflexive discussions about the role of 

mathematics in society during the reflection activity?   

Overview of reflection activity. This reflection activity is the final activity 

of the MESH tool (Appendix D). Structurally, it is not mathematical (formulas & 

procedures) in nature, and the most conceptually challenging activity as students 

are required to directly reflect on the social issue and role of mathematics in 

society. Since the instructor taught a lesson before this activity in both classes, 

students could not complete the activity in class. Students worked on the activity in 

groups for 30 minutes and completed any unfinished questions outside of class. 

Students were encouraged to communicate with their group outside of class. Table 

A.5 (p. 265) provides a summary of student responses to question one along with 

group identifiers.  
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The concept of negotiating mathematics. Through the CGT methodology 

outlined in Chapter 3, a number of emergent codes relating to students’ actions 

during the reflection activity and the presence of reflexive discussions were 

conceptualized negotiating mathematics. Negotiating mathematics is defined as the 

constant balancing of experiences with and expectations of mathematics during 

mathematical modeling activities and includes sub-processes conceptualized as 

scratching the surface, reflecting on a concrete level; bashing it out, progressing 

through productive struggle; and getting deep, thinking deeply about mathematics.  

During all activities of the MESH and especially during the reflection 

activity students constantly balanced tensions between their evolving experiences 

with and expectations of mathematics to help them progress towards the activity 

goals. When students’ expectations and experiences with mathematics are 

challenged as demonstrated during the mathematical activity, they are left hanging 

in the balance. What they thought they knew about mathematics, the minimum 

wage, and the role of mathematics and in establishing the minimum wage has been 

upended. Kennedy (MG5) summarizes this idea best in his reflection right after the 

mathematical activity. 

In this activity, we learned that even though sometimes we neglected some 
math subject and say that we don’t really need some in life, we learned that 
is not true, math has a big importance in our life. As we can see in the 
minimum wage, we had to do the math to know that the minimum wage is 
really based on a lot of numbers and we have to understand it, so we can 
know where it comes from. And how they come up with the minimum wage 
so low compared to what we need to live because when working we are 
making less money than how much we need to satisfy all our needs.  
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Kennedy, like other students, needed to reassess their perspective on mathematics 

as well as the minimum wage. During the reflection activities, students were 

reconciling their personal views with their new knowledge and experience with 

mathematics and the minimum wage. Achieving the goals of the reflection activity 

brought about physical, conceptual, and reflection tensions for the students. The 

overall sense from the initial coding was that the reflection activity was difficult for 

students and they were not accustomed to thinking about mathematics in this way. 

The in vivo code, getting too deep stood out and seemed like a promising 

initial code. This code was used to subsume all other codes which suggested 

struggle or thinking deeply. Similarly, there were telling codes about how students 

progressed through the reflection activity. These codes were subsumed under the 

focused code, progressing.   

Focused coding of the cooperative reflection activity led to six focused 

codes: getting deep; reflecting by (thinking,writing, talking); struggling; clarifying 

instructions; making progress; and taking the lead. Through constant comparisons 

between classes, groups, and individuals, as well as writing memos, the focused 

codes led to the categories, scratching the surface, bashing it out, and digging deep 

which tells the story of negotiating mathematics during the reflection activity. 

Table 4.5 (p. 164) provides a sample of the initial codes that led to the focused 

codes getting deep and progressing. 
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Table 4.5 

Example of Focus Coding by Coding Initial Codes of Reflection Activity 

Getting Deep Progressing 
Struggling Encouraging themselves 
Terrifying questions Making progress (empowerment) 
Struggling to summarize input Feeling confident 
Thinking deep about math Not feeling confident 
Expressing exasperation Having an answer 
Feeling confused Loving math class (Empowerment)  
Drumming up conversation Feeling good about the activity 
Struggling with question Feeling anxious 
Stopping the recording Expressing uncertainty 

 

 

Scratching the surface in the process of negotiating mathematics means 

reflecting on a concrete level. Students were allotted 30 minutes to discuss the 

activity and record their reflections. During observations from both classes, 

students were still working on the first question (the consequence matrix) after 15 

minutes and would have continued working if the instructor did not ask them to 

move on. Physically, students could only examine the first layer of the minimum 

wage or scratched the surface of a complex multi-layered problem during the 

allotted time.  

The conceptual challenges associated with definitions of the terms positive, 

negative, direct, and indirect at the outset of the activity further contributed to the 

notion of scratching the surface. Definitions of these terms were not provided, and 

students needed to define each term based on the context of the activity. Definitions 
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of the terms were flexible and contextualized as opposed to fixed and standardized 

definitions in a traditional mathematics assignment. The word indirect was very 

ambiguous to the students resulting in the proverbial action of, scratching their 

heads. This need for more information on the meaning of the word indirect proved 

to be very troubling for students. Students managed this conceptual problem by 

clarifying instructions with their peers, researching (internet), or asking the 

instructor. The following discussion of WG4 was characteristic of the discussion 

among many groups during the reflection activity.  

Elijah: I don’t understand what’s direct and indirect.  
Kaiti: Direct would be mostly like what are direct benefits or negative 
aspects of it. I guess the direct stuff would be like stuff that you can see 
immediately from when you make a model. If the model is good or is bad 
and it does this or that. Indirect would be like well because we’re looking at 
like this it could affect in other ways. 
 

The first source for clarification was relying on their peers. If their peers could not 

provide a suitable answer, students would seek information from authorities. One 

authority was the instructor, but oftentimes student simply bypassed the instructor 

and googled the word. 

 Scratching the surface was not limited to the management of the physical 

struggle with time or conceptual problems with definitions but also characterized 

the nature of students’ reflections; they were more concrete and surface level as 

opposed to deep and abstract. Students tended to focus on the numerical 

relationships between the minimum wage and mathematics, so the reflections are 

interpreted as superficial, only addressing the surface issues and are partially 
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supported by students’ inability to identify indirect consequences of the minimum 

wage. A sample of students’ reflections during the cooperative group are reported 

in Table 4.6.  

 

Table 4.6 

Sample Cooperative Reflections on the Role of Mathematics 

Role of Mathematics as a 
Practical Tool 

Role of Mathematics in 
Technological and 
Societal Development 

Role of Mathematics in 
Citizenship and 
Democracy 

I feel like for me it is 
because you could see 
after the minimum wage 
supports most people 
lifestyle or not or what a 
minimum should be or if 
it should be changed 
(Jerome, MG1). 

If you want mathematics 
to be more of like on the 
technology side, then 
mathematics is the brains 
and scripts behind the 
technology in which it 
runs upon such as for 
computers and registers.  
(Kaiti, WG4). 
 

It affects citizenship and 
democracy because we 
put out a wage and they 
get to decide if they want 
the minimum wage or 
not. That’s a democracy.  
(Abigail, MG4) 
 

It helps to distinguish 
what the minimum wage 
should be, $8.10 per hour 
or $15 per hour so 
without Mathematics; no 
one could calculate and 
give satisfactory for 
minimum wage (Sashkia-
MG1) 

If you're working 
minimum wage and you 
live basically … you got 
three kids, and none of 
them are working, your 
human needs are 
basically gone down the 
drain … (Mickie, WG3) 

 

 

 

Further, students kept trying to find the right answer within their group. The right 

answer is a part of their mathematics experience and while working on the 
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reflection activity answers were ambiguous and varied, which is inconsistent with 

their expectations of mathematics and required balancing to make progress with the 

activity.  

 Students’ balanced these various tensions and the need to progress by what 

is interpreted as bashing it out. This is an archeological term which means 

proceeding by digging in a general area when the archeologist does not have any 

leads for digging sites. Bashing it out in the process of negotiating mathematics 

means progressing through productive struggle. Students’ simply worked from 

question to question claiming small victories like MG3. The excerpt picks up MG3 

trying to differentiate between material and immaterial.    

Iconic: So, I will say cultural practices because when I think material like I 
feel something more like materialistic, would that be okay, cultural practices? 
Jisoo: For labor savoring? 
Iconic: Yes. 
Jisoo: Yes. So, we can at least have an answer.  
 

Later in the conversation, Jisoo expresses great pride in their work. 
  

Jisoo: I’m proud of us we have an answer for one of them. It’s progress.  
Iconic: Okay. Cultural practices are [sic] the role of labor savoring [sic] 
technology which. 
Jisoo: Okay, the next terrifying question is how does your model of minimum 
wage impacts social development for prioritizing human need especially the 
poor and developing society?  
 

Jisoo and Iconic found the questions “terrifying,”, yet, in the midst of their reflection 

struggle, they found encouragement for getting an answer and being able to move 

on. This is the essence of bashing it out and was characteristic of most groups.  
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Bashing it out often led to students getting deep, an in vivo code. After 

answering the first several questions of the reflection activity, MG4 was overtaken 

by silence. After one minute of complete silence in the group, they proceeded. 

Toby: How does the minimum wage impact? 
Marley: How does? [reading quietly] 
Toby: How does the minimum wage impacts citizenship and democracy? 
Alana: Mm?  
Toby: How does it impact citizenship and democracy? How does it impact 
citizenship and democracy? 
Marley: This is…this is getting too deep.  

The silence represented both a physical and conceptual tension. It is difficult to 

understand the meaning of one minute of silence when it is written; however, 

throughout the recordings, there were several lulls in the conversations. There was 

silence in the mathematical activity, but students were silently working on familiar 

mathematics question that was more suited for independent work. Unlike the 

mathematical activity, during the reflection activity, students mulled over the 

questions quietly not writing or uttering a word. Marley’s utterance summarizes the 

physical silence and the struggle to move beyond it; they needed to think deeply 

about mathematics. This profound silence and confusion in this utterance are 

interpreted as an unexpected activity in mathematics class as well as a lack of 

experience in reflection on mathematics. Students were just not used to thinking 

this way in mathematics class. 
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The first time I encountered the code getting deep, I wrote an early memo. 

A later memo presented in Table 4.7 shows how this code was further developed in 

an attempt to tease out the properties of getting deep. 

 

Table 4.7  

Memo Further Developing the Code Getting Deep 

Memo: Getting Deep 
 
I could also use digging deep since I talked about excavating and a tool to dig 
deeper into the theoretical framework of the MESH tool. This might actually be 
the right code. They have to dig down to build up. The process goes down four 
layers. These are distinguished by each question. The first layer is Scratching the 
surface and is represented by the consequence matrix. The second layer is: To Be 
Determined (TBD). The third layer is: TBD. The fourth layer is: Digging deep.  
How do students get deep? Can you measure the deepness or depth? I think depth 
is an artificial concept. It’s created in their minds and obviously in the natural has 
no end. How deep is deep? How do you know when they have gone deep? How 
deep is deep enough? What’s the opposite of going deep? Remaining on the 
surface or scratching the surface. Why do students feel the need to go deep? 
Because they perceive the assignment as requiring them to go deep. How do they 
feel about going deep? They struggle in many ways. What is the outcome of 
going deep? I don’t know what the students’ think the outcome is. I know what 
the instructor intended which becomes the students’ goal. Some students 
accepted it a worthy goal; others found it useless and unworthy. Lloyd talked 
about all this being pointless if you don’t take action. So, I guess, doing 
something about it is a goal but did not materialize in class. In this case, students 
gained information, knowledge, and understanding. Thinking deeply is a 
metaphor for reflecting. How many layers of reflection do students really 
exhibit? Explore the archaeological metaphor further. 

   

 

 Getting deep in the process of negotiating mathematics is defined as 

thinking deeply about mathematics. Students’ recognition of the need for deeper 
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thinking about mathematics did not mean they were able to do so as evidenced by 

the silence. While some students were silenced, others vocalized their struggles by 

reflecting deeply about mathematics. The audio-recordings were filled with a lot of 

sighing and expressions of exasperation. Homeslice from WG3 expresses his 

frustrations with question three of the reflection activity in the following excerpt.  

Homeslice: Okay. This social development problem is vexing. It’s really 
vexing. The technological one was easy, but this one is hard. It’s hard for 
someone who is inconsiderate as me. I'm just kidding. It’s not that big of a 
deal. Actually, this one is easy. People with minimum wage jobs rarely have 
good benefits  

 

 The reflection activity did stimulate reflexive discussions as intended; each 

question was a reflection prompt and each response a reflection. However, 

prescribing reflections is no guarantee that students will reflect on the role of 

mathematics or reflect beyond the surface level. While students did engage in 

reflexive discussions, the process was difficult, and their perseverance may be more 

attributed to their interest in succeeding on the assignment as opposed to reflecting 

on the role of mathematics in society. This type of forced reflection although 

somewhat productive, did not engage them as much as the technological activity, 

nor was it as familiar as the mathematical activity. The reflection activity and 

challenged students’ thinking. Students’ did not resolve these problems in 30 

minutes. Instead, they progressed as best they could towards the goal of succeeding 

on the assignment. It is in this sense that the word “negotiating” is understood. 

Within the context of prescribed cooperative reflection activity, students’ actions 
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are conceptualized as negotiating mathematics and represent the balancing of 

experiences with and expectations of mathematics during the mathematical 

modeling of a real-world problem.   

Summary of Interactive/Social Reflection Process  

 Although the preceding discussion suggests a somewhat linear 

development of the concepts, this is far from the case. The final core concepts 

resulted from numerous iterations of constant comparative analysis, diagramming, 

memo-ing, and theoretical sampling. While the concepts of personalizing 

mathematics, challenging mathematics, and negotiating mathematics represent the 

overall code for each cooperative activity on a macro level, within each activity 

students engaged in all three processes to some extent. These processes are 

interpretations of students’ tension management and success strategies during the 

technological activity, the mathematical activity, and the reflection activity 

respectively and how these actions are related to the presence of reflexive 

discussions.   

 Personalizing mathematics became an incubator for engaging and 

spontaneous reflections (as opposed to prompted reflections). By personalizing 

mathematics, students gained insight and perspective about a distant social issue 

and formulated a personal view or understanding rooted in their past experiences 

with and expectations of mathematics and the social issue. Personalizing 

mathematics led to challenging mathematics. Challenging mathematics is the 
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interpretation of the students’ tension management and success strategies during 

the mathematical activity. Challenging mathematics contributed novel information 

and presented other perspectives of mathematics and the social issue while being 

consistent with traditional mathematics concepts. Challenging mathematics became 

a means of testing the personal view and rendering it open to change. 

 Personalizing and challenging mathematics created problems with students’ 

experience with and expectations of mathematics and the real world that needed to 

be resolved. The reflection activity provided an opportunity for students to get deep 

about mathematics in an attempt to resolve these problems. Problems were not 

solved but negotiated as a strategy to progress towards the goals of the activity. The 

interactive social reflection process was influencing, eye-opening, and fostered a 

predominantly positive learning experience. 

Overview of Unprompted and Prompted Reflections  

 Analysis of the cooperative activities focused on stimulating reflexive 

discussions when students worked in groups using the MESH tool. To get a sense 

of how MESH stimulated reflections about the role of mathematics individually, 

students were asked to complete written reflections after each cooperative activity. 

The first reflection after each activity was called an unprompted reflection since it 

simply asked students the following question, what did you think about this 

activity? and was completed in-class right after the activity. Reflexive discussions 

(connections to model criteria and/or consequences) were present in most of the 
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students’ written reports from both classes. Table 4.8 provides a sample of 

students’ written responses that were classified as reflexive discussions.   

 

Table 4.8 
   
Sample Unprompted Reflections Coded as Reflexive Discussions after each MESH 
Activity  

 After Tech Activity 
(1D)  

After Math 
Activity (2C) 

After Reflection 
Activity (3C) 

Monday 
Class  

(8/14) The activity 
showed variation in 
how much different 
families need to 
make for minimum 
wage in order to 
meet the basic 
needs. The wage 
depends on various 
family sizes and 
who is working 
(Marley, MG4) 

(11/11) Based on 
the difference 
about the 
minimum wage 
and the living 
wage, I can 
deduce that no 
family can live off 
the minimum 
wage (Irina, 
MG5). 

(10/13) The minimum 
wage should be based 
on what the average 
person thinks is 
sufficient enough for 
them to survive, which 
includes basic needs 
such as shelter, food, 
clothing, transportation 
and basic house bills 
(Petagaye, MG1). 

Wednesday 
Class 

(10/11) If you are a 
parent with a few 
children, you cannot 
survive. If the 
minimum wage is 
increased to $15, 
prices of other 
things will go up 
such as rent, food 
and even clothing 
(Molly, WG4).  

 (9/11) I realize 
that it will take a 
very long time for 
the minimum 
wage to get to 
$15. [State] 
minimum wage is 
not enough for 
people to support 
their families 
(Skai, WG2). 

(9/11) When thinking 
of the direct positive 
and negative effect of 
having a $15 minimum 
wage, you soon realize 
that the negative 
outweighs the positive. 
With a higher wage 
comes more income, 
but it also brings 
competition… 
(Homeslice, WG3) 

Note. The numbers in parentheses represent the proportion of students whose responses to the 
activity included a reflexive discussion. For example, (8/14) means out of the 14 students in the 
Monday class who submitted 1D, 8 responses included reflexive discussions.   
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Students reflected on many things in their written reports: their own learning, 

mathematics in general, the social issue, just to name a few. It was surprising that 

without prompting, students did contemplate the criteria used in building the 

minimum wage model and the consequences of various models.   

The second written reflection was a prompted reflection (Appendix D) to be 

completed outside class after each activity. Students were asked to specifically talk 

about assumptions, criteria, and values used in model construction, so the presence 

of reflexive discussions was not unexpected. Majority of the students answered the 

questions as directed. Following are three examples of prompted reflexive 

discussions after each activity.  

Based on the activities with the different assumptions, criteria, and values of 
each family, earning a higher education will be beneficial to raising a family 
and ensuring a brighter future for the next generation. Minimum wage only, 
even if they raise it to $15/hr., will not solve the poverty rate in the U.S 
(Bankrolls, WG2, after Tech Activity). 

Our group made a conservative assumption based on the belief and value 
that a starting wage or minimum wage is exactly that, an entry-level wage 
for some just getting into the workforce. Our assumption and budget [were] 
spot on with the linear model. Some other groups assumed a family with a 
child and only one income. We agreed there is no way you can support a 
family with a minimum wage income. However, that is not what the 
minimum wage was designed for (Tony, WG3, after Math Activity). 

No, the minimum wage shouldn’t increase to $15 per hour. Yes, families 
will have more income to live off. Also, employees minimum wage [would 
be raised] by $6.95. On the other hand, job positions will be eliminated, and 
the hour shifts will be cut short (Iconic, MG3, after reflection activity).  

 

It is clear that requiring students to write down their thoughts about the activities 

did produce reflexive discussions. To understand how the individual activities 



 

175 
 

produced reflexive discussions, I proceeded to conduct the grounded theory coding 

on the individual activities. I will now explain the concept of voicing mathematics 

and its relationship to reflexive discussions individually and cooperatively. 

The Concept of Voicing Mathematics 

While discourse analysis may be better suited to analyze students’ discourse 

during modeling and is beyond the scope of this research, important concepts 

emerged about how students thought, talked, wrote, and communicated about 

mathematics and the social issue. 

