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ABSTRACT
Teachers’ Conceptions of Mathematical Modeling
Heather Gould
The release of the Common Core State Standards for Mathematics in 2010 resulted in a new
focus on mathematical modeling in United States curricula. Mathematical modeling represents a
way of doing and understanding mathematics new to most teachers. The purpose of this study was
to determine the conceptions and misconceptions held by teachers about mathematical models and
modeling in order to aid in the development of teacher education and professional development
programs.
The study used a mixed methods approach. Quantitative data were collected through an
online survey of a large sample of practicing and prospective secondary teachers of mathematics in
the United States. The purpose of this was to gain an understanding of the conceptions held by the
general population of United States secondary mathematics teachers. In particular, basic concepts
of mathematical models, mathematical modeling, and mathematical modeling in education were
analyzed. Qualitative data were obtained from case studies of a small group of mathematics
teachers who had enrolled in professional development which had mathematical models or
modeling as a focus. The purpose of these case studies was to give an illustrative view of teachers
regarding modeling, as well as to gain some understanding of how participating in professional
development affects teachers’ conceptions.
The data showed that US secondary mathematics teachers hold several misconceptions
about models and modeling, particularly regarding aspects of the mathematical modeling process.
Specifically, the majority of teachers do not understand that the mathematical modeling process
always requires making choices and assumptions, and that mathematical modeling situations must
come from real-world scenarios. A large minority of teachers have misconceptions about various
other characteristics of mathematical models and the mathematical modeling process.
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CHAPTER I
INTRODUCTION
Need for the Study
The Common Core State Standards for Mathematics (CCSSM), released in 2010, calls for
mathematical modeling as a “Standard for Mathematical Practice” for all grades, K-12, as well as a
required conceptual category at the high school level (NGACBP & CCSSO, 2010). Anecdotal
evidence indicates that mathematical modeling, however, represents a way of doing and
understanding mathematics new to most teachers. As a result, mathematics teachers in the United
States need to learn about mathematical modeling with an understanding robust enough to be able
to teach and assess mathematical modeling and mathematical models effectively (Niss, Blum, &
Galbraith, 2007). Mathematics teacher educators and mathematics education researchers need to
determine how this knowledge can best be imparted to mathematics teachers. Before this can be
done, however, it is helpful to determine how mathematics teachers understand mathematical
modeling at present and what conceptions or misconceptions they have about mathematical
models and modeling.
Literature that describes teachers’ conceptions and misconceptions of mathematical
modeling is sparse. Most of the literature involving research studies of teachers and mathematical
modeling focuses on the mathematical misconceptions that become evident through the
mathematical modeling process (e.g., Lingefjärd, 2000; Doerr, 2007). Lingefjärd’s 2000 doctoral
dissertation describes many misconceptions about mathematical modeling held by prospective
teachers of mathematics and the natural sciences in Sweden, although the majority of this research
is concerned with how these prospective teachers view mathematical modeling through the lens of
technology. While there is some research, then, on teachers, mathematical modeling, and teachers’
conceptions, it is necessary to understand the current state of US teachers, both prospective and
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practicing, with respect to their understanding of mathematical models and modeling, and in
particular the mathematical modeling process.
Purpose of the Study
The purpose of this study was to determine how middle and high school mathematics
teachers understand mathematical models and modeling and to identify any related
misconceptions they may have. This was achieved through four research questions.
1) How do teachers describe a mathematical model?
2) How do teachers describe the mathematical modeling process?
3) What do teachers believe to be the purpose of mathematical modeling?
4) What are the misconceptions evident in the teachers’ descriptions of mathematical models and
the mathematical modeling process?
The results of this study aim to help developers of teacher education curricula recognize
how teachers understand mathematical modeling, what appropriate conceptions they have and
upon which a foundation can be built, and what misconceptions teachers have that need to be
corrected. It is likely that teachers’ conceptions and misconceptions related to mathematical
models and modeling will be conveyed to their students. Thus, the outcomes of this study have
implications for the preparation of teachers and the education of their students.
Procedures of the Study
This study used a mixed methods approach. There were three major data-collection
methods: online or printed surveys, a mathematical modeling activity, and digital interviews. Each
of these portions was intended to address specific research questions.
Survey responses addressed research questions 1, 2, 3, and 4. These surveys were
dispersed online or on paper, depending on the sub-sample of which the participant is a member.
Two sub-samples of the teacher population were asked to complete the surveys. The first was a
general sample of the population consisting of any prospective or practicing secondary
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mathematics teacher (grades 7-12) in the United States who agreed to complete the survey,
referred to as the “general sample.” The purpose of collecting data from the general sample was to
gain a broad overview of teachers’ understanding of mathematical modeling and models. The
second sample was taken from groups of secondary mathematics teachers enrolled in a
professional development course on mathematical models or modeling, referred to as the
“professional development group.” The professional development group completed the general
sample prior to the beginning of their professional development course (a “pre-course survey”).
They also completed a similar survey upon completion of the professional development course (a
“post-course survey”).
Both surveys collected general information about the teachers’ backgrounds, including the
state in which they teach or plan to teach, their teaching experience, and an identifying code. Both
surveys asked teachers to respond to statements about what they believe to be the purpose of
mathematical modeling, how they describe a mathematical model, how they describe the modeling
process, and curricular issues relating to mathematical modeling. The responses were given on a 5point agreement or frequency scale (along with an option for “don’t know”). The goal of giving the
professional development group pre-course and post-course surveys was to track changes in
conceptions held by secondary mathematics teachers as a result of learning about mathematical
modeling.
Research question 4 was addressed further through a second portion of the study.
Members of the professional development group completed a mathematical modeling activity after
the completion of the professional development course. This activity determined if teachers
understand the modeling process or if their answers to the post-course survey were simply a result
of what had been learned but not yet internalized sufficiently to implement in practice.
Finally, interviews were conducted with members of the professional development group in
order to clarify responses to either the surveys or modeling activities. In addition, the participants
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in the professional development group were encouraged to expand on their thoughts on
mathematical models and modeling not solicited in the surveys and mathematical modeling
activities. These interviews served as qualitative means of collecting information intended to
address research questions 1, 2, 3, and 4.
Pilot Study
A pilot study was conducted in order to gauge the quality of the surveys and the
mathematical modeling activity as well as the amount of time required to complete them. Both
were given to several students in a mathematics education program in a graduate school of
education. At the time of completing the activities, some students had completed at least one
course in mathematical modeling and others had not done so.
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CHAPTER II
LITERATURE REVIEW
Introduction to Mathematical Modeling and Real-World Problem Solving
Mathematical Models and the Modeling Process
There are many different definitions and descriptions of mathematical models, modeling,
and a similar topic, real-world problem solving. (See, e.g., Lege, 2003, which includes various
examples.) Most of these definitions and descriptions are very similar and vary only in small ways.
Examples of the different definitions and descriptions are given here followed by the definition and
description that will be the “working definition/description” throughout the rest of this study, that
given in the Common Core State Standards for Mathematics (CCSSM) (NGACBP & CCSSO, 2010).
A simple definition of a mathematical model given by Pollak (2003), defines a mathematical
model as something “which represents a real-world situation by a mathematical one” (p. 648). As
non-examples of a mathematical model, Pollak describes cases in which real-world objects
represent (model) other real-world objects, real-world objects represent (model) mathematical
objects, and mathematical objects represent (model) other mathematical objects. The essential
feature defining a mathematical model, however, is that it is a mathematical object that represents
(models) a