Emotional voicing was most prevalent in the unprompted reports (1D, 2C, 

3B) while collegial voicing pertained to the cooperative discussions (1C, 2A, 3A). 

Rational voicing was mostly present in the prompted reports (1E, 2D, 3C). Voicing 

mathematics is the central social processing of information before, during, and after 

the MESH activities and connects the three cooperative processes of personalizing, 

challenging, and negotiating mathematics. The concept of voicing mathematics 

initially developed from the analysis of the individual reports. However, the 

concept reflects the interpretation of both cooperative and individual actions.  

I coded each unprompted reflection (1D, 2C, 3B), followed by the prompted 

reflections (1AB, 1E, 2D, 3C). Eye-opening was an in vivo code and provided the 

first lead in the analysis. I applied theoretical sampling to the rest of the data set 

around this code. The second promising code from the unprompted reflections was 

expressing feelings and opinions about mathematics, models, and the social issue. 
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This was inconsistent with students’ experience in a traditional mathematics class. 

Students expressed more opinions and feelings during the cooperative 

technological activity than in the mathematical activity where the discussions were 

predominantly mathematical in nature. During the reflection activity, students 

engaged their critical thinking skills and focused on making logical arguments. 

Eye-opening was a consequence of the cooperative activities, especially the 

mathematical activity. 

The prompted reflections were more measured than the unprompted 

reflection since students had time outside of class to think about the in-class 

activities. The final promising code in the development of voicing mathematics was 

stating positions. Since the prompted reflections specifically asked students to take 

a stance on the social issue, this code was not surprising. While students stated their 

positions in the first prompted reflection (1B) which occurred before the 

cooperative work in class, their reflections were more consistent in tone and 

language with the unprompted reflections.  

This is an important point of comparison as it sheds light on the influence of 

the cooperative group work on the students’ reflection process. Students’ were 

talking out of their heads, so to speak, and their reports express strong feelings and 

their most authentic opinion. They brought these opinions to the discussion and 

debate in class. It was clear that the MESH activity had an effect on students’ 

perspectives. The results of initial and focused coding produced three categories 
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associated with each activity: fumbling in the dark, eye-opening, and developing 

new understanding. Examples are provided in Table A.4 (p. 263). 

Analysis of students’ individual reflection prompted analysis of how 

students expressed themselves in the cooperative group in comparison to 

individually. Initially, I was tentative about using the word voicing to describe 

students’ actions since it has very general connotations in ordinary language. 

However, as I continued the coding over 80 written reflections, making constant 

comparisons, the code voicing seemed to fit the data and was relevant to the 

explanation of students’ reflections. The concept of voicing mathematics describes 

how students reflect (communicate and express feelings, attitudes, and positions 

about mathematics and the social issue) during modeling activities using the MESH 

tool. Voicing mathematics takes into account Barbosa’s (2006) three types of 

discussions (technological, mathematical, reflexive) as well as other types of 

reflections that do not fit in any of these categories.   

The way students thought, wrote, and communicated had different features 

during cooperative activities and individual reflection prompts. During the 

cooperative activities, discussions included predominantly verbal forms and for the 

most part, students cooperated in a respectful manner. While there were definite 

self-appointed discussion leaders, students found their place in the conversation and 

engaged in respectful debate and conversation. Thus, during the cooperative 

activities, voicing mathematics is characterized as collegial meaning mutually 
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respect. The individual unprompted reflections expressed mostly visceral feelings 

and opinions leading to an emotional characteristic of voicing mathematics. 

Finally, while students’ authentic voice came through in the unprompted reflection, 

after group interaction and debating various points of views, their voice became 

more rational.  

 There were exceptions. There were two instances, during cooperative work 

where students’ voices were silenced or ignored which led to the code bullying, the 

opposite of collegial. Also, there were three students who spoke very little during 

cooperative activity (Anabelle, MG5; Alana, MG4; and Skai, WG2) but wrote 

extensive responses to the reflections after each activity. Anabelle (MG5) was one 

of few students who wrote a one-page report for all reflection prompts. While she 

was very interested in the project, her voice was best articulated in writing. 

Certainly, students’ discourses during mathematical modeling at the micro-social 

level are far more nuanced, and contingencies such as group dynamics, personality 

traits as well as learning styles may help or hinder self-expression. 

 Students’ voice did not remain the same throughout the activity with MESH 

illuminating a temporal property of voicing mathematics. The cooperative activity 

helped them make arguments, hear arguments, change arguments, and have new 

arguments. Students’ voice did not remain the same throughout the activity with 

MESH illuminating a temporal property of voicing mathematics. Table 4.9 (p. 179) 
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provides a summary of excerpts representing the concept of voicing mathematics 

(emotional). 

 

 

Table 4.9  

Voicing Opinions and Feelings about the Minimum Wage 

Initial Codes Monday Class Wednesday Class 

Making 
emotionally 
charged 
statements 

The public cannot expect 
to come in being paid as a 
manager when they have 
not earned it (Abigail, 
MG4). 
 
 
 

Although the family could live 
with a $15 an hourly wage, they do 
not need this to survive as seen in 
the activity. Molly’s family only 
required a minimum hourly wage 
of $8.60, showing there is no need 
for a spike in the minimum wage as 
big as $7.25 to $15 an hour (Molly, 
WG4) 

Relating 
personal 
Experience 

I have gone back to 
college because I don’t 
think that the minimum 
wage has kept up with the 
rise in rent and the other 
costs of living. I couldn’t 
live without having a 
roommate when I was 
younger (Anabelle, MG5). 
 
 

I have worked a minimum wage 
job in the past, and it took months 
to establish a decent savings 
account. At the time I had no 
necessary payments such as 
insurance, car finance, or rent. If I 
had any of these let alone all three 
(which I deem essential), it would 
be close to impossible to support 
myself (Ricky, WG2) 
 

Taking a 
stance 

I think that an increase in 
the minimum wage to $16 
per hour will be sufficient 
(Petagaye, MG1) 
 
 

Minimum wage should be raised to 
$15 so that citizens who work 
minimum wage has a higher 
chance of surviving and benefits 
from it (Mickie, WG3).   
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 The cooperative activity helped them make arguments, hear arguments, 

change arguments, and have new arguments. The cooperative group had the effect 

of influencing students’ reflections. The prompted reflections gauged the extent of 

the influence. Some of their points were proved, others experienced an eye-opening 

still others’ positions remained unchanged. Nonetheless, the activity gave them a 

new perspective. Taking this temporal quality of students’ reflection over the 

course of the MESH activities into account, voicing mathematics can be further 

distinguished by its consequence after each cooperative activity. After the 

technological activity, voicing mathematics was assertive. This means students’ 

authentic views are stated, often confidently, and provides a background for how 

students’ voice develops during the MESH activity. After the mathematical 

activity, voicing mathematics was alterative meaning the students' position was 

subject to change.   

 During the mathematical activity, students learn new information, 

experiences different perspectives. This information challenges the assertive voice 

established during the technological activity. After the reflection activity, voicing is 

adaptive, reflecting a culmination (within the classroom) of the students’ 

reflections. During the reflection activity, students have made the necessary 

alterations or reinforced their initial position. Table 4.10 (p. 181) reports the 

prompted reflections of Alana (MG4) across the entire project with the MESH tool 

demonstrating the transitional nature of voicing mathematics.  
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Table 4.10 
 

Example of the Transitional Nature of the Concept Voicing Mathematics During 
MESH Activities  

Activity/Characteristic 
of voicing mathematics 

Alana (MG4) 

Before Tech (1B) 
Emotional & Assertive 
voicing 

The minimum wage should be increased to $15…if 
the minimum wage should increase, they wouldn’t 
have to work so many jobs and they would have more 
time with their kids. The companies can afford to pay 
each employee $15 dollars an hour when their CEO’s 
and owners are making millions.   
 

After Tech 
(1E) 
Rational & Assertive 
Voicing 

Increasing the minimum wage would force businesses 
to lay off employees because not every company is a 
Walmart or McDonalds…The assumption that if the 
minimum wage is raised the price of consumer goods 
would also increase was brought up during our group 
discussing and I feel that nothing will change if the 
minimum wage is increased and the cost of living 
increased with it. 
  

After Math 
(2D) 
Rational & Alterative 
Voicing 

I feel that minimum wage should be raised to $15 
because when the minimum wage was introduced the 
government expected for people to live on it…I 
understand that if the minimum wage increases so 
will the cost of living, but I feel regardless the cost of 
living will always go up. 
 

After Reflection 
(3C) 
Rational & Adaptive 
Voicing 

If we do the math, we’ll see that it’s not enough…I 
feel the minimum wage should increase, but I don’t 
think it should increase to $15. We need to come… to 
a compromise that doesn’t destroy the economy in the 
process.  
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Alana’s position is relatively unchanged, but her perspective about the social issue 

is expanded after each activity. Her prompted reflections show how she interpreted 

and internalized the different and new information she learned during the 

cooperative activities. The cooperative discussions had the effect of augmenting 

Alana’s position. She’s in favor of increasing the minimum wage but not to $15 in 

the end which is a change from her initial position.  

 Alana’s (MG4) reflections or voice changed somewhat from her interaction 

with the cooperative group. There is one additional transitional characteristic of 

voicing mathematics that is possible, namely, active. That is, students take up 

actions outside of class in response to reflecting on the role of mathematics in 

society regarding the social issue outside of class. Voicing mathematics within the 

context of modeling activities with the MESH tool is synonymous with reflection 

on mathematics, is present throughout all activities, and becomes the glue that 

holds the whole process of stimulating reflexive discussions together. 

Research Question 4 

 How do students understand the role of mathematics before and after 

engaging in modeling activities using the method MESH tool? 

The coding process for the pre- and post-surveys followed the afore-

mentioned data-analysis strategy. This process resulted in two major categories: 

mathematizing experiences and establishing relevancy along with its supporting 

characteristics.   
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The concept of mathematising experiences. The goal of research question 

4 was to ascertain students’ understanding of the role of mathematics in society and 

identify any significant changes in students’ understanding that may be attributable 

to using the MESH tool during modeling activities. Students’ understanding of the 

role of mathematics in society based on the written responses to the pre- and post-

survey are conceptualized as mathematizing experiences and establishing 

relevance. In this research, mathematizing experiences is defined as the students’ 

process of consistently applying traditional mathematical description to everyday 

experiences (personal, educational, professional, societal) to explain their 

understanding of the role of mathematics in society. Sub-processes of 

mathematizing experiences include referencing experiences, defining mathematics, 

and struggling with mathematics  

Students mathematize their experiences by referencing mostly 

contemporary experiences with mathematics in various contexts. These contexts 

include but are not limited to references to personal experience, educational 

experience, professional experience, and sociocultural experience. These contexts 

are not mutually exclusive and often overlap. The point in differentiating contexts 

is to delineate and catalog the most prominent domains of students’ experience 

with mathematics present in the pre- and post-surveys. Table 4.11 (p. 184) provides 

examples of student responses within each of the four contexts. 
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Table 4.11 

Contextual Examples of Mathematising Experiences 

Context Pre-Survey Post -Survey 

Personal We use math every day. We use 
it at the supermarket when we 
check for prices and weigh our 
vegetables. We use math at the 
gym when we lift weights, and 
we use math when we are 
driving because we have to 
keep the speed limit and not go 
over…(Alana, MG4) 

We use math every day to do 
daily activities like shopping, 
cooking, doing laundry, etc. 
Without math we would 
probably be late everywhere, 
our food wouldn’t taste right, 
and our clothes wouldn’t be 
clean. (Alana, MG4) 

Educational The role of mathematics as a 
practical tool starts at an early 
age. One of the basic learning 
tools for children is learning 
how to count as well as add and 
subtract. (Bankrolls, WG2). 
 

Math is one subject you get 
tested on and evaluated on all 
standardized testing (Bankrolls, 
WG2).  
 

Professional …there is…very specific use 
for more complicated math like 
algebra, graphs, and functions, 
etc. I could see this higher-level 
math being a necessary part of 
an engineer’s everyday life but 
not to say someone working in 
an office in a marketing role. 
(Tony Shark, WG3).  
 

Mathematics is a practical tool 
for specific roles…however, an 
individual who is not pursuing 
a career in statistical modeling 
or accounting would not have a 
need for this level of 
mathematics (Tony Shark, 
WG3).   

Socio-
Cultural 

In the 21st-century people have 
come up with all different types 
of creations like cellphones… 
and tablets which require some 
form of mathematics to be 
created (Petagaye, MG1). 

 Mathematics is used in societal 
development by computing 
statistics, graph, and solving 
societal problems (Petagaye, 
MG1). 
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So, the way in which students experienced mathematics in the various 

contexts of their lives forms one step in the process of mathematizing experiences. 

At the core of referencing experiences is students’ definition of mathematics. 

Students’ definition of mathematics is their conceptualization of what mathematics 

is. These definitions and the influence of experiences are most clearly articulated in 

the students’ understanding of the role of mathematics as a practical tool. Based on 

the pre- and post-surveys, students defined mathematics predominantly as numbers 

and what is possible with the use of numbers: calculations, counting, quantifying, 

measuring, and telling time. These uses are indispensable practical tools in their 

daily lives and the functioning of society. They also define mathematics as 

problem-solving, a school subject, and a language. Ricky Bobby says, 

“mathematics is a universal language used by all societies.” 

 In relation to technological and societal development, students define 

mathematics in terms of formulas and procedures that result in fantastic 

productions that simplify everyday life. They make a distinction between 

complicated mathematics which is more abstract and invisible and simple 

mathematics which is concrete and visible. Students understand that complicated or 

more abstract mathematics is used to develop the technology that drives our 

societies. Students’ responses in the pre-and post-surveys were consistent with 

Crawford, Gordon, Nicholas, and Prosser (1994) and Wood, et al. (2011) 

categorizations of student conceptions in mathematics.  
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 Defining mathematics in the process of mathematizing experiences 

becomes problematic in understanding the role of mathematics in citizenship and 

democracy both on the pre- and post-survey. So, in the process of mathematizing 

experiences, students struggle with mathematics. Only 53.8% of the thirteen 

students in the Monday class who completed the pre-survey responded to the 

question regarding the role of mathematics in citizenship and advancing 

democracy. On the post-survey, 85.71% completed the question about the role of 

citizenship and democracy. Except for the two students who dropped out of the 

project, four of the six students who omitted this question completed on the post-

survey. 

 In the pre-survey, Annabelle says, “I don’t see any reason that mathematics 

would promote citizenship unless a student was on a school visa studying math.”  

Annabelle’s response reinforces students’ definition of mathematics in concrete, 

direct, and visible terms. Crawford et al. (1994) describes these conceptions as 

fragmented conceptions that lead to a surface approach to learning mathematics, 

and in this instance a surface level understanding of mathematics. Several students 

did not answer this part of the question in the pre- or post-survey, while others 

related similar experiences with the use of mathematics to count votes in an 

election, the use of statistics in population growth and food supply, and the number 

of senators and representatives in Congress. Complicating students’ struggle with 

mathematics relative to citizenship and democracy is students’ understanding of the 
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words, citizenship and democracy. Students were not provided with a definition, 

and their responses reflect an understanding within the context of becoming a 

United States citizen, not in the sense of a participant in a democracy with rights 

and responsibilities.   

Students’ struggles with mathematics were not limited to understanding the 

role of mathematics in citizenship and democracy; they also struggled with 

challenges to the dominant narrative about mathematics. Students expected 

assignments with numbers, formulas, and procedures in a college algebra course. 

The pre- and post-surveys were inconsistent with their assignment expectations and 

resulted in anxiety and frustration because of the writing. Their responses were 

sparse, researched, and simply regurgitated in the post-survey. Perhaps most 

compelling was the activities of the MESH Tool which included mostly writing and 

reflection assignments as opposed to customary exercises from a textbook with tidy 

answers. The work with the MESH tool was inconsistent with their experience and 

expectations mathematics with varied answers and complex solution. The situation 

was so egregious to Curlyfry (WG1), she wrote in her pre-survey, 

As a practical tool math has only shown that it doesn’t really make 
sense. I was taught math always has one answer, and this form of 
math just creates more questions. In technological development, it 
helps with giving us the things we need and advancing technology. I 
don’t feel math has much of a role in promoting citizenship and 
advancing democracy based on this project.  
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Curlyfry was in the group with Lloyd who had a different response which he 

summarized in his response to the question about the role of mathematics in 

citizenship and democracy: 

In the past, I didn’t even know citizenship correlated with 
mathematics, but the project on understanding the establishment of 
the minimum wage demonstrated their symbiotic relationship. For 
the reality of fairness towards every citizen, an establishment of fair 
earnings must be created. Mathematics showed how this could be 
achieved through charts and graphs based on [not legible]. 

 

Curlyfry’s response is interpreted as struggles with the dominant narratives 

about mathematics which were not negotiated throughout the project. Lloyd, 

on the other hand, had an opposite eye-opening experience and interpreted 

the role of mathematics society in a new way.   

The result of mathematizing experiences is an awareness of the presence of 

mathematics everywhere and the use of mathematics by everyone all the time. This 

perceived ubiquity, universality, and generality of mathematics forms the basis of 

their individual understanding. At the level of citizenship and democracy, however, 

mathematizing as a social process (Jablonka & Gellert, 2007) has arguably the 

greatest effect is but becomes a problem for students because it requires thinking 

about what mathematics does in society as opposed to defining mathematics as 

what it is. 

The concept of establishing relevancy. The purpose of mathematizing 

experiences is to establish the relevancy of mathematics. Establishing relevance 
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means to connect one’s use and need to learn mathematics to personal or societal 

relevance in everyday life. Students make certain assumptions about the relevance 

of mathematics and success in a world governed by mathematics.  

Relevance as a practical tool. Relating personal experiences with 

mathematics as a practical tool provided the bulk of the support for the relevancy of 

mathematics. As a practical tool, relevancy is rooted in the definition of 

mathematics as predominantly numeracy. In both the pre- and post-surveys, 

students relate everyday experiences with numbers. All students identified the role 

of mathematics as a practical tool in the pre- and post- surveys, thus having a 

definitive understanding of the relevance of mathematics as a tool in society in the 

pre- and post- surveys. The examples provided are concrete and visible use of 

mathematics as numbers. These experiences provide direct, explicit connections 

between the mathematics they know and the mathematics they use every day. The 

use of numbers simplified their everyday lives, which resulted in believing that 

mathematics is indispensable and extremely relevant both, personally and in society 

at large.  

Relevance in technological and social development. Establishing 

relevancy in technological and societal development is not straightforward as a 

practical tool. In this instance, students relate experiences about what they can 

accomplish personally, professionally, educationally, and in society because of the 

technology produced by mathematics. While students do not understand the 
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complex mathematical formulas involved, they make connections with 

mathematics and the development of important technology they use; specific 

careers that use mathematics; and important cultural practices like telling time, 

communicating, and traveling.   

Their experiences are more grounded in their consumption of the 

production of mathematics, i.e., technological advantages than mathematics itself. 

These historical and contemporaneous technological developments simplify their 

everyday lives and the functioning of society, and therefore having personal and 

societal relevance. In this context, the student distinguishes between simple 

mathematics and complicated or higher mathematics. Students do not feel a need to 

understand the mathematics behind the technology but do express a strong 

appreciation for the technology and a well-developed understanding that some 

complicated mathematics is required.  

There is a struggle with establishing relevancy, which requires negotiating 

this paradox, and according to some students, the technology has made doing 

mathematics easier. Student responses highlight a symbiotic relationship between 

technology and mathematics, and relevance is mediated. Table 4.12 (p. 191) 

summarizes students’ experiences and the relevance of mathematics in various 

contexts. The contexts are as follows: PER represents personal, EDUC represents 

educational, PRO represents professional, and SOCIO represents sociocultural.  

Excerpts are reported from both Pre- and Post- surveys. 
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According to Anabelle, “Math advances technology, but robotic technology 

could hurt people making minimum wage by replacing human jobs with 

machines.”   

Table 4.12 

Contextual Examples of Establishing the Relevancy of Mathematics 

Context Practical Tool Tech and Societal 
Development 

Citizenship and 
Democracy 

PER …When it comes to 
simple math, it is used 
every day…examples 
…, figuring out how 
many people will fit in 
one car. (Lloyd, WG1) 

Technology is built 
using math and math 
is a sign of an 
advanced society 
(Ricky Bobby, WG2).  
 

…mathematics 
help citizens get 
jobs and give them 
the right to vote … 
(Keshawn, MG4) 
 

EDUC There are some 
websites that are there 
to solve only math 
problems…technology 
helps to do math easier 
(Kennedy, MG5) 

The role of math in 
technology is to 
create formulas and 
equations to act as 
scripts in 
programming … 
(Kaiti, WG4). 

Math is also vital 
to intellectual 
development 
because it works 
the brain to full 
capacity (Marley, 
MG4). 

 
PRO There are not many 

options in the modern 
job world that do not 
require math skills… 
(Billy, MG1) 

Depending on what 
job or profession you 
are in will decide how 
much math is needed. 
(Anabelle, MG5).  

Math is also used 
to calculate how 
much is taken out 
of a person’s pay 
due to taxes 
(Molly, WG4).  
 

SOCIO The role of 
mathematics in society 
is greater than some 
may think, we have a 
society because of 
mathematics (Abigail, 
MG4).  

Mathematics is 
responsible for the 
working smart phones 
and computers which 
revolutionized 
communication… 
(Elijah, WG4). 

When you are a 
citizen, you have 
every right to 
participate in 
voting and 
decision-making 
(Iconic, MG3). 
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 Kennedy alludes to Niss’ (1994) relevance paradox by stating, “Another 

example is that a lot of websites do everything for us. We don’t have to keep a lot 

in mind cause they [websites] have all we need.” In this instance, the relevance of 

mathematics is rooted in what complicated mathematics manifested in technology 

allows the student to do in their everyday lives. When a student accesses a website 

that makes mathematics easier, mathematics becomes relevant in their life 

implicitly.   

Relevance in citizenship and democracy. Establishing relevance of the 

role of mathematics in citizenship and democracy presented the most challenge for 

students. While students were able to define mathematics and believed mathematics 

is important regarding its use as a practical tool and in technological and social 

development, students struggled to understand the connection between mathematics 

and citizenship and democracy. This is due in part to how students were 

mathematizing their experiences with citizenship and democracy. Students were 

defining mathematics as mostly numbers and formulas, and in thinking about 

numbers and formulas, students identified only concrete numerical experiences and 

a limited explicit role for mathematics. Students made concrete connections like 

becoming a citizen of a democracy or tallying votes in a democratic election. 

Consequently, they did not view mathematics as an important element for 

citizenship and democracy beyond the surface level of numbers and thus irrelevant.   
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When mathematizing experiences became problematic, students had to 

negotiate these tensions to establish relevancy. Students responded to this challenge 

by researching, omitting the question, and trying to make concrete numerical 

connections. Kaiti writes, “the role of mathematics in promoting citizenships and 

advancing democracy is mainly to find, identify, and analyze patterns in societal 

trends and changes, I feel. Other than that, it has no real value other than in 

assisting finances.” Kaiti’s view illustrates the negotiating of tensions that are 

pervasive throughout student reports. In this instance, students wrestle with the 

ubiquity of mathematics and the seeming nonexistence of mathematics in some 

areas.  

Curlyfry’s struggled with the relevance of mathematics during and after the 

project and complained that the project created more tensions. She poignantly 

expresses this when she tries to negotiate her educational experience with the 

modeling project and alternative views of mathematics. She writes in her post-

survey:  

As a practical tool math has only shown that it doesn’t really make sense. I 
was taught math always has one answer, and this form of math just creates 
more questions. In technological development, it helps with giving us the 
this we need and advancing with technology. I don’t feel math has much of 
a role in promoting citizenship and advancing democracy based on the 
project. 
 

Most surprising is not Curlyfry’s response but the fact that she was in a group with 

one other student who had a completely opposite response. Curlyfry’s partner 

Lloyd writes: 
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In the past, I didn’t even know how citizenship connected with 
mathematics, but the project on understanding the establishment of the 
minimum wage demonstrated their symbiotic relationship. For a reality of 
fairness towards every citizen, an establishment of fair earnings must be 
created. Mathematics showed how this could be achieved through charts 
and graphs based on lifestyles and needs. 

 

Curlyfry and Lloyd’s response provides variation in students understanding of the 

role of mathematics. Figure 4.1 illustrates the concept of establishing relevancy.  

The relevance of mathematics varies on a continuum from very relevant to 

completely irrelevant.  

 

 

 
 Other students clearly saw the connection of mathematics to becoming an 

educated citizen and how this helps with decision-making. While Irina’s pre-survey 

and post-survey views of the role of mathematics as a tool and in technology are 

the same, her view toward citizenship and democracy changed over the course of 

the project. In the pre-survey, she connected math to society at a concrete level in 

terms of statistics, populations growth, quantitative aspects of society to math. It is 

Citizenship & 

Democracy

Technological & 
Social Development

Practical Tool
Figure 4.1.  The concept of establishing relevancy 
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clear in her post-survey that she is connecting the role of math to the decision-

making at the macro level of government in terms of the number of representatives 

in a legislature or Congress, and at the micro-level regarding citizens in a 

community. Irina’s perspective was augmented after the project. She says: 

In promoting citizenship and advancing democracy, mathematics shows us 
how being informed can make us take the wrong decision when democracy 
gives us the right to choose and vote for what we think is right. For 
example, democracy gives the power of choosing to the people. Choosing 
what? Choosing representatives that are supposed when funds are assigned 
or when poverty rates are being designated. Now if mathematically we 
don’t’ understand how all of this is being imposed, how are we to choose 
wisely the best representative or what is the best choice for our community? 
 

Students mathematize their experiences to establish the relevancy of mathematics 

in their lives and society. Establishing relevancy involves believing mathematics is 

important, making connections to mathematics and their everyday lives, and 

negotiating the tensions that arise in this process. The result of students’ 

understanding of the role of mathematics in society is to create linkages to success 

individually and in society. 

Summary: Identifying Core Category 

 The final stage of the constructivist grounded theory method is identifying 

an overarching concept, if possible, that best captures the students’ construction of 

meaning and actions within the context of the research (Charmaz, 2014; Corbin & 

Strauss, 2015; Hadley, 2017). I returned to the data, specifically, the final journal 

reflections of the students. Jerome (MG1) wrote the following after the last activity 

of the MESH tool,  
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My thoughts on the activity. I feel like it made me look at math outside the 
realm of algebra on a piece of paper or finding x in an equation. I had to 
apply what I know to real-life situations, and in all my years of school, this 
is the first time I could say that I actually used it to help me in real life.  
  

The phrases that stood out from Jerome’s reflection were, “look at math outside the 

realm of algebra,” “apply what I know to real life situation,” and “in all my years of 

school.” These phrases suggested, at least for Jerome, that there was one kind of 

mathematics confined to school, another kind of mathematics that can be used in 

daily life, and he had never connected the two. Jerome’s interpretation of the 

MESH tool prompted the interpretation that mathematics was enclosed in a box 

called school and the MESH tool connected mathematics outside of the school 

context or unboxed mathematics. Jerome’s sentiments were echoed by Kaiti from 

WG4 who wrote,  

The activity was very interesting. Usually when one pictures “math”, I 
wouldn’t think of math outside of a math class, or engineering. This activity 
made me think of math in different settings, and how it relates to other 
subjects, which is cool. Everything is connected and related, just like how 
the living wage, or cost of living, affects the minimum wage.  
 

These two reports were pivotal in naming the overarching concern of this research. 

  Through further analysis of the four core processes (personalizing 

mathematics, challenging mathematics, negotiating mathematics, voicing 

mathematics) and students’ understanding of the role of mathematics 

(mathematizing experiences, establishing relevancy), the process of stimulating 

reflexive discussions during modeling activities was conceptualized as unboxing 

mathematics. If mathematics is neatly wrapped in a box called school, then, the 
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MESH tool became a way of opening this box, examining and removing the 

contents of the box, and making mathematics relevant to student’s everyday lives. 

The next chapter discusses the concept of unboxing mathematics and establishing 

relevancy of mathematics.   

  



 

198 
 

Chapter 5 

Discussion, Implications, and Recommendations 

Introduction 

A reflexive discussion “refers to the nature of the mathematical model, the 

criteria used in its building and its consequences” (Barbosa, 2006, p. 297). 

According to Barbosa (2006, 2009), reflexive discussions may occur when students 

discuss the criteria used in building various models, the consequences of the model, 

or at points of impasse in model building. Reflexive discussions create openings for 

thinking about the role of mathematics in society (Barbosa, 2006). Reflexive 

discussions are not guaranteed during mathematical modeling; they must be 

prioritized and stimulated, which created a need for further research.  

The MESH tool was created as a systematic approach to stimulating 

reflexive discussions during modeling activities and incorporates the evaluation and 

comparison of the criteria and consequences of various models. Additionally, the 

MESH tool investigated individual reflection through reflection prompts and goes 

beyond the traditional modeling cycle and incorporated a direct cooperative 

reflection activity. Thus, this study examined how to connect mathematical 

modeling activities with the role of mathematics in society or what mathematics 

does in society as opposed to what mathematics is.  

 Using constructivist grounded theory (Charmaz, 2014), the research 

attempted to answer the following four questions:  
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Research question 1: How does the tool MESH stimulate reflexive discussions 

about the role of mathematics in society during and after the technological activity?  

Research question 2: How does the tool MESH stimulate reflexive discussions 

about the role of mathematics in society during and after the mathematical activity?  

Research question 3: How does the tool MESH stimulate reflexive discussions 

about the role of mathematics in society during and after the reflection activity? 

Research question 4: How do students understand the role of mathematics before 

and after the MESH activities?  

A total of 27 students enrolled in two college algebra courses participated in 

modeling activities using the MESH tool. Students worked in groups of two to five 

students on three audio-recorded cooperative group activities, completed over 180 

individual reflection prompts, and completed pre- and post- surveys on the role of 

mathematics in society. CGT (Charmaz, 2014) methods were used to analyze the 

triangulated data. Results of the constructivist grounded theory analysis produced 

four concepts relating students’ actions while using the MESH tool and the 

presence of reflexive discussions: voicing mathematics, personalizing mathematics, 

challenging mathematics, negotiating mathematics; and two concepts relating 

students’ understanding of the role of mathematics in society, mathematizing 

experiences and establishing relevance.  

These six concepts and their relationships are integrated to provide an 

overall explanation of how reflexive discussions may be stimulated during 
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modeling activities and are conceptualized as unboxing mathematics. Unboxing 

mathematics can be described as a process of deliberately opening mathematics in 

school to questions from the realm of students’ experiences for empowerment and 

establishing relevance of mathematics in society. Unboxing mathematics describes 

one possibility for constituting reflexive discussions in practice during modeling 

activities. This chapter will discuss the new conceptual framework of unboxing 

mathematics linking all categories and their properties together, connections to the 

extant literature; implications of the study, study limitations, and recommendations 

for future study. 

The Core Concept of Unboxing Mathematics 

The context. Under what circumstances does unboxing mathematics take 

place? At the beginning of this research, I sought to systematize the process of 

stimulating reflexive discussion by constructing the MESH tool. While an apt 

starting point and a productive activity, the empirical results suggest that 

stimulating reflexive discussions during mathematical modeling is far from a 

systematic process. Moreover, the use of the MESH tool brought into focus broader 

cultural, social, psychological and educational perspectives of school mathematics 

activities (Bauersfeld, 1992; Cobb & Yackel, 1996) that are essential to stimulating 

reflexive discussions during modeling activities.   

First, it became evident at the outset of the data collection that the goals of 

the MESH tool were not the same as the goals of the students. While the MESH 
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tool was intended to stimulate reflexive discussions about the role of mathematics 

in society, the students’ using the MESH tool simply wanted to ‘succeed’ on a 

mathematics assignment. At the same time, from the students’ perspective, these 

assignments weren’t mathematical and inconsistent with their experience of what it 

meant to do mathematics in school. Since the students were unfamiliar with 

modeling in mathematics class, it became necessary for the instructor and students 

to explicitly and implicitly restructure what it meant to do mathematics in school.   

Second, normative classroom activities like classroom administration, 

writing as opposed to calculating, the ways of communicating, the meaning of 

success among other things were tacitly renegotiated. Third, at the student level, the 

way students communicated in their small groups, the way they wrote about 

mathematics, the way they interacted with the instructor also changed. Thus, a 

seemingly straightforward process proved to be more complex, dynamic, and 

multi-layered. While analyzing the data, it was difficult to separate the 

transformations in classroom activity while using the MESH tool from students’ 

individual sense-making and reflective development. 

At the heart of stimulating reflexive discussions is students’ interpretations 

of mathematics in the contexts of school and everyday life. Their perceptions of 

what it meant to do mathematics in school or context dependency (Boaler, 1996) 

contributed to the tensions that arose in their pursuit of success with the goals of the 

MESH tool. Two important dichotomies which emerged as part of students’ 
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understanding of school mathematics during the research were mathematics in 

school versus mathematics in real life and being good at math versus being bad at 

math. These shared views of the learning environment and mathematics ability 

made clear that stimulating reflexive discussions about the role of mathematics in 

society was as much about the interactions within the classroom environment as it 

was about individual perceptions and understanding of teaching and learning 

mathematics.   

Bauersfeld (as cited in Yackel & Cobb, 1996) suggests that participation in 

mathematics classroom processes “is participating in a culture of using 

mathematics or better: a culture of mathematizing as practice” (p. 459). The results 

indicate that students understand this culture of mathematizing as practice as 

mathematics in school and distinct from mathematics they encounter every day or 

mathematics in real-life. The role of mathematics in society is situated outside of 

school in the domain of mathematics in real-life but understanding this role is 

constituted in the domain of mathematics in school. While the lines of demarcation 

of mathematics in school and mathematics in real-life are mostly perceptual, this 

dichotomy tacitly created the backdrop in which the MESH tool was applied.   

Unboxing mathematics takes place within a traditional college algebra 

classroom, which is synonymous in this research with mathematics in school. This 

is the process of unboxing mathematics from the “box”. Although, mathematics in 

school share many features of what is commonly understood as traditional 
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mathematics schooling practices in the literature, in this study the boundaries of 

mathematics in school are defined within a narrow context of a typical college 

algebra course at the institution where data were collected. Using Barbosa’s (2006) 

notion of modeling as critic and Bauersfeld’s (1992), a culture of mathematizing as 

practice, I call this re-constituted classroom microculture, a culture of modeling as 

critic which represents part of the ‘un’ in unboxing mathematics.  

The technological activity and all activities of the MESH tool required 

students to communicate about the mathematics they were doing. In the traditional 

classroom culture where the predominant voice is the proverbial sage on the stage 

and students are passive recipients of knowledge, opportunities to express feeling 

and opinions about a relevant social issue and talk about the associated 

mathematics was novel for most students. The activities went even further to 

include written reflections after the activities and embodies a form of student 

empowerment. Thus, central to the process of unboxing mathematics is a basic 

social process conceptualized as voicing mathematics which accounts for the role 

of students’ communication, reflection, and empowerment in stimulating reflexive 

discussions and presented in detail in Chapter 4.  

 In the process of unboxing mathematics, voicing mathematics describes 

how students feel, think, talk, write, and communicate about mathematics and the 

social issue during and after each activity. Voicing mathematics makes explicit 

students’ reflections during and after each activity of the MESH tool and embodies 
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psychological goals (Kaiser & Sriraman, 2006) in modeling. All activities of the 

MESH tool (technological, mathematical, and reflection) includes voicing 

mathematics in some form. The properties of voicing mathematics are 

distinguished by its nature during cooperative activities: emotional, collegial, and 

rational; and by its effect individually after each activity: assertive, alterative, 

adaptive, and active. The discussion now proceeds by discussing each sub-process 

of unboxing mathematics in relation to the four research questions and the concept 

of voicing mathematics will be woven throughout. 

Research question 1: The concept of personalizing mathematics 
 
 The goal of research question 1 was to understand how the tool MESH 

stimulated reflexive discussions about the role of mathematics in society during and 

after the technological activity. The relationship between the technological activity 

and the presence of reflexive discussions has been conceptualized as personalizing 

mathematics, where personalizing refers to referencing personal experiences with 

the social issue and mathematics, using personal strategies for doing mathematics, 

and creating new personal learning experiences. The two essential ways to 

reference personal experience is to require students to select the social issue which 

implies personal relevance for investigation and collect their own data. The 

modeling project was personalized, meaning students had personal experience with 

the social issue and students had to collect their own data (Park, 2014) which 
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contributed to the cooperative group model. According to Park (2014), modeling 

projects that are personalized in this way promotes students’ autonomy.  

The data analysis revealed that the technological activity represented a 

modeling task which broke down the barriers of the traditional mathematics 

classroom by creating a learning environment that was conducive to sharing 

personal experience; effective use of personal strategies as opposed to following 

exact procedures with exact answers; and creating new personal learning 

opportunities. In the overarching process of unboxing mathematics, if mathematics 

in school is a box, then personalizing mathematics is equivalent to opening that 

box. 

Openings to reflexive discussions were created through passionate and 

collaborative argumentation; voicing mathematics became an instigator in the 

uncovering of the ‘school mathematics’ box. Students’ emotional and collegial 

discussions during the technological activity included consistent references to 

personal experiences. Overwhelmingly, these prior personal experiences with the 

social issue were welcomed and made legitimate contributions to interpreting the 

problem situation and finding solutions. According to Brown (2013), requiring 

Year 6 students to reflect on their mathematics and explicate their thinking 

contributed to their perception of their contribution to interpreting the real-world 

situation and connecting mathematics to the real world. The technological activity 

certainly provided a space where students’ personal experience and knowledge 
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were valued in problem solution which stimulated spontaneous discussions about 

the role of mathematics in society.  

There were limitations to students who lack personal experience with the 

social problem as well as a general problem of the lack of experience with 

modeling. Written reflections after the technological activity pointed to the 

transforming effect of the activity and students used words like eye-opening, 

interesting, and gave me a new perspective to describe their attitudes about the 

activity. So, the technological activity not only created a personal learning space 

within the classroom but created new experiences especially for those students who 

were unfamiliar with the minimum wage, budgeting, or mathematical modeling.  

During the technological activities, the close association of the cooperative 

group fostered informal discussions which allowed students to make known their 

personal, authentic, and initial stance regarding the social issue. This assertive 

property of the students’ voice represents an outcome of the property of 

personalizing mathematics. Reflexive discussions were spontaneous and prolific as 

students made connections to their experiences and created new experiences. 

Additionally, students consistently reported seeing the relationship of mathematics 

to the social issue in their reflection prompts after the activity. However, since 

students’ positions were mostly rooted in personal anecdotes and collegial debate, 

their perspective was limited, and the technological activity was just an opening to 

understanding the role of mathematics in society.   
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 The concept of personalizing mathematics as it relates to the presence of 

reflexive discussions brings into focus students experiences and expectations of 

mathematics in school, their understanding of the social issue under investigation 

which lies outside of school in the domain of ‘mathematics in real life’, and their 

attempts at marrying the two. Since this integration is not a straight-forward 

process for students, unboxing mathematics requires flexibility in the learning 

environment (Bauersfeld, 1992) and personalizing mathematics provided that 

flexibility.   

 The technological activity would be situated in Skovsmose’s (2011) 

learning milieu 6 which is described as a learning environment called ‘landscapes 

of investigation’ with references to real life, provides meaning to students’ 

mathematics activities, and is in direct contrast to the exercise driven paradigm of 

the traditional classroom. The mathematics box does not support mathematical 

modeling as practice and separates students into dichotomous groups of those who 

are good at math and those who are bad at math. During the technological activity, 

students who were good at math were not necessarily good at mathematizing. 

Similarly, students who were bad at math were good at mathematizing and came 

alive. The flexibility afforded by the technological activity was unfamiliar to 

students; thus, personalizing mathematics may also be considered a coping strategy 

(Boaler, 1996) within the tacitly reconstituted classroom culture. 
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 The concept of personalizing mathematics contributes to prior research 

findings on context in mathematics in general and the importance of task 

authenticity during mathematical modeling specifically. Task authenticity is related 

to the domain issue of content authenticity in the modeling literature (Galbraith, 

2013). In general, optimally authentic modeling problems have connections to the 

real world and are selected with a targeted goal known as ‘targeted real problems’ 

or selected with a real-life context with flexibility in problem selection called ‘life-

like problems’ (Galbraith, 2013).   

 Barbosa (2006) goes further and outlines the boundaries for selecting these 

modeling task: “the activity has to be a problem (not an exercise for the students)” 

and “the activity has to be extracted from the everyday and not the other sciences 

that are not pure mathematics” (p. 294). Finding a model of the minimum wage 

during the technological activity is closer to the stricter requirement of Barbosa 

(2006), but the concept of personalizing mathematics goes a step further by 

explicitly taking into account students’ past, present, and future personal 

experiences with the social issue but not as far as using Paulo Freire’s generative 

themes as recommended by Gutstein (2012). One important requirement of the 

technological activity was that students construct their own models of the minimum 

wage before the start of the project. In practice, personalizing mathematics in the 

process of unboxing mathematics would require instructors to rely on students to 

choose appropriate problems to investigate. 



 

209 
 

The use of the concept of personalizing mathematics resonates with the use 

of the word personalizing by Guitierrez (2013) in his dissertation about balancing 

classical, community, and critical knowledge in mathematics teaching and learning. 

In this study on implementing the critical mathematics framework in practice 

personalizing was used to describe an “integration of their [students’] personal 

perspectives and experiences into their critical analyses” (p. 217) which is 

associated with the development of social agency. This means through sharing 

personal stories, passionate debates, and including family histories, students were 

better able to connect their lived realities with the larger social issue and inspired to 

take action (Guitierrez, 2013). The process of personalizing mathematics is similar 

to Guitierrez’ (2013) use of the word personalizing regarding the role of students’ 

background and foreground (Skovsmose, 1998) but goes further by acknowledging 

what is happening at the moment as students are experiencing the modeling project.   

 Past personal experience or student background in the role of unboxing 

mathematics supports the literature on value creation in mathematics (Park, 2014). 

Using Makiguchi’s (1981-1988) value creation as a lens to understand students’ 

mathematical disposition during mathematical modeling, Park (2014) showed that 

there was an association between modeling tasks involving students’ personal lives 

and their interest in valuing mathematics. The technological activity engaged 

students in a social issue that was very familiar personally, socially, and culturally 
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and contributed to robust, rich, and eye-opening reflections allowing students to 

connect mathematics in individually meaningful ways to their personal lives.   

  When students imbue the modeling process with these relevant personal 

experiences and use person strategies for doing mathematics, they create a shared 

personal experience which is both rewarding and risky. This is predicated on 

choosing a modeling task that is personally accessible (a part of their background) 

to students individually or cooperatively. According to Yackel and Cobb (1996), 

interaction is critical to negotiating shared meanings and developing individual 

reasoning and sense-making. Students were able to find their own path through the 

data because the technological activity met the criteria for flexibility, “open 

presentation” and a “social atmosphere” (Bauersfeld, 1992, p. 476). Under these 

conditions, students gain a realistic view of mathematics in the real world as they 

make connections to their lives, become interested and invested in the modeling 

process which excites constant, spontaneous, and engaging discussions about the 

role of mathematics in society.   

Research Question 2: The Concept of Challenging Mathematics  
 
 The goal of research question 2 was to understand how the tool MESH 

stimulated reflexive discussions about the role of mathematics in society during and 

after the mathematical activity. The cooperative portion of the mathematical 

activity produced far fewer reflexive discussions than the technological and 

reflection activities, and most of the observed reflexive discussions occurred during 
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the instructor guided discussion where novel information about the social issue was 

presented. The attempt to associate mathematics results from modeling with the 

real-world consequences created challenges for students. 

 The mathematical activity used traditional mathematics concepts (graphing, 

manipulating equations, and making predictions) and this familiarity resulted in a 

systematic, independent, and silent approach to answering the questions termed 

going through the motions. The foreign-ness of the mathematical activity 

(cooperative exploration and interpretation of a real-world social issue in 

mathematics class) became problematic, or students hit bumps in the road. The 

problems encountered in the mathematical activity were exacerbated for those 

students who struggled with the prerequisite mathematics content knowledge.   The 

excitement and enthusiasm that was generated during the technological activity 

were vanquished by the ‘familiarity’ and foreign-ness.  

 The empirical data suggest a dual nature to the notion of challenge relative 

to the presence of reflexive discussions. On the one hand, underlying structural 

challenges hindered reflexive discussions. On the other hand, the revelation of 

novel information about the social issue and the probing questions during the 

instructor-led discussions did stimulate reflexive discussions. Students did not 

easily interpret or transfer mathematical results to the real world without assistance 

from peers or the instructor. Barbosa (2009) suggest that reflexive discussions must 

click for students and they cannot be forced to produce them. The results of the 
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familiar questions were intended to trigger reflexive discussions, but they may not 

have made sense for the students given the familiarity of the activity. Another 

explanation for the silence and sparse reflexive discussions is the impact of the 

required mathematics content knowledge and students’ ability to complete the 

activity. Since the activity required more typical mathematics concepts and 

procedures, if students were struggling with these concepts, they risk exposure to 

social and psychological ramifications in a group setting which is often avoided in 

the traditional mathematics course. Mathematics content knowledge was not a 

significant issue during the technological activity since students only needed basic 

mathematics skills. 

 Students know what to expect from mathematics in school, but they 

struggled to interpret the ambiguous mathematical answers and articulate 

connections to mathematics in real-life while in the school context without 

assistance. This points to the role of the pervasive concept of scaffolding in the 

production of reflexive discussion. During the instructor-led discussion, the 

primary purpose of scaffolding was to ‘draws out’ internal considerations about 

mathematics and the social issue in a whole-group setting. There were drawbacks 

since only the most vocal students participated in the discussion. Following up the 

activity with written reflection prompts was critical since it provided an opportunity 

for less vocal students to express their thinking about the social issue and 

mathematics.  
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 While the instructor-led discussion was interpreted as positive and ‘eye-

opening’ by the students, stimulating reflexive discussion by scaffolding is a 

delicate balancing act threatened by classroom absolutism (Skovsmose, 1998) and 

the imposition of teacher values. Bishop (1999) identifies three classifications of 

values transmitted in the mathematics classroom: general educational, values 

arising from socio-cultural concerns; mathematical, values about mathematical 

knowledge; and mathematics educational, values pertaining to the norms of 

mathematics in school (Bishop, 1999). The modeling activity represented general 

educational values about the role of school mathematics in developing critical 

citizens and introduced implicitly a counter-narrative to historical beliefs about 

mathematics values which Curlyfry (WG1) confirmed in protest when she writes, 

“this isn’t math.” Since the modeling activity was an add-on to a traditional 

mathematics class, mathematics educational values were explicitly and tacitly 

renegotiated, the most significant being working step-by-step towards one right 

answer. There was a multiplicity of answers for most of the activities, yet students 

seemed to struggle with this idea, presented very short responses and needed 

prompting to elaborate their point of view.   

 To reduce the further imposition of instructor values, the instructor focused 

the discussion on the historical context for the minimum wage that was unknown to 

students, limited expressions of personal opinions about the social issues, and 

attempted to follow up issues raised by students. Since values are mostly implicitly 
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transmitted (Bishop, 1999), self-awareness and reflexivity on the part of the 

instructor were critical when interacting with students to prompt reflexive 

discussion. The classroom environment is dynamic and complex and requires 

flexibility, openness, and shared collaborations so that students can find their own 

path without undue influence of the instructor.  

 The mathematical activity exemplifies what is possible and necessary in the 

teaching and learning process to help students understand the social role of 

mathematics in society. Skovsmose (1998) describes a classroom micro-culture that 

functions democratically without ritualized communication pervasive in traditional 

classrooms as deliberative interaction and suggests this kind of environment 

supports “dialogue and negotiation” (p. 200). A classroom characterized by 

deliberative interaction (inquiry cooperation model) has the following 

characteristics: active listening where the teacher’s awareness of the students good 

reasons; freedom for students to dialogue out loud; reformulation; challenge; and 

negotiation of perspectives; shared evaluation of the possible good reasons 

students’ good reasons freedom, reason, equality, and consensus (Skovsmose, 

1998).  

 The mathematical activity was an attempt at deliberative interaction. 

However, this kind of democratic and flexible communication between teacher and 

students has to be cultivated. According to Skovsmose (1998), 
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classroom communication does not take place in a school setting which puts 

limitations to the structure of the communication. The students and the 

teacher are easily assigned particular roles, and the interaction between 

these actors becomes prescribed by a didactical contract. In order to make it 

possible for communication in the classroom to become a dialogue, it might 

be essential to frame the school situation in new ways (p. 201).  

The process of challenging mathematics in the process of unboxing mathematics 

reframes the mathematics classroom in a way that is conducive to the production of 

reflexive discussions through deliberative interaction.  

 The cooperative mathematical activity “boxed-in” mathematics while the 

instructor-led discussion was eye-opening or “unboxed” mathematics, giving 

students an alternative perspective on mathematics and the social issue. Taking into 

account this dual quality of the challenges of the mathematics as interpreted by 

students, the relationship between the MESH tool and the presence of reflexive 

discussions during the mathematics was conceptualized as challenging 

mathematics. Challenging mathematics can be described as the process of testing 

students’ experiences with and expectations of mathematics against social reality 

and making reassessments. If mathematics in school is a box, and personalizing 

mathematics is equivalent to opening that box, then challenging mathematics in the 

process of unboxing mathematics explores the contents of that box. While the 

process of personalizing mathematics brought students’ experience with and 
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expectations of mathematics into focus, the process of challenging mathematics 

tested those experiences with and expectations of mathematics.  

 The process of voicing mathematics became problematic physically and 

cognitively through foreboding silence during the mathematical activity reinforcing 

the traditional mathematics classroom culture. At the end of the technological 

activity, the students’ voice had an assertive quality meaning, students’ individual 

reflections after the activity represented a personal, authentic, and initial stance 

towards mathematics and the social issue. Students entered the mathematical 

activity confident in their understanding of the role of mathematics in the social 

issue. However, the instructor-led discussion quickly rendered this assertive voice 

open to change. The altering of expectations of and experience with mathematics 

during the mathematical activity results in a transformative quality of the students’ 

voice. Thus, the process of voicing mathematics is characterized as alterative after 

the mathematical activity. 

Research Question 3: The Concept of Negotiating Mathematics 

 In Research question 3, I sought to understand how the tool MESH 

stimulated reflexive discussions about the role of mathematics in society during and 

after the reflection activity. The interpretation of empirical data suggests that 

prescribing reflexive discussion was more productive than the mathematical 

activity; however, due to physical constraints and cognitive challenges, reflections 

were concrete and mostly superficial. In other words, students were only scratching 
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the surface of the role of mathematics and the social issue. The activity was very 

perplexing for some students, and their strategy for success was interpreted as 

bashing it out which means moving from question to question in order to progress 

towards the goals of the activity.  

 Students struggled to connect mathematics in school with mathematics in 

real-life leading several students to refer to the activity as getting deep. It seems 

from the students’ perspective the activity required unusual mental effort or critical 

thinking uncharacteristic of mathematics in school. Additionally, students’ 

reflections seemed to be hindered by the search for one right answer although they 

were told that there were no right or wrong answers. Searching for one right answer 

in mathematics class may be associated with sociomathematical norms (Cobb & 

Yackel, 1996; Yackel & Cobb, 1996) created within typical traditional mathematics 

classroom communities and classroom absolutism (Skovsmose, 1998), the 

structuring of classroom communication around the assumption that there’s only 

one right answer. On one level, the reflection activity was a tacit renegotiation of 

those norms and assumptions which proved to be problematic. 

 The presence of reflexive discussions and students’ actions of bashing it 

out, getting deep, and scratching the surface, were interpreted as a process of 

negotiating mathematics. Negotiating mathematics is defined as the constant 

balancing of experiences with and expectations of mathematics to understand the 

role of mathematics in society. The reflection activity required students to 
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renegotiate individual and collective mathematical beliefs and values about 

mathematics in school and mathematics in the real world both individually and 

collectively.   

 The process of negotiating mathematics in stimulating reflexive discussion 

adds empirical support to the literature on how to these discussions are constituted 

in practice. Reflections on the role of mathematics in society are not a natural 

consequence of mathematical modeling (Barbosa, 2006). Stimulating reflections 

requires extending the modeling task beyond the mathematical level to political, 

social, and, cultural dimensions (Barbosa, 2006; Skovsmose 1998; Stillman, 

Brown, Faragher, Geiger & Galbraith, 2013). Students were provided with the 

opportunity to explicitly make the connections between mathematics and the social 

issue and contemplate social, political, and cultural concerns. During the reflection 

activity, students saw that the role of mathematics was not simply a tool for 

describing the minimum wage, i.e., $15 per hour, “but also as a source for decision-

making and action” (Skovsmose, 1998, p. 196). Students’ expressed an 

understanding of the complexity of applying mathematical solutions to a messy 

real-world problem and thus developed their critical reflective competence.   

 During the reflection activity, the process of voicing mathematics became 

more rational as students reconstituted their understanding of mathematics in the 

real world based on the various perspectives they encountered during the activity. 

Students heard arguments, made arguments, changed arguments, and even 
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reinforced their positions. These communicative actions led to an adaptive 

characteristic of voicing mathematics after the reflection activity evidenced by 

students’ individual reflection prompts after the activity. This means students’ final 

stance on the minimum wage and the role of mathematics was a culmination of the 

activities of the MESH tool. Adaptive does not necessarily mean student adopted 

any particular point of view about mathematics and the minimum wage but instead 

refers to the progressive development of their initial stance and critical competence 

as a result of the social interaction and individual reflections.  

 In the overall process of unboxing mathematics, negotiating mathematics is 

a strategy for progressing towards developing the required critical competence to 

see the role of mathematics in society without necessarily resolving their 

disassociation between mathematics in school and ‘mathematics in real.’ The 

required knowledge transfer is an ongoing process in and outside of school. 

 Research question 4: The Concept of Establishing Relevancy. In 

research question 4, I wanted to gain insight into students’ understanding of the 

role of mathematics before and after the MESH activities. The results from Chapter 

4 indicate that students have a strong understanding of mathematics as a practical 

tool before and after engaging with the MESH tool. They referenced personal 

experiences of mathematics in everyday life which is rooted in their definition of 

mathematics as numbers, calculating, and measuring. This finding is consistent 

with research on the rationality of practice (Mouwitz, 2013) which means in 
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practical applications of mathematics, the criteria for truth and relevance of 

methods employed is practical usability. The concrete usefulness of mathematics in 

various spheres of their everyday life determined the role of mathematics as a 

practical tool.  

 Students understood the role of mathematics in technological development 

before and after using the MESH tool from the point of view of the many 

technological advances that are made possible by complicated mathematics. These 

historical and contemporaneous technological developments simplify their 

everyday lives and the functioning of society, therefore having personal and 

societal relevance. In this context, the student distinguishes between simple 

mathematics and complicated or higher mathematics. Students do not feel a need to 

understand the mathematics behind the technology but express a strong 

appreciation for the technology and a well-developed understanding that some 

complicated mathematics is required. There is a struggle with establishing the 

relevance of mathematics in school, which requires negotiating this paradox, and 

according to some students, the technology has made doing mathematics easier. 

The results support Mouwitz’ (2013) argument that usability is the major concern 

with mathematical models and the underlying mathematical theory is of little 

concern to the user.  

 Before using the MESH, some students were able to provide concrete uses 

of mathematics with citizenship and democracy. However, most did not see any 
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connection. The MESH tool did not change students understanding of the role of 

mathematics in citizenship and democracy; some made concrete references while 

others maintain that there was no connection between mathematics, citizenship, and 

democracy. Students held rigid conceptions of what mathematics is (numbers, 

measurement, calculations) as opposed to thinking about what mathematics does in 

society. Understanding what mathematics is and what mathematics does form part 

of the individual’s mathematics beliefs, values, and conceptions (Cobb & Yackel, 

1996; Yackel & Cobb, 1996) which is a product of the micro-culture of 

mathematics in school and the macro-culture of mathematics in real-life. The 

results are consistent with findings by Crawford et al. (1994) study of student 

conceptions of mathematics. They describe student conceptions as fragmented 

conceptions that lead to a surface approach to learning mathematics, and in this 

instance a surface level understanding of mathematics.  

 Finally, students’ disassociation of mathematics in school from the real-life 

context of citizenship and democracy may be due to the invisibility of mathematics 

or students’ understanding of the words, citizenship and democracy. Students were 

not provided with a definition, and their responses reflect an understanding within 

the context of becoming a United States citizen, not in the sense of a participant in 

a democracy with rights and responsibilities.  
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Summary Substantive Theory 

Using CGT, interpretation of students’ actions during modeling activities 

with the MESH tool and the presence of reflexive discussions were conceptualized 

as a core process of unboxing mathematics with four interrelated sub-processes, 

voicing mathematics, personalizing mathematics, challenging mathematics, and 

negotiating mathematics. Unboxing mathematics can be described as a process of 

deliberately opening mathematics in school to questions from the realm of students’ 

experiences for empowerment and establishing the relevance of mathematics in 

society.  

This substantive theory provides a framework for creating a learning 

environment that should generate reflexive discussions about the role of 

mathematics through deliberative interactions (Skovsmose, 1998). Grounded 

theories are not all-encompassing and represents one perspective of a complex 

empirical social world (Hadley, 2017). The substantive theory presented and 

conceptualized as a process of unboxing mathematics represents one possibility for 

stimulating reflexive discussions about the role of mathematics in society during 

mathematical modeling activities and is specific to the context outlines. Figure 5.1 

(p. 223) illustrates the logic of unboxing mathematics.  
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Figure 5.1. The logic unboxing mathematics 

Unboxing mathematics identifies classroom mathematical practices (Cobb 

et al., 2001; Cobb & Yackel, 1996) specific to the socio-critical modeling context 

of this study. Unboxing mathematics accounts for both the communal and social 
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development of reflexive discussions and provides a framework for creating a 

culture of modeling as critic that may develop students’ reflective competence to 

see the role of mathematics in society. The process of unboxing mathematics 

establishes links between the sub-processes of personalizing mathematics, voicing 

mathematics, challenging mathematics, and negotiating mathematics.  

A summary of the key findings of the research is as follows:  

1. Perceptions (students and teachers) of school mathematics classroom 

culture, mathematics in school and mathematics in the real world 

delimits the production of reflexive discussion. This is the basis of the 

box in the process of unboxing mathematics.  

2. Exploring a social issue with personal relevance to students’ lives in a 

flexible, collaborative learning environment stimulates spontaneous and 

robust reflexive discussions. This exploration opens the box and is 

conceptualized as personalizing mathematics. 

3. Challenging taken-for-granted beliefs and values (Frankenstein, 1983) 

at the mathematical level through deliberative interaction (Skovsmose, 

1998) produces reflexive discussions. Deliberative interaction 

encourages critical examination of the box by considering alternative 

perspectives. This testing of students’ experiences and expectations with 

novel information is conceptualized as challenging mathematics. 
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4. Going beyond the mathematical level to the political, social, and, 

cultural dimensions is a difficult but necessary requirement for the 

production of reflexive discussion. This means reflexive discussions 

must be prescribed as a scaffolding prop to assists students in making 

the connection between mathematics in school and mathematics in the 

real world. This balancing of experiences with and expectations of 

mathematics is conceptualized as negotiating mathematics.  

5. Individual reflection on the learning process after the modeling 

activities stimulates and regulates students’ critical reflective 

competence which is a form of empowerment. The concept of voicing 

mathematics captures both individual and collective reflections.  

6. Students understand the role of mathematics as the relevance of 

mathematics in their everyday life. Basic mathematics is useful to 

everyone, but complicated mathematics is useless to almost everyone. 

This belief about mathematics in the real world is conceptualized as 

establishing relevancy. 

Delimitations 

 There were several limitations imposed by the researcher which should be 

taken into consideration when interpreting the results presented. First, the study 

was limited to college algebra students at an urban community college in the 

southernmost state. The study population and location should be taken into 
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consideration when transferring these results to other sites such as secondary 

schools or traditional four-year institutions. Second, the timing of data collection 

may have some historical implications. The data was collected during the 2017 

spring semester. The historical contexts related to the timing of data collection 

should be taken into consideration because of references to contemporaneous 

events. . 

Limitations  

There were limitations to this study. First, since the researcher was the 

instructor, data could not be collected and analyzed in the traditional procedures of 

grounded theory. It was not possible to immediately follow-up with students after 

data analysis. The alternative approach used to analyze the data was discussed in 

detail in Chapter 3. However, the direction of the research may have been different 

if it were possible to collect and analyze the data at the same time.  

Second, the study utilized an the MESH tool which was designed to 

stimulate reflexive discussions. Administrative feasibility was problematic. The 

major issues were related to having sufficient class time for cooperative activities. 

Since the class met only once per week, it was challenging to justify three class 

periods to conduct a research study in a 16-week course. Students really needed 

more time for cooperative interactions. Additionally, while the explantory theory 

suggests a more general and less restrictive approach to stimulating reflexive 



 

227 
 

discussions, the MESH tool must be taken into consideration since it may have 

created structural limitations to students actions during modeling.  

Finally, the researcher as instructor required attention to reflexivity 

throughout the process. Since teacher values are important in negotiating socio-

mathematical norms, there’s a conflation of researcher and teacher values inherent 

in this interpretive analysis. 

Meeting Criteria for Grounded Theory 

 Verification of grounded theories was discussed extensively in Chapter 3. 

Adhering to the rigorous methods of grounded theory ensures that constructed 

categories and concepts are grounded in the data and is generally sufficient for the 

credibility of the research. However, within one’s discipline, it is necessary to 

demonstrate credibility using additional criteria. Charmaz (2014) suggests four 

criteria for judging grounded theory studies beyond the internal consistency of the 

constant comparative method. The criteria are: credibility, originality, resonance, 

and usefulness and were discussed in Chapter 3. Here, I outline how this research 

satisfies these four criteria. The substantive theory outlined should be interpreted 

within the appropriate context, and no attempt has been made to generalize these 

findings. Most important is the use of an instructor tool MESH used in this research 

project. Considerations should also be given to the local and institutional context.  

Credibility. Credibility is concerned with familiarity, sufficiency, breadth, 

and logical linkages within the data. The research has achieved close familiarity 
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with the research topic and setting since the MESH tool is researcher constructed 

and the researcher was the instructor for the classes in which the study was 

conducted. As discussed previously, before collecting the data, a pilot study was 

conducted with the MESH tool. While the researcher as instructor increased the 

level of familiarity with the data, it created a greater need for self-awareness 

throughout the process. Further, the previous discussions of theoretical sampling, 

coding, and theory generation demonstrate methodological consistency and 

openness.  

Based on the nature of the study, the quantity and quality of data meet the 

sufficiency test. The sample consisted of 27 students from two classes, 14 from the 

class which met on Mondays and 11 from the class which met on Wednesdays. 

There were seven individual written reflections required per student with over 180 

individual reflections analyzed. There were nine cooperative groups which 

contributed over 810 minutes of recorded cooperative discussions. The categories 

that emerged represents an extensive amount of empirical data and thus has breadth 

within the context. Constant comparisons were made at the class level, group level, 

student level, and activity level. Once categories emerged, the data were reassessed 

to confirm the category. Logical linkages exist and are established between the 

categories (discussed in Chapter 4).  

Originality. Originality assesses the contribution of the research. The 

substantive theory for stimulating reflexive discussions represents an original 
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grounded theory concept in socio-critical modeling. Grounded theory studies in 

mathematical education are limited (Teppo, 2015) and this methodology adds to the 

body of qualitative work in the field and specifically in the area of mathematical 

modeling. Furthermore, while there is a growing body of research on socio-critical 

perspective, there has been little research on constituting reflexive discussions in 

practice including challenges for students and teachers as well as the how they 

occur in practice. This study offers original insights on constituting the reflexive 

discussions in practice. The categories offer new insights into the relationship 

between the classroom environment and reflexive discussions, student practices at 

the micro-social level, and the role of values in mathematical modeling activities. 

The concept of unboxing mathematics is interesting, has contemporary analogs, 

and connects mathematics in school with mathematics in the real world in new 

ways.  

Resonance. Charmaz’ (2014) third criteria address the issue of resonance 

which has to do with whether the substantive theory resonates with those with 

experience in the same area. Upon the recommendation of the grounded theory 

expert, an upper-level coding verification assessment (Appendix G) was produced 

for all six core processes. Each assessment presented a definition of the concept 

along with supporting excerpts from the data. Three mathematics instructors and 

the grounded theory expert reviewed these items and provided a grade of how well 

each concept resonated with the provided excerpts. All concepts were rated four or 
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above indicating a high level of resonance except the concept of voicing which was 

rated a two by the grounded theory expert. The expert comments were as follows.  

Most of this I could see according to your definition. Personalizing 

Mathematics and Mathematizing Experiences seem to be touching on the 

same thing to me. What about Personalizing Mathematics Experiences? 

Voicing Mathematics seemed pretty broad. I couldn’t see it clearly in the 

examples. Maybe it was just me. (Personal Communication, Gregory 

Hadley, October 15, 2018) 

The concept of voicing was revisited and redefined to ensure fit and relevance. The 

core concepts that emerged from the data have a broad range and application to the 

studied field as well as other contexts and provides opportunities for further study.  

Usefulness. Charmaz’ (2014) final criteria for sound grounded theory 

studies involves usefulness. Hadley (2017) explains usefulness by posing the 

following questions: “Does the theory aid in planning future actions, in 

understanding the situation, and / or in predicting possible outcomes?” (p. 146). 

One of the purposes of the study was to determine how to stimulate reflexive 

discussions in practice. The explanatory theory does provide a practical process for 

stimulating reflexive discussions during mathematical modeling activities. 

Instructors have a way to organize socio-critical modeling activities that will 

cultivate the production of reflexive discussions. Although the original research 

focused on a tool which was highly structured and had limitations, the substantive 
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theory of unboxing mathematics is far more flexible and applicable than originally 

conceived. While intended to stimulate reflexive discussion about the role of 

mathematics in society, the process identified could be applied to many disciplines 

with further research. For example, the study was conducted in an American 

community college with college algebra students. It is possible to extend this study 

to other countries or grade levels, and even in teacher education programs. or 

across disciplines. For example, since the mathematics skill required in this study 

are not restricted, the study could be conducted in an English class where writing is 

more common. It would be interesting to observe such results.  

Negative Cases. Cases that do not fit the pattern of the substantive theory 

do not invalidate the results of a grounded theory research but may offer alternative 

explanations or provide dimension to the substantive theory and should be analyzed 

if they exist in the data (Corbin & Strauss, 2015). “Looking for the negative case 

provides for a fuller exploration of a concept. A negative case adds richness to 

findings and points out that life is not exact, that there are always exceptions to 

almost any explanation” (Corbin & Strauss, 2015, p. 101). While Corbin and 

Strauss (2015) advocates searching for negative cases, Charmaz (2014) questions 

whether this search may lead to the researcher importing negative cases into the 

research process in under the guise of theoretical sampling and recommends 

defining negative cases in the process of comparative analysis.  
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In this research, negative cases were examined during the comparative 

analysis while determining the dimensions and properties of each concept. While 

developing the concept of personalizing mathematics, there were a few students 

who did not have any personal experience with budgeting or the minimum wage. 

Analyzing these cases, like Jisoo (MG3), added dimension and variation to the 

category. It was through this analysis that creating personal experiences emerged as 

a feature of personalizing mathematics. In this case, for those students who did not 

have personally relevant experience with the modeling task, the modeling activity 

became a personal learning space. Thus, the categories are built on the data 

including cases that do not fit the pattern of the explanatory theory. 

 Another example of what could be considered a negative case is Curlyfry’s 

(WG1) experience. Curlyfry wrote in one of her reflections, “this isn’t math!” On 

the surface, her experience could seem to negate the process of unboxing 

mathematics. However, it is precisely Curlyfry’s response when compared to her 

peers, particularly, her partner Lloyd that prompted the idea that students held 

certain expectations and experiences about mathematics in school and the engaging 

with the MESH tool provided a counter-narrative. It would have been interesting to 

interview Curlyfry in a follow-up interview to gain further insights into her 

experience and perspective. In this research, extreme cases were integrated into the 

development of each concept and the substantive theory is built on the situation that 

was studied.  
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Implications 

Implications relative to theory. Implications relative to theory stems from 

the theoretical framework for the MESH tool. Two key assumptions of the MESH 

tool were: mathematical modeling was defined as a school activity where students 

investigated a real problem from other sciences or everyday life (Barbosa, 2006) 

and self-reflections, reflections, and reactions are key processes necessary to reflect 

on the role of mathematics in society (Skovsmose, 1994). The first theoretical 

implication is related to the definition of socio-critical modeling activities. The 

findings of this research extend Barbosa’s (2006) definition of socio-critical 

modeling activities by requiring investigations that are at a minimum of personal 

relevance to students. Personal relevance creates personal interest which leads to 

passionate debates about the social issue. While this narrowing of modeling 

activities may seem limiting, this is only from the perspective of the teacher who is 

accustomed to being in complete control of the traditional mathematics classroom. 

There is a great diversity of social problems that could be generated from even a 

small group of students. Legitimizing students’ personal experiences may be quite 

liberating. It is this freedom to think and work outside of the mathematics box 

acknowledged by students in this research that has the potential to create openings 

for spontaneous reflections about the role of mathematics in society. 

The second theoretical implication is related to the relationship between 

reflection and action and by extension knowledge transfer to the real world. The 
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purpose of reflection is to react, or make a change (Skovsmose & Greer, 2012) and 

produce critical reflective citizens (Barbosa, 2006). Limitations of this study did 

not allow for the investigation of student actions outside of class in response to 

their reflections in class. However, the research findings support the development 

of students’ reflective competence over the course of the activity within the 

classroom, demonstrated by changes in their initial stance and final stance on the 

social issue. Also, this research supports prior research that mathematics 

knowledge in school is different from mathematics in the real world (De Lange, 

2001). Whether students are able to transfer this reflective knowledge to the real-

world context (for example signing a petition to raise the minimum wage to $15 or 

voting for an increase in the minimum wage) could not be determined. So, while 

constituting reflexive discussions in the classroom is a critical aspect of formulating 

the socio-critical modeling perspective in practice, action must follow reflection to 

be fully realized.  

Implications for teaching. This research began as an attempt to actualize 

the socio-critical modeling perspective in practice in the classroom. There are 

implications for the practical side of teaching and learning. The results of the study 

suggest pedagogical practices for cultivating the classroom environment where 

reflexive discussions are possible. The core concept of unboxing mathematics is 

greatly influenced by students and teachers’ perceptions of mathematics in school 

and mathematics in the real world. It becomes the teachers’ responsibility to guide 
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students as they gently explore and expose these perceptions together. Attitudes 

towards mathematics in school are historical, social, cultural and often taken-for-

granted; making explicit alternative views is a challenge without imposing personal 

beliefs and values on the students (Bishop, 1999). So, once teachers and students 

have settled on a topic for exploration with mathematics, teachers need to unpack 

their own views and perceptions and make a plan for assisting students to do the 

same.  

Writing scripts were useful in this research and may prove useful in 

practice. However, even the best-laid plans can go awry in the complex and 

dynamic environment of the classroom. Thus, these scripts should be used as 

flexible guidelines for organizing classroom discussions. Another way to help 

explore and expose perceptions is to use a social media platform created 

specifically for class discussions. The discussion feature built into most Learning 

Management System may be adequate, but popular platforms may be more 

liberating. The idea is to allow students the flexibility and opportunity to express 

themselves relative to the social issue under investigation without the constraints of 

a ‘traditional’ mathematics class. 

The second implication for teaching is allowing sufficient time for 

exploration especially during the prescribed reflection portion of the investigation. 

A consistent code throughout this research was running out of time. There are two 

issues relating to the allocation of time for socio-critical modeling investigations. 
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The first has to do with creating space in the course schedule and the second has to 

do with the length of the project. Before the start of the semester, I reviewed the 

course outline and eliminated nonessential content and shaved off time from each 

module. This seems to be a less drastic approach than trading essential content for 

modeling activities. If action is the final outcome of socio-critical modeling 

activities, I recommend taking on one modeling activity for semester-long courses 

and engaging students throughout culminating with the determined course of action 

before the end of the semester. Again, this takes tremendous planning on the part of 

the teacher to carve out the time in the course schedule so that the modeling project 

does not overwhelm the student nor get lost in the rudimentary activities of 

teaching and learning of the course content.  

Deciding on the length of the project will depend on the nature of the social 

issue under investigation, the required mathematics competencies needed, and the 

desired outcomes of the project. The key is not to overwhelm students but balance 

students’ interest and obligations. It is clear that stimulating reflexive discussions 

through the process of unboxing mathematics is more amenable to secondary 

classrooms with annual calendars for mathematics courses. The reality of socio-

critical modeling activities is the incredible demands it places on teachers and 

students within the current institutional and political structuring of mathematics 

education. Nonetheless, the intention is to move students forward even 

incrementally in their thinking about the role of mathematics outside of school.  
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Implications for teacher education. The demands of socio-critical 

modeling perspectives and the results of this study brought to the forefront two 

important considerations for teacher education: socio-critical modeling specific 

knowledge and knowledge of the role of values in mathematics education. First, 

before teachers can engage students in a culture of modeling as critic, they 

themselves must experience this culture of modeling as critic in their teacher 

preparation programs. They need to develop their reflective competence to see the 

role of mathematics in society. How does a teacher learn to teach mathematical 

modeling from a socio-critical perspective?   

Current research on pre-service teacher preparedness in mathematical 

modeling, in general, suggest that globally teachers still feel unprepared to assist 

students during modeling activities (Kuntze, Siller & Vogl, 2013; Manouchehri, 

2017; Ng, 2013;). Research using professional learning communities (Mousoulides, 

Nicolaidou, & Evagorou, 2017), teacher reflexivity (Borromeo-Ferri, 2017), 

commognitive perspective (Park, 2017) have been used to develop pre-service 

teacher modeling content knowledge and modeling experiences with success. 

However, since socio-critical modeling perspective, similar to teaching 

mathematics for social justice (Gutstein, 2006), places additional demands for 

“knowledge of the sociopolitical, economic, and cultural-historical workings of 

society…” (p. 207) on teachers, specialized or integrated approaches with a critical 

dimension are needed.  
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The specialized pedagogical knowledge for teaching socio-critical modeling 

should also include knowledge of the role of values in mathematics education 

(Bishop, 1999) and knowledge of the values embedded in mathematical modeling. 

The findings of this research are consistent with the literature that teachers transmit 

values during the teaching and learning process both implicitly and explicitly 

(Bishop, 1999; Seah & Bishop, 2002). Pre-service and in-service teachers need to 

be provided with opportunities to explore their own values and develop knowledge 

of the types of values that should be integrated explicitly within socio-critical 

modeling activities.  

Additionally, this research exposed students to the value-laden nature of 

mathematical models, but research on identifying values embedded in mathematical 

modeling is virtually non-existent. This researched proposed one approach to 

analyzing values in mathematical modeling, but due to time constraints, this 

approach was not utilized fully during the modeling activities. During the data 

analysis, it became evident that a full exploration of values in mathematical 

modeling would have added clarity to the importance of reflexive discussion in 

understanding the role of mathematics in society. Teachers may need to understand 

how these values are embedded in models and their implications to be able to guide 

interactive discussions.  

Overall, teaching socio-critical modeling implies doing socio-critical modeling 

in teacher education programs. The socio-critical modeling perspective in the 
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Brazilian Mathematical Modeling community is well-developed and integrated into 

teacher education programs (Araújo, 2010; Kaiser & Sriraman, 2006; Blomhøj, 

2009) and offers guidance; however, access to some of this informative research is 

limited by language. Research in the broader domain of critical mathematics 

education like teaching mathematics for social justice (Gutstein, 2006) also offers 

some directions. It could seem overwhelming to the want-to-be mathematics 

educator the variety of knowledge bases required to be an effective teacher in a 

technological society. However, it is difficult to imagine how developing the 

desired mathematics literacy in students that produce critical, and reflective citizens 

do not require a critical dimension to teacher education programs.  

Possible Contribution 

The main contribution of this dissertation is the development of a 

substantive theory about stimulating reflexive discussion during modeling 

activities, grounded in empirical data from cooperative modeling activities, 

students’ individual written reflections, pre- and post-surveys. Building on previous 

research in the socio-critical mathematical modeling perspective, the substantive 

theory accounts for students’ actions during modeling activities at the micro-social 

level that promote the presence of reflexive discussions. Stimulating reflexive 

discussion is a nuanced interrelated process dependent on the classroom 

environment and interactions between students and teachers in a flexible, 

collaborative manner. 
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This findings from this research also contribute to pedagogical practices in 

mathematical modeling and to the broader socio-political concerns of mathematics 

education as outlined in curriculum documents globally. First, since modeling is 

defined as a school activity (Barbosa, 2006), the integrative framework and 

concepts of this research provide insights into the necessary classroom conditions 

and a tractable process for stimulating reflexive discussions amenable to classroom 

practice.  

Second, if mathematics literacy develops critical, productive, engaged 

citizens, the mathematics classroom must intentionally prioritize critique and 

reflection. The substantive theory offers one way to re-imagine mathematics in 

school as a culture of modeling as critic and develop students’ critical competence 

over time. Students are provided with opportunities to associate mathematics in 

school with mathematics in the real world in personally meaningful and relevant 

ways.  

Finally, qualitative approaches to mathematical modeling research open 

possibilities and generate new ideas (Barbosa, 2006). While there has been 

significant growth in qualitative research methods in mathematics education, there 

is a dearth of research in the mathematics modeling literature using grounded 

theory as a methodology for inquiry. Thus, this research also makes an important 

contribution to methodological practices in mathematics education and provides 
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Ph.D. students and researchers alike with a model for conducting constructivist 

grounded theory.  

Recommendations for Future Study 

 Taking into consideration the results, limitations, and delimitations of this 

study, I offer several recommendations for further study.  

1. Unboxing Mathematics. The study commenced with a systematic 

approach to stimulating reflexive discussions. However, the resulting 

substantive theory indicates that stimulating reflexive discussions are far 

from rigid and systematic. Similar to refinements of the MESH tool 

after the pilot study, the substantive theory of unboxing mathematics 

represents a further refinement of the MESH tool. Unboxing 

mathematics dispenses of the MESH tool altogether and focuses on 

more flexible, interrelated developmental processes of voicing 

mathematics, personalizing mathematics, challenging mathematics, and 

negotiating mathematics. Thus, the first recommendation is a study of 

the process of unboxing mathematics in practice.  

2. Study population. The study assumed students did not have any 

experience with mathematical modeling of real-world problems, so the 

whole notion of finding a solution to a real-world problem created an 

entire set of conceptual tensions. It would be interesting to expand this 



 

242 
 

study to secondary or tertiary students with well-developed mathematics 

modeling competencies or pre-service mathematics teachers.  

3. Study context. Related to study population is the study context. The 

study was limited to the local community college where the research 

was conducted. Since the result implicates classroom cultures in 

stimulating reflexive discussions, it is difficult to generalize such 

complex contextual conditions which are driven by national, local, 

institutional, and instructional factors. Extending this research to other 

national and international context would add resonance to the 

substantive theory.  

4. Study duration. While the approach to data analysis in this study was 

methodological consistent with grounded theory, there is information to 

be gained from conducting this study over a longer period of time where 

the researcher is not the instructor. Students reflection competence is 

developed over time. I will highlight two possibilities. First, a similar 

study could be conducted over two or three semesters with a cohort of 

students using the same instructor. Identifying a cohort at the tertiary 

level may prove challenging. Secondly, a similar study could be 

conducted at the secondary level over the entire school year where 

several modeling activities are completed. In both scenarios, the 

researcher is able to collect and analyze data iteratively, and students 



 

243 
 

and teachers would have a longer time to adjust to new classroom norms 

important to developing a culture of modeling as critic.  

5. Reaction. Reflection in the socio-critical perspective of mathematical 

modeling implies action. However, during this research, it was not 

possible to observe students’ actions in response to reflecting on the 

social issue. This study could be extended by engaging students in a 

modeling activity where student action becomes part of the research. 

6. Role of mathematics in society. While surveys were open-ended, they 

were restricted by the three roles of mathematics predominant in the 

extant literature and prioritized by the researcher (the role of 

mathematics as a practical tool, the role of mathematics in technological 

and social development, the role of mathematics in citizenship and 

democracy). It would be useful to conduct a completely open-ended 

survey using constructivist grounded theory about students’ 

understanding of the role of mathematics in society from various 

educational contexts. A possible research question could be, how do you 

understand the role of mathematics in society? Since, this is a rather 

large research agenda, a multi-national team of researchers could be 

engaged. On the basis of this study and synthesis of previous research, a 

tool could be developed to measure students’ understanding of the role 

of mathematics in society.  
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Final Remarks 

Finally, one underlying assumption of the substantive theory is that 

“teaching and learning [of mathematics] is not a purely intellectual activity” 

(Skovsmose, 2012, p. 4). Thus, the substantive theory of unboxing mathematics 

aims to emancipate both students and teachers from internal [mathematics in 

school] and external [political, social, cultural] constraints, empowering them to 

become critical, productive, and engaged citizens. 
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Appendix A: Chapter 4 Supplementary Tables  

Table A.1  

Summary of Monday Class Individual Minimum Wage and Initial Stance  

Group Student Minimum 
Wage 

Initial Stance Individual Family 
Composition 

MG1  $16 Increase to 
$16 

Single Mom/3 Children 

 Jerome $12 Increase 
above $15 

Single Dad/3 children 

 Petagaye  DNS Increase to 
$16 

Did not state 

 Sashkia  DNC DNC DNC 
 Billy $12 At least $16 Single Mom/3 children 
MG4  $6.87 DNS Single Mom/1 Child 
 Abigail $14.00 Not to $15; 

slightly 
2 Adults married no 
children both working full-
time 

 Alana $14.25 Increase to 
$15 

2 Adults and 2 Children 

 Keshawn 
Marley 
Toby 

DNCX 
$15.00 
DNS 

DNCX 
Increase 

DNCX 
Single mother with 1 child  

MG3  $31.75  Single Mom/ 2 daughters 
 Jill $23.13 DNS 2 Adults/2 Children 
 Jisoo Lee DNC Did not 

complete 
Did not complete 

 Iconic DNC Did not 
complete 

Did not complete 

MG5  $9.07 DNS 2 Adults/ 1 Child (4-yr old) 
 Irina  $20.31 Did not 

complete 
2 Adults and 3 children (1 
adult works as bank teller) 

 Annabelle $8.05 Increase to a 
fair wage 

2 HS graduates working 
full-time 

 Kennedy $13.75 Increase to 
$15 

2 Adults 2 children (1 adult 
working full time) 

 Alabama DNCX Absent Absent 
Note. DNS=student completed the pre- assignment but did not state; DNC=student did not complete the pre-
assignment but present on first day; DNCX - student did not complete the pre- assignment and absent on day of 
activity. 
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Table A.2 

Summary of Wednesday class group and individual budget and Initial stance (Tech 
Activity-1ABC) 

Group Student Minimum 
Wage 

Initial Stance Individual Family 
Composition 

WG1  $15.00 DNS Single Male 
 Lloyd DNC DNC DNC 
 Curlyfry DNC DNC DNC 
WG2  $15.00 DNS 1 Adult/2 Children; older 

child provides for Mom & 
brother 

 Ricky $20.00 Increase to 
$15 

2 Adults/1 Child (Infant) 

 Skai $10.00 Do not 
increase to 
$15 

1 Adult /Single college 
student living with 
roommates 

 Bankrolls $15.15 DNS 1 Adult/2 Children; older 
child provides for Mom & 
brother 

WG3  $8.20 DNS Single Parent/1 Child (8-
yr old) 

 Mickie $8.82 Increase to 
$15 

1 Adult who lives with a 
roommate 

 Tony $15.00 DNS 1 Adult/1 Child (8 years 
old) 

 Homeslice $8.05 DNS 1 Adult/1 Child 
 Elijah 4 - $15.34 Do not 

increase to 
$15 

1 Adult/1 Child 

WG4  $15.34 DNS Married Couple/3 
Children 

 Elijah $11.00 DNS 1 Adult 1 Child 
 Kaiti $16.67 Increase to 

$15 
1 Adult – Single College 
Student 

 Molly $8.59 Increase but 
not to $15 

1 Adult 1 Child – Single 
Mother working as a 
nurse 

Note. DNS=student completed the pre- assignment but did not state; DNC=student did not complete the pre-
assignment but present on first day; DNCX - student did not complete the pre- assignment and absent on day of 
activity. 
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Table A.3 

Summary of Technological Activity Reports by Class Groups 

Groups Minimum 
Wage (R) 

Minimum 
Wage (C) 

Basic Needs 
Budget (M) 

Criteria Values 

MG1 $16.00 $17.44 $2970 1 A/E/FT 
(160) 

Did not state 

MG3 $30.95 $13.23 $3175 1 A/E/PT 
(120) 

Health / 
Vacations 

MG4 $6.87 $7.80 $2185 2 A/E/FT 
(280) 

Did not state 

MG5 $9.07 $9.07 $2540 2 A/E/FT 
(280) 

Health 

WG1 $15.00 $8.77 $1684 2 A/E/FT 
(192) 

Family/Fun 

WG2 $15.00 $14.33 $2260 1A/E/FT 
(160) 

Did not state 

WG3 $8.20 $9.53 $1525 1A/E/FT 
(160) 

Education/ 
Frugality 

WG4 $15.34 $15.34 $2455 1A/E/FT 
(160) 

Did not State 

Note. MG1 = Monday Class, group 1 etc. WG1= Wednesday class group 1 etc. R=reported minimum wage. 
C=calculated minimum wage based on Basic Needs Budget divided by hours per month. M=monthly. 
A=Adult. E= Employed. FT=full-time. DNS=did not state. Criteria number in parenthesis refers to total hours 
available for work per month. 
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Table A.4 

Summary of Initial and Focused Coding of Individual Reflections 

Activity/ 
Overall Code 

Sample Initial Codes Samples statements 

1AB 
Fumbling in 
the Dark 

Voicing opinions and feeling  
Talking out of their heads 
taking a stance  
Relating personal experience  
Stating position passionately 
advocating 
 

With the current minimum 
wage of $8.05 there is no way 
an individual could support 
themselves alone (Ricky, WG2) 
For people looking to sustain a 
whole family then they should 
look to move up of a profession 
raising it slightly could benefit 
but not fully to $15 per hour 
(Abigail, MG4). 
 

1D/2C/3B 
 
Eye-opening 
 

Sharing Opinions and 
Feelings 
Creating awareness 
Enjoying math class 
Showing various perspectives 
Recognizing complexity of 
the issue 
Getting a sense of reality 
 
 

I thought this activity was 
interesting. The idea of 
calculating how much the 
necessities of basic tools of 
survival was really captivating 
and fun (Toby, MG4). 
 
This was an eye-opening 
activity (Tony, WG3). 
 
The activity was interesting…It 
was also very disappointing to 
see that the predicted wage in 
2015, based on the formula 
derived from the linear model 
for minimum wage was higher 
than the actual minimum wage 
in 2015 (Kaiti, WG4). 
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1E/2D/3C 
 
Developing 
new 
understanding 
 

Making logical arguments 
Having positive experience 
Stating/Supporting position 
Learning (Referencing, 
Influencing) from peers 
Advocating (standing) for 
fairness  
Forming/Sharing own point of 
view  
Being certain  
Developing new 
understanding Getting a sense 
of reality 
Feeling the same way 
 

From my personal budget, I 
realized that I did not factor in 
enough variables such as not 
enough money for food and 
water for the family or 
miscellaneous items (Molly, 
WG4). 
  
In my group we made up a 
family to support the lifestyle 
we wanted which was at least 
$16 per hour. So yes, the 
minimum wage should be 
raised to $15 per hour (Jerome, 
MG1). 
 
No, the minimum wage 
shouldn’t increase to $14 per 
hour. Yes, families will have 
more income to live off… On 
the other hand, job positions 
will be eliminated… (Iconic, 
MG3) 
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Table A.5 
 
Summary of Responses to Reflection Question 1 

 Consequences of the Minimum Wage Models 

 Direct Indirect 

Positive Increase of income (MG4, MG3, 
WG1, WG2) 
More savings (MG4) 
Cannot be paid less than 
minimum wage (MG5) 
More opportunities (WG3) 
Suitable living for 1 person 
(WG3) 
Easy calculate minimum wage 
(WG4) 
 

All jobs offer higher rate (MG4) 
Sets poverty standard (MG5) 
Families have extra money 
(MG3, WG3) 
More money for the government 
(WG1) 
More money to save (WG2) 
Higher minimum wage in future 
years (WG5) 

Negative Loss of jobs (MG4, MG3, WG2) 
Reduction in job benefits (MG4) 
Not enough money (MG5) 
No benefits (WG3) 
Prices go up (WG1, WG2) 
Lower minimum wage (WG5) 
Different results for different 
minimum wage model (WG5) 

Higher cost of living (MG4) 
Less spending will hurt the 
economy (MG5) 
Must work 40 hours (WG3) 
Layoffs (WG1) 
Higher selling prices (WG1) 
Increase unemployment (WG2) 
Restrict growth of minimum 
wage because people do not want 
to deviate from the model (WG5) 
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Appendix B: Pre- and Post- Surveys 

Pre-Survey 

Describe your personal view of the role of mathematics in society by 
answering the following three questions:  
What is the role of mathematics as a practical tool?  
What is the role of mathematics in technological and societal development?  
What is the role of mathematics in promoting citizenship and advancing 
democracy?  

 

Post - Survey 

 

 After completing the modeling activity, describe the role of mathematics in 
society by answering the following three questions:  
What is the role of mathematics as a practical tool?  
What is the role of mathematics in in technological and societal 
development?  
What is the role of mathematics in promoting citizenship and advancing 
democracy?  
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Appendix C: Mathematical Values Descriptors 

Mathematical Value Descriptors 
Values that people may hold toward the role of mathematics in society. Values may 
be related to one’s point of view on the social issue or rationale for their point of 
view.  
Values Definitions 
Pure Scientific Qualities of Mathematics as a pure science discipline to 

which we attribute worth and importance. 
Applied Scientific Relating to applied mathematics in other science 

disciplines or specialized areas of practice to which we 
attribute worth and importance.  

Aesthetic Acknowledging beauty in mathematics; uses one of the 
five senses  

Economic  Specific use of mathematics as a tool to use and exchange 
money, materials, and/or services. 

Ethical / Moral Relating to present and future responsibilities to human 
kind to cultivate a world of equity, dignity, and justice; 
the relationship of mathematics as a pure and applied 
science as well as mathematics education to civilization. 

Political Relating to the functions, activities, policies of 
governments regarding mathematics.  

Practical General use of mathematics as a tool and/or instrument 
for personal use or use in many general areas of social 
practice. 

Technological Relating to mathematics as an essential element of 
technological design in society. 

Educational Relating to the teaching and learning of mathematics. 
Ethnocentric 
/Cultural 

Relating to different ethnic/cultural context and 
perspectives of mathematics as a pure science, the 
application of mathematics, and mathematics education.  
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Appendix D: MESH Activities 

Technological activity. Activity 1A (Individual): Making sense of the 

$15 Minimum wage debate  

Objectives: Recently, there has been a lot of debate about raising the minimum 
wage to $15 nationally. As of January 2015, the minimum wage nationally is $7.25 
per hour and the minimum wage in the state of [state] is $8.05. Please gather 
information to create a monthly budget of your household’s basic needs for 
survival and determine the minimum hourly wage you will need to meet your 
budget. You can choose to organize your household however you wish when 
creating the budget (ex. A single Dad with three children working at Publix etc.). 
Please submit a budget worksheet which should clearly indicate total monthly 
expenses, total monthly income, and minimum hourly wage.  
Data Gathering: Determine your minimum wage. 

a. (Expenses) Based on your situation, develop a monthly household 
budget for expenses. The budget should only include basic needs for 
your survival.  

b. (Income) Based on your situation, determine the necessary monthly 
income you will require to meet your monthly budget before taxes. 
Income should not exceed your expenses. So, if you wish to have 
money for savings, savings should be included in your budget.  

c. (Minimum Hourly Wage) Based on your monthly income and the 
maximum number of hours available for employment during the 
month, determine the minimum hourly wage required to meet your 
basic needs.  
 

MESH Technological Activity 1B: Reflection Guide  
While completing your model of the minimum wage, identify the assumptions, 
criteria, and values used to construct the model.  
  
Modeling Process Assumptions Criteria Values 

 
Journal Reflection 
Based on the activities involved in determining your own minimum wage, briefly 
discuss how you understand the problem of establishing a minimum wage of $15. 
Talk about your current or previous experience with the minimum wage and your 
future career goals. Take a position on whether the minimum wage should be 
increased to $15 per hour. Explain your reason.  
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Technological Activity 1C (Cooperative Group): Making sense of the $15 
Minimum wage  

debate  
Objective: In a cooperative group, based on the individual responses from Activity 
1A, gather information to create a monthly budget and minimum wage as a group. 
Organize the group as a household in any way you wish. Submit a group budget 
worksheet and individually add to your journal reflection.  
Data Gathering: Determine the group monthly household budget. 

a.  (Expenses) Based on individual budgets presented, develop a monthly 
household budget for expenses. The budget should only include basic needs 
for your survival. 

b. (Income) Based on the individual budgets presented, determine the 
necessary monthly income your group will require to meet your monthly 
budget before taxes. Income should not exceed your expenses. So, if you 
wish to have money for savings, savings should be included in your budget.  

c. (Minimum Hourly Wage) Based on the group’s monthly income and the 
maximum number of hours available for employment during the month, 
determine the minimum hourly wage required to meet the group’s basic 
needs.  
 

MESH Technological Activity 1D: Reflection Guide  
While completing the group model of the minimum wage, identify the assumptions, 
criteria, and values used to construct the group model. Use the Mathematics Values 
Descriptor to identify the values.  
  
Modeling 
Process 

Assumptions Criteria Values 

 
Unprompted Reflection: What are your thoughts about the activity? 
 
Journal Reflection: Based on the activities involved in determining the budget and 
minimum wage for the group, discuss how you understand the problem of 
establishing a minimum wage of $15. Talk about any assumptions, criteria, or 
values that were important in determining the minimum wage for the group.  
Include comments about one budget from your peers that significantly influenced 
your position on the minimum wage debate.  
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Mathematical activity. Mathematical Activity 2A: Exploring Models of 

the Minimum Wage (Cooperative Group) 

The state of [state] enacted its minimum wage law in 2005. From 2000-2005, 
[state] used the Federal minimum hourly wage of $5.15. Unlike the national 
minimum wage, the Florida minimum wage is indexed to inflation, however, the 
minimum wage cannot decrease. The table below reflects the minimum wage from 
2005 to 2014 and should be used to complete this activity.    
Year Years since 

2005  
(t) 

[State] 
Minimum 
Wage (W) 

2005 0 6.15  
2006 1 6.40  
2007 2 6.67  
2008 3 6.79  
2009 4 7.21  
2010 5 7.25  
2011 6 7.31  
2012 7 7.67  
2013 8 7.79  
2014 9 7.93  
2015 10 8.05 

 
1.  Determine whether a linear, a quadratic, or an exponential function is the most 

appropriate mathematical model for these data by completing the following:  
a. Create a scatter plot of the data using t and W to investigate graphically 

the type of function represented by the data. State your opinion of the 
best model (linear, quadratic, or exponential) based on the scatter plot.  

 
The data were analyzed using a statistical software (JMP, 2013) and the following 
three functions and figures were produced. Use the equations and figures to answer 
the questions that follow. 
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Linear Equation Model of Minimum Wage Data:   W(t) = 0.196t + 6.235 
Quadratic Equation Model of Minimum Wage Data:   W(t) = −0.0061t2 +
0.1961t + 6.2853 
Exponential Growth Model of Minimum Wage Data:  W( ) = 6.26(1.03)t 
To determine which of the three functions best models the data, consider which 
function will give the best estimate of the minimum wage in years after 2014 from 
the graph below.  

 
 State the function (linear, quadratic or exponential) that best models the minimum 
wage data: 
___________________________________________________________________ 
 
2. Use the equation that best models the data from Part 1 to predict the minimum 

wage for 2015 (t=10).  
 
Predicted Minimum wage in 2015: ________________________ 
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3. How does the predicted minimum wage compare to the actual 2015 minimum 

wage and the minimum wage established by your group and two other groups 
from class? 
 
Predicted Minimum wage in 2015:  ________________________ 
Actual Minimum wage in 2015:        $8.05 
Group Minimum Wage:      ________________________ 
Comparison Group 1 Minimum Wage:   ______________________ 
Comparison Group 2 Minimum Wage:   ______________________ 
 
 

4. According to the best model, how long will it take until the minimum wage 
reaches $15?  
 

MESH Mathematical Activity 2B: Exploring the assumptions, criteria, and 
values of mathematical modeling and applications  
While evaluating various models of the minimum wage, identify the assumptions, 
criteria, and values in each model. Use the Mathematics Values Descriptor to 
identify the values. State whether the assumptions, criteria, or value is explicitly 
stated or implicit.   
Production of 
Modeling Process 

Assumptions Criteria Values 

Group Model 
 
 

 
 
 
 

  

Comparison Group 
1 Model 
 
 

 
 
 
 

  

Comparison Group 
2 Model 
 

 
 
 
 

  

Other Model 
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Unprompted Reflection: What are your thoughts about the activity? 
 
MESH Reflection Activity 2C: Journal Reflection  
Based on the activities involved in examining various models of the minimum 
wage, briefly discuss how different assumptions, criteria, and values impact the 
minimum wage model. Take a final position on whether the minimum wage should 
be increased to $15 per hour. Explain your reason. 
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Reflection activity. MESH Reflection Activity 3A: Exploring the 

consequences of mathematical models and applications  

Think about the assumptions, criteria, and values identified in Activity 1 & 2. State 
the consequences (who benefits and who loses) of the various models of the 
minimum wage as it relates to the three roles of mathematics listed below. Be 
prepared to discuss your responses. When identifying the role of mathematics, the 
following questions may be helpful: 
Role of Mathematics as a Tool: Does this model provide a practical tool? 
Role of Mathematics in Technological and Social Development: Is this model 
instrumental in the design of technology (material, immaterial, cultural technique) 
to deal with the social issue of minimum wage?  
Role of Mathematics in Democracy and Citizenship: Does this model promote 
democracy and citizenship and in what ways?  
 Consequences of 

Modeling 
 

Role of Mathematics in 
Society 

Direct Indirect 

Practical Tool 
 

  

Basis for Technological 
and Social Development  
 
 
 

  

Promotes Citizenship & 
Democracy 
 

  

Unprompted Reflection 3B: What are your thoughts about the activity? 
 
MESH Reflection Activity 3C: Journal Reflection Based on the activities 
involved in determining the minimum wage, briefly discuss role of mathematics in 
establishing a minimum wage of $15 per hour. Take a final position on whether the 
minimum wage should be increased to $15 per hour. Explain your reason.  
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Appendix E: Focal Interview Protocol 

MESH Focal Group Interview 

1. Did the modeling activities (called MESH) help you reflect upon 

mathematics in society?  

2. If you answered “Yes” to No. 1, please discuss the features of the modeling 

activities (called MESH) which help you reflect upon mathematics in 

society.  

3. If you answered “No” to No. 1, please discuss the reasons the modeling 

activities (called MESH) were not effective in helping you reflect upon 

mathematics in society.  

4. How do you think this understanding of the role of mathematics can help 

you as a citizen? 

5. What skills do you think students or ordinary citizens need to understand 

the role of mathematics in society?  

6. Please provide any suggestions on how the modeling activities (called 

MESH) can be improved to help student reflect upon the role of 

mathematics in society.     

Comments / Suggestions 

Please provide comments or suggestions on any aspects of this activity.  
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Appendix F: Coding Sheet  

MESH Pilot Study Coding Sheet 

Code 
ID 

Code Name Code Definition & Examples from Transcripts 

REFL Reflexive 
Discussion  
 

Discussions that evaluate the nature, criteria, and 
consequences of mathematics models and applications; 
evaluation of the consequences of the model in 
question (Barbosa, 2006; Skovsmose, 1994).  
 
Modeling Activity: Construct a budget of basic needs 
and determine your minimum hourly wage to satisfy 
the budget. In this interaction the students are deciding 
what items to include in the budget.  
 
Bob: Phone. [TECH] 
Angel: Is that a necessity? (REFL)  
 
When Bob states that a phone should be included in 
the budget, this is TECH because it talks about 
what should be included in the model. Here the 
model for the minimum wage is based on a basic 
needs budget. When Angel ask is a phone is 
necessary, she is evaluating this criterion which 
begins a reflection on why a phone should be 
considered a basic need.  
 

TECH Technological 
Discussions 
 

Discussions about constructing the model or 
completing the modeling task (Barbosa, 2006; 
Skovsmose, 1994). 
 
Example:  
Angel: Are we paying for water or are we assuming 
that water is included in utility? TECH 
Bob: I put water in the bill because …TECH 
Thor: Wait wait wait, don't separate, let's lump water 
electricity utilities maybe if you want to include cell 
phone on that cause everyone TECH 
 
These lines are TECH because they are discussing 
how the model should be constructed. They 
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evaluated the differences between a model with 
water as a separate item or included in utility. 

MATH Mathematics 
Discussion 
 

Discussions about mathematics procedures and 
concepts (Barbosa, 2006; Skovsmose, 1994).  
 
Example: The students are averaging the group utility 
based on the amounts from their individual budgets.  
 
Thor: I am like two hundred for electricity (MATH) 
Johnathan: one fifty sounds well I guess (MATH) 
Thor: One fifty plus water is seventy that's two twenty 
what else? (MATH) 
 

PARL Parallel 
Discussions 

Discussions that are neither reflexive, mathematical, 
technological; verbal talk of some other type which 
does not influence the model building or stimulate 
mathematical or reflexive discussion because it is not 
heard or ignored (Barbosa, 2006). 
 
Example:  
Bob: I had a hundred and thirty, but I do the budget 
billing through APL. (MATH; PARL) 
Thor: OK 
Angel: Does that really work? PARL 
Bob: Yeah PARL 
Angel: Mines is like one fifty. (MATH) 
 
Notice Bob mentions that she uses budget billing, 
but it does not enter the conversation about the 
model, essentially budget billing is ignored. They 
could have considered it since it would lower their 
overall utility. 

INT# Interaction 
Unit 

A recording/ coding unit of analysis. A system used to 
divide the transcript into distinct conversation. There is 
a starting point and ending point for the topic of 
discussion.    
Example transcript provided previously in the text.   
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Appendix G: Verification of Grounded Theory 

Table G.1  
 
Presence of Contextual Examples of the Concept of Mathematizing Experiences in 
the Pre- and Post-Surveys by Class, Group, and Students. 

Note. PER = Personal; ED = Educational; PRO = Professional; and SC = Socio-
Cultural. “*” indicates student did not complete the activity; “x” indicates student 
completed the activity but did not report experience in that domain. 

  Pre-Survey Post-Survey 
Class Student PER EDUC PRO SC PER EDUC PRO SC 

Monday Class 
MG1 Sashkia ✓  ✓  ✓  ✓  ✓  ✓  x ✓  
 Petagaye ✓  x ✓  ✓  ✓  x ✓  ✓  
 Jerome ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  
MG4 Alana ✓  ✓  ✓  ✓  ✓  x ✓  ✓  
 Toby ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  
 Marley  ✓  ✓  ✓  ✓  x ✓  x ✓  
 Keshawn * * * * ✓  x ✓  ✓  
 Abigail x ✓  ✓  ✓  ✓  ✓  ✓  ✓  
MG3 Jisoo ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  
 Iconic x x x x ✓  ✓  x ✓  
MG5 Kennedy ✓  ✓  x ✓  ✓  ✓  x ✓  
 Irina ✓  ✓  x ✓  ✓  ✓  x ✓  
 Anabelle ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  
 Alabama * * * * ✓  ✓  x ✓  

Wednesday Class 
WG1 Lloyd ✓  x x ✓  ✓  ✓  ✓  ✓  
 Curlyfry ✓  x x ✓  x x x ✓  
WG2 Ricky ✓  x ✓  ✓  ✓  ✓  x ✓  
 Skai ✓  ✓  ✓  ✓  * * * * 
 Bankrolls ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  
WG3 Homeslic

e 
✓  x ✓  ✓  x ✓  ✓  ✓  

 Mickie ✓  ✓  x ✓  ✓  ✓  ✓  ✓  
 Tony S. ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  
WG4 Elijah ✓  ✓  ✓  ✓  ✓  ✓  x ✓  
 Molly ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  
 Kaiti  x ✓  x ✓  ✓  ✓  ✓  ✓  
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The summary in Table G.1 (p. 278) indicates there is no noticeable 

difference between the classes, groups, or, students in the domains in which they 

reported experiences with mathematics. Majority of students identified experiences 

with 

mathematics in their personal lives as well as the larger socio-cultural context. 

While some students did not report experiences with mathematics in some contexts, 

this does not mean a student necessarily lacks experience with mathematics in that 

context. The educational context is a case in point. For the purposes of the 

grounded theory analysis that follows, students reported similar experiences with 

mathematics in society before the start of the research; students were exposed to the 

same process of stimulating reflexive discussions during the research, and students 

reported similar experiences with mathematics in society after the research. 

Interpretations of the students’ actions while engaging in the process of stimulating 

reflexive discussions using the MESH tool forms the basis of the grounded theory 

analysis that  
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Letter of Review from Grounded Theory Expert

 



 

281 
 

Upper- Level Coding Sheets. The expert reviewer reviewed the  

upper-level coding sheets for the six concepts. Based on the definition and excerpts 

presented, he assigned a grade for the level of resonance highlighted in bold. 

Grades range from 1 to 5. A grade of 1 meant the concept did not resonate with the 

excerpt. A grade of 5 meant the concept resonated well with the excerpt. 
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Concept: Personalizing Mathematics 

Personalizing mathematics can be described as stimulating reflexive discussions about mathematics by 
referencing and creating personal experiences as well as applying personal strategies. Personalizing 
mathematics results in a personal realistic understanding of mathematics in the real world. 
 
Jill: Okay, we have to figure out how much the 
mom makes at 30 hours a week and how much 
the daughter makes, say 20 hours a week.  
Iconic: Okay. 
Jisoo: For the daughter she was going to 
work, she's going to get like eight dollars 
an hour and how often would she going to 
work?  
Jill: Let say 20 hours a week.  
Iconic: The daughter works 20 hours a 
week?  
Jill: Yeah. 
Jisoo: Then when you do like the monthly 
expense, you just say that to about four 
weeks in a month?  
Jill: Four weeks. 
Iconic: Then she’s make about this much 
amount if I got that right? 
Jill: Okay. 640 a month.  
Jisoo: Eight dollars an hour. 
Jill:  Okay, she only contributes. 
Jisoo: Half of that would be like 320.  
Jill: Let say she contributes $300 a month.  
Jisoo: Okay. 
Iconic: The daughter? 
Jill: Mm-hmm [Affirmative]. 

Iconic: Okay. 
Jill: Okay, so she contributes 300 a 
month. 
Instructor: Okay guys, let's start to wrap 
up your final numbers… 
Jill: That would be 31-75 minus 300 so 
that’s 28.958. I don't know how much 
money…The mom has to make… $24 an 
hour?  

Jisoo: Okay. But would she’d be able to 
make that on her job?  
Iconic: Yeah. 
Jill: Not really. Never.  You're going to max out 
of it.  I mean, unless she's with some huge 
company… like in Miami or something, I don't 
know, some amazing company but just your 
regular old administrative assistant job it’s going 
to be hard to make that but that’s what our 
numbers come to… 
Jisoo:  Mom makes $23 and 95 cents an 
hour, okay. 
Jill:  And that’s taking out the 300 a 
month that the daughter gives her because 
they need 31-75 to survive. So, if I take 
300 out of that…then this number…the 
daughter has to contribute…the mom has 
to make this number… I can’t explain the 
math.  
Iconic:  No, you're actually explaining it 
well.  You're making it like really realistic 
which is good. 
Jill:  Well this was based really loosely 
off of what we, off what my family is…so 
I was like it’s the only way I knew how to 
do it.  So, I was like, I budget myself, so 
it’s the only way I know how to budget.  
Iconic:  Right. 
Jill:  It’s close numbers.  Nothing exact 
but it’s close to what a normal family 
would, this is a family of four, but still 
with that $4,000, you know what I mean? 
Iconic:  Right 
 

 

Based on the stated definition, to what degree do you agree that this excerpt is an example of 
personalizing mathematics?  

Disagree                                    Agree 
1 2 3 4 5 
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Concept: Challenging Mathematics 

Challenging mathematics can be described as testing students’ experiences with and expectations of 
mathematics against social reality and making reassessments which tended to stimulate reflexive 
discussions about mathematics.  Challenging mathematics includes sub-processes conceptualized as:  
going through the motions, using and exercise and calculator driven approach; hitting bumps in the road, 
encountering problems along the way; unveiling mathematics, learning novel and unexpected 
information; and crying foul, expressing feelings of outrage and disappointment.   

WG3 decided that the linear model was the best model for the minimum wage data presented.  
They proceeded to use this model to make some predictions.  The excerpt picks up their 
discussion at minute 4:46 minutes and ends at minute 11:56. 
 
Tony Shark:  Then it’s either the solid line but 
then this one started to go up, this one starts 
going up.  That one kind of stays straight.  I’m 
going to go, I’m going to still stick with that 
one, with linear model, yup. 
Mickie:  Yeah.  I guess it’s more linear. 
Tony Shark:  So then to solve the linear model 
it’s WT equals point 156, … 
Mickie: [Inaudible 0:05:24].  Which is the …  
Homeslice:  No, my pen, wherever my pen falls 
it’s impossible pick up. 
Mickie:  Okay.  So, let’s do this.  Okay.  So, it 
is linear.  It wants us to solve for 2015.  Yeah.  
So, with our 2015 … so we’re going to .196 
times 10 plus 652. [Calculating] 
Tony Shark: [Calculating] Yeah.  That’s not a 
whole lot. 
Homeslice:  Yeah, all we got to do is plug in 10 
into this freaking equation, right? 
Tony Shark:  Yup. 
Homeslice:  That’s it, what the … I didn’t have 
to look at this crap. 
Tony Shark:  Yeah, but in 2015, $8 and 19 cents 
it’s not like a whole lot. 
Homeslice:  Yeah, it’s really not.  Back in the 
day chicken nugget meals at McDonalds were 
99 cents for 6. 
Tony Shark:  Right.  But you know what that’s 
going to cost you in the future eating that crap? 
Homeslice:  3.21. 
Tony Shark:  Your health, [Inaudible 0:06:43]. 
Homeslice: Before you could eat it and have 
health problems, now you can’t afford it, 3.29 
for 6 chicken nuggets? 
… [They engage is a discussion on raising your 
own chickens to reduce the cost of chicken 
nuggets] 
Tony Shark:  All right.  So, the Florida 
minimum wage now is 8.05 that means it’s only 
going to go up to like to like 8.19 by 2015. 
Mickie:  I got 8.19. 

Tony Shark:  Right.  Yeah.  Let’s try 
exponential model, right?  Which is WT … 
Mickie: [Calculating] Okay.  So, for this one I 
got 8.1… 
Tony Shark: [Calculating] 6.2, 6 times … 03 to 
the 10th power. 
Mickie:  Wait, are you supposed to plug T in on 
the side of W also? 
Tony Shark:  What’s that? 
Mickie:  Do you put the T inside there?  I don’t 
know whether if you’re supposed to put the T 
right there or not … 
Tony Shark:  I don’t think so. 
Mickie: [Calculating] [Inaudible 0:08:45] you 
don’t plug that 10 in and no one would get paid. 
Tony Shark:  And even if you do it 
exponentially it going to be $8 and 41 cents in 
2015 
Mickie:  Where’s …[Calculating] 
Tony Shark:  Hasn’t 2015 already passed? 
Homeslice:  Yeah. 
Tony Shark:  That’s not a prediction. 
[Calculating] So, we got like 8.41 if you do it 
exponentially. 
Homeslice:  Man, I have to redo this whole 
crap…  I’m going to start [inaudible]… 
Mickie:  That’s not going to…[inaudible] … 
either way you take it you’re just broke. 
Homeslice:  Broke and salty, that’s a deadly 
combo. 
Mickie:  Okay.  So, basically our prediction is 
$8 and say 41 cents. 
Tony Shark:  Are we going exponential or are 
we going…it all depends on which one we use. 
Mickie:  Okay.  So, because if you do linear you 
got 8.195 so basically $8.2. 
Tony Shark:  Right. 
Mickie:  And that’s going to be 8.4 so like $8.3.  
So, it’s kind of like a midway because anyway 
you’re still broke, still basically $8. 
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Homeslice:  This would be a lot easier if I 
brought my calculator. 
Tony Shark:  All right.  So, let’s go with linear 
and make it $8 8.195. 
Mickie:  Okay.  How does the predicted 
minimum wage compare with the actual 2015 
minimum wage and the minimum wage 
established by your group and two other groups 
from class? 
Tony Shark:  Just the minimum wage… 
Mickie:  8.195 the actual minimum wage is 
8.05, we’re close.  So, we’re close …we’re not 
that far off. 
Tony Shark:  Well, no, that was the actual, what 
was our group, what’s our [Inaudible 0:11:13] 
group got the other day. 
Mickie:  No, it’s saying like you’re comparing it 
our predicted is close to the actual.  Now we 

have to go to another group and find out what 
they have for their predicted minimum wage. 
Tony Shark:  Right.  But our group minimum 
wage, what did we you say, what did you say it 
was going to be? 
Homeslice:  8.195? 
Tony Shark:  No, no, no.  When we did our 
little exercise? 
Homeslice:  Oh, we said our wage would be 
like … 
Tony Shark:  Minimum wage of our group. 
Mickie:  8.20. 
Tony Shark:  Man, we are right on! 
Mickie:  I know right. 
Tony Shark:  Right, is that our number? 
Mickie:  Yeah, that’s what we said, 8.20.  We 
said we should raise it to 11.05 but we predicted 
it was going to be 8.20. 
Tony Shark:  But do we need 8.20? 

 
Based on the stated definition, to what degree do you agree that this excerpt is an example of challenging 
mathematics?  

Disagree                                    Agree 
1 2 3 4 5 
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Concept: Mathematizing Experiences 

Mathematizing experiences describes students’ process of consistently applying mathematical description 
to their experiences to explain their understanding of the role of mathematics.  Sub-processes of 
mathematizing experiences include referencing experiences, defining mathematics, and struggling with 
mathematics. 

Excerpts from pre- and post-surveys about the role of mathematics in society.     

Referencing Personal Experiences 

We use math every day.  We use it at the supermarket when we check for prices and weigh our 
vegetables. We use math at the gym when we lift weights and we use math when we are driving because 
we have to keep the speed limit and not go over… (Alana, MG4) 

We use math in everyday life when calculating the tip at a restaurant, calculating the 6% tax amount, and 
even calculating how much money is needed for bills (Molly, WG1).  

Defining Mathematics 

Mathematics is a universal language used by all societies (Ricky, WG2) 

Struggling with Mathematics 

I don’t see any reason that mathematics would promote citizenship unless a student was on a school visa 
studying math (Anabelle, MG5). 

As a practical tool math has only shown that it doesn’t really make sense.  I was taught math always has 
one answer and this form of math just creates more questions.  In technological development it helps with 
giving us the this we need and advancing with technology.  I don’t feel math has much of a role in 
promoting citizenship and advancing democracy based of the project (Curlyfry, WG1). 

Based on the stated definition, to what degree do you agree that this excerpt is an example of 
Mathematizing Experiences?  

Disagree                                    Agree 
1 2 3 4 5 
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Concept: Negotiating Mathematics 

Negotiating Mathematics is defined as the constant balancing of experiences with and expectations of 
mathematics which tended to stimulate reflexive discussions about the role of mathematics in society.  
Negotiating mathematics includes sub-processes conceptualized as:  scratching the surface, reflecting on 
a concrete surface level; bashing it out, progressing through productive struggle; and getting deep, 
thinking deeply about mathematics.    

MG3 is discussing the reflection questions. They are answering question 2 of 5 on the reflection 
activity:  What is the role of mathematics in the design of technology (material, immaterial, 
cultural practices) to deal with the minimum wage debate?   
 

Iconic:  …  What is the role of mathematics in 
design of technology?   Thank you [Instructor 
hands student something]. 
Jisoo:  Role of mathematics in the design of 
technology.  What is immaterial? 
Iconic:  Immaterial? 
Jisoo:  Yeah. 
Iconic:  I think it’s like something like that’s not – 
like a material like more like …  And I thought 
for number 2 it should be labor savoring [she 
means saving but says savoring] technology 
because I did see that a lot to as well.  I looked it 
up, I did my research. 
Jisoo:  Yeah, number 2? 
Iconic:  I’m sorry, number 3.  When it says, what 
is the role of mathematics in design of 
technology?  Because I was thinking – because 
labor savoring it would be … don’t want to say 
immaterial maybe I really want to Google this.  I 
think it is immaterial … 
Jisoo:  Let me see if I can find out what that word 
means. 
Iconic:  Yes.  I’m going to look up labor savoring.  
It’s a retro trick making the most [inaudible]. 
Jisoo: Okay. Immaterial apparently means 
unimportant under the circumstances or irrelevant. 
Iconic:  And – okay. Labor savoring is also a real 
thing too because people really do lose their jobs 
over it.  So, would that be considered as 
immaterial or material? 
Jisoo:  This is a different level of thinking I’ve 
ever had to do for math. 
Iconic:  Yeah. 
Jisoo:  And I’ve never had to think this deep about 
math before. 
Iconic: [Laughing] Which is good though because 
you’re learning about your jobs. 

Iconic:  No, this is really good though.  It’s like 
really talking about like being realistic.  I like kind 
of stuff like this, I remember last year my senior 
we talked about like how to do car payments and 
stuff. 
Jisoo Lee:  Man, I never learned that. 
Iconic:  Really?  The APR. That’s like I remember 
my teacher we did that for our car payment so I 
kind of like this.  It’s more like talking about real 
world math which make us keep thinking out the 
box. 
Jisoo Lee:  I always wanted to do it, but I never 
did it.  And then like I didn’t take a math class 
senior year because I finished my math and I was 
just like let me take a break. 
Iconic:  That’s good though I wish I was like that.  
But no, also it wouldn’t be immaterial to as well 
because you’re right.  You’re going to – yeah, 
you’re been right, but I was like let me see again 
because it is quite important though.  So, I will 
say cultural practices because when I think 
material like I think more like materialistic, would 
that be okay, cultural practices? 
Jisoo:  For labor saving? 
Iconic:  Yes. 
Jisoo:  Yes.  So, we can at least have an answer.  
Iconic:  Because labor savoring also means like 
losing a job, people losing their jobs. But the use 
of that.  Yup, labor savoring because they said 
like if the $15 go up, they are thinking about 
doing this like robotic getting deeper into 
technology it will cause labor savoring which 
means people lose their jobs over robots.  Sorry I 
am talking fast.  
Jisoo:  The future is coming soon. 
Iconic:  Yeah.  It’s going to make really some – I 
think I’ll stick to the 8.05.   
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Jisoo: [Laughing] 
Jisoo:  Like they’re going to go to robots because 
they’d want to like save money and  

not pay them if there are too many people, right? 
Iconic:  Yes. 
Jisoo Lee:  I’m proud of us we have answer for 
one of them.   

Iconic:  Answer, yeah! 
Jisoo Lee: It’s progress.  
Iconic:  Okay.  Cultural practices are the role of 
labor savoring technology which … 
Jisoo Lee:  Okay, the next terrifying question is 
how does your model of minimum wage impacts 
social development for prioritizing human need 
especially the poor and developing society?  

Based on the stated definition, to what degree do you agree that this excerpt is an example of negotiating 
mathematics?  

Disagree                                    Agree 
1 2 3 4 5 
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Concept: Mathematizing Experiences 

Mathematizing experiences describes students’ process of consistently applying mathematical description 
to their experiences to explain their understanding of the role of mathematics.  Sub-processes of 
mathematizing experiences include referencing experiences, defining mathematics, and struggling with 
mathematics. 

Excerpts from pre- and post-surveys about the role of mathematics in society.   

Referencing Personal Experiences 

We use math every day.  We use it at the 

supermarket when we check for prices and 

weigh our vegetables. We use math at the gym 

when we lift weights and we use math when we 

are driving because we have to keep the speed 

limit and not go over… (Alana, MG3) 

We use math in everyday life when calculating 

the tip at a restaurant, calculating the 6% tax 

amount, and even calculating how much money 

is needed for bills (Molly, WG1).  

 

Defining Mathematics 

Mathematics is a universal language used by all 

societies (Ricky, WG2) 

 

Struggling with Mathematics 

I don’t see any reason that mathematics would 

promote citizenship unless a student was on a 

school visa studying math (Anabelle, MG5). 

As a practical tool math has only shown that it 

doesn’t really make sense.  I was taught math 

always has one answer and this form of math 

just creates more questions.  In technological 

development it helps with giving us the this we 

need and advancing with technology.  I don’t 

feel math has much of a role in promoting 

citizenship and advancing democracy based of 

the project (Curlyfry, WG1). 

 

 

Based on the stated definition, to what degree do you agree that this excerpt is an example of 
Mathematizing Experiences?  

Disagree                                    Agree 
1 2 3 4 5 
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Concept: Establishing Relevancy 

Establishing relevancy means connecting the role to mathematics to utility in everyday life.   

Contextual Examples of Establishing the Relevancy of Mathematics 

Context Practical Tool Technological and Societal 
Development 

Citizenship and 
Democracy 

Personal Imagine that there were no 
mathematics at all! How 
would it be possible for 
society to count members 
of the family, number of 
students in the class…?  
The society would need to 
count add subtract multiply 
or divide (Iconic, MG3)  
 

Computers have been the 
most relevant with 
mathematical 
development.  (Molly). 
Technology is built using 
math and math is a sign of 
an advanced society 
(Ricky, WG2).  
 

As for advancing 
citizenship and 
democracy, the more 
capable we are as a 
country financially 
more countries will try 
to pick up our way of 
doing things (Jerome, 
MG1).  

Educational There are some websites 
that are there to solve only 
math problems.  Math 
contributes to technological 
development and 
technology helps to do 
math easier (Kennedy, 
MG5) 
 

The role of math in 
technology is to create 
formulas and equations to 
acts as scripts in 
programming … by 
providing precise 
measurement and 
calculations.  (Kaiti, GG4). 
 

Math is also vital to 
intellectual development 
because it works the 
brain to full capacity 
(Marley, MG4). 
 

Professional  Depending on what job or 
profession you are in will 
decide how much math is 
needed…Math is 
important and used in 
practically every 
profession on a daily basis.  
(Anabelle, MG5).  

Math is also used to 
calculate how much is 
taken out of a person’s 
pay due to taxes.  The 
higher a person makes, 
the more will be taken 
out for taxes and vice 
versa (Molly, WG4).  

    
 

Based on the stated definition, to what degree do you agree that this excerpt is an example of establishing 
relevancy?  

Disagree                                    Agree 
1 2 3 4 5 
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Appendix H: Results of Pilot Study 

Pilot Study: testing the MESH tool. Before the theoretically constructed 

tool, MESH, could be used, a pilot study was conducted to develop and refine the 

instrument in practice. The research questions of the pilot were: Does the proposed 

tool MESH stimulate reflexive discussions during modeling as intended? How does 

MESH stimulate reflexive discussions?  

Sample and Ethical Considerations. Purposive sampling was used to 

select students for the pilot. There were five students who were three mathematics 

educators (two male and one female) and two female non-educators. All students 

were fully employed college educated adults between the ages of thirty and fifty-

five. The students were volunteers for the pilot, and all currently earned salaries 

above the state minimum wage.  

Non-student students were selected because it was deemed necessary to first 

test the theoretical conception of MESH with students who had well-developed 

mathematics competencies, some experience with mathematical modeling. 

Mathematics instructors could provide insight into whether MESH is feasible in a 

school setting. A second reason for choosing non-students was related to the social 

issue of increasing the minimum wage. Since critical thinking skills are developed 

over time, working adults who do not make minimum wage may bring insight to 

the use of MESH.  
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The curricular task for the pilot involved determining whether the minimum 

wage in the state of [state] should be raised to $15 per hour. Students engaged in a 

modeling activity using the activities of MESH during a two-hour cooperative 

group activity on the weekend. Each activity was delimited to 30 minutes.  

 Three instruments were developed by the researcher: The tool MESH, a set of 

three activities used during modeling activities; MESH Analysis, a group follow-up 

interview protocol; and a coding sheet. The MESH Analysis consisted of follow-up 

open-ended questions on regarding the activity using the tool MESH. The intent of 

the follow-up interview was to garner feedback on how the different aspects of 

MESH worked and how MESH could be improved for use in the classroom. Each 

of the four activities were audio-recorded and transcribed. Table H.1 (p. 292) 

provides a summary of how MESH was administered in practice during the pilot. 

Content analysis using an a priori coding scheme was used to code the data and 

assess the presence of reflexive discussions and determine how MESH stimulated 

these discussions during the modeling activity.  

Establishing inter-coder agreement and reliability. In order to establish 

inter-coder agreement and reliability, the researcher recruited two mathematics 

education researchers to code the data independently based on the coding sheet.  
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Table H.1 
  
MESH in Practice 

Steps of MESH Activity Activity Objectives Journal Reflection 
Make Sense of 
Modeling 
Process 
Students engage 
in construction of 
a model for the 
minimum wage 

1  
 
 
 

 
 
 
2 

(Before session) Create 
individual budget and 
identify individual 
minimum wage. (Self-
Reflection) 
 
(Cooperative Activity) 
Create a group budget 
and identify group 
minimum wage. 
(Reflection) 

Reflection #1: Briefly 
discuss how you 
understand the 
problem of 
establishing a 
minimum wage of 
$15. State your initial 
stance on the 
minimum wage. 
(Reaction) 
 

Examine the 
criteria, 
assumptions, 
and / or values 
embedded in 
productions of 
the modeling 
process 
Students 
compared their 
model with 
current minimum 
wage model 

3  (Cooperative Activity) 
Identify the best 
mathematical model 
(linear, quadratic or 
exponential) of the 
minimum wage by 
examining the historical 
minimum wage trend. 
Predict the time it would 
take for the minimum 
wage to reach $15. 
(Reflection, Reaction) 

Reflection #3: Talk 
about your 
intermediate stance on 
the minimum wage 
after examining the 
trend in the minimum 
wage data. State 
intermediate stance on 
minimum wage based 
on activity. Discuss 
any changes to initial 
stance (Reaction). 

Scrutinize the 
consequences of 
productions of 
the modeling 
process. 
Students engaged 
in cooperative 
discussion of the 
consequences of 
model 
production.  
 

4 (Cooperative Activity) 
Answer six questions 
about the minimum wage 
based on activities 1, 2 
and 3. (Reflection) 

Reflection #4: Talk 
about the assumptions 
and consequences of 
the group minimum 
wage and historical 
minimum wage 
model. State final 
stance on the 
minimum wage. 
Discuss any changes 
from initial stance 
(Reflection, 
Reaction). 
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The researcher had a training session where the coding was explained, questions 

and clarifications were addressed, and the two coders were provided with an inter-

coder reliability form explaining the research, the coding scheme to record the 

coding and the transcripts.  

According to Campbell et al. (2013), there are three important 

considerations when developing a coding scheme: establishing high inter-coder 

reliability based on sample transcripts, establishing a high level of inter-coder 

agreement where disagreements exists, and applying the coding to the transcripts 

appropriately. They identified two major problems when attempting to establish 

inter-coder agreement and reliability: unitization and discriminant capability of the 

coding sheet. The unitization problems relate to delineating the recording/coding 

units when they are not naturally given, and multiple coders are employed. To 

address the issue of unitization the two coders were not provided with the 

recording/coding units used by the researcher and were asked to identify the 

recording/coding units. This approach was chosen because the sample unit was 

small.  When using a larger sampling unit, i.e. more cooperative groups, 

establishing agreement on unitization together would be more efficient before 

proceeding to coding the entire data set.  

In the present research, unitization was more problematic in the unstructured 

modeling activity, but coders agreed on 80% of nine identified coding units. 

Unitization of both the mathematical and reflexive activity was straight-forward 
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since these activities involved specific questions which were used unanimously by 

both coders to delineate the coding units.    

The issue of discriminant capability has to do with the ease of categorizing 

content based on the coding sheet. In the current research since the coding sheet is 

simple and based on a priori coding scheme using existing theory, there is less 

ambiguity regarding the meaning of codes although labeling the coding units may 

be problematic. To address this issue, the researcher explained the codes to the 

second coder, provided examples from the transcripts, and answered any questions 

to clarify the codes.  

There was overall agreement that the unstructured modeling activity was 

technological in nature and categorizing the mathematical activity as mathematical 

was straight-forward. There was disagreement about initial coding of the reflective 

activity by the second coder. The disagreement was attributable to a systematic 

misunderstanding of the meaning of reflexive and parallel discussions. Once 

clarified by the researcher, there was agreement that the overall activity was 

reflexive in nature. The results of the second coder’s interpretation of the coding 

sheet bolsters the case for establishing inter-coder agreement and resolving 

disagreement on sample sections of the transcripts before coding the entire 

transcript. 

Did the MESH tool produce reflexive discussions as intended? Analysis 

of the three activities that constituted the tool MESH showed evidence of the 
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production of reflexive discussions, but their occurrences was dependent on the 

type of activity. The activity characterized as mathematical where the predominant 

focus was on mathematics procedures produced the least amount of reflexive 

discussions mostly due to the guided reflection question at the end of the activity. 

The activity characterized as technological where the predominant focus was on 

model construction produced some reflections but only half as many as the activity, 

which was reflexive in nature. The analysis of the activities of MESH suggests that 

participant initiated reflexive discussions seem to be more productive than guided 

reflections, however, these discussions were not guaranteed to occur, and students 

tended to engage in more reflection when prompted.    

How did the MESH tool produce reflexive discussions? The key features 

of MESH that contributed to the production of reflexive discussions were the 

guided reflections at the end of each activity as well as the reflection activity. 

Although reflections were produced, they were more concrete and specific and not 

often generalized to the larger issue of the role of mathematics in society. This 

suggests that the activities of MESH facilitate students’ identification of the role of 

mathematics in the activities by providing a means by which they can make the 

connection between the social problem and the role of mathematics. Providing such 

a scaffold is no guarantee that students make that connection. In the context of the 

pilot, the activities of MESH led to reflexive discussions about the role of 
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mathematics modeling and applications in society, which provides them with a tool 

for stimulating reflexive discussion.  

Refinements to the MESH tool. The original conceptualization of MESH 

was reevaluated based on the pilot. First, understanding how criteria, assumptions, 

and values during the modeling process are connected to model production and 

application of the model in society is important to understanding the role of 

mathematics in society. The activities in MESH assumed that students would be 

able to make this connection by completing all the activities, specifically by the 

guided reflections but the data does not support this assumption.  

The first refinement to the MESH was inclusion of a beliefs and values 

assessment of the role of mathematics in society before modeling activities may 

help students better understand the connection between values and model 

production; assist them in articulating the values that guide their criteria in model 

construction; and recognize the importance of context and perspective that’s 

embedded in mathematical modeling and applications in society. A Mathematics 

Value Descriptor was added to the MESH framework discussed in Chapter 2.  

The second refinement suggested by the pilot was using more open-ended 

modeling activity and reflection questions to foster the production of more and 

higher-order reflexive dialogue throughout the activity. The data indicates that 

when students engaged in reflexive discourse at points of impasse in the activity, 

these were self-generating and reflected aspects of the social problem that were 
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important or relevant to the group. Reflections in such situations were more 

authentic and productive as opposed to the guided reflections.  

Finally, the pilot indicated that it was important to understand students’ 

understanding of the role of mathematics before and after using the MESH tool.  

This resulted in adding a fourth research question to the study.  
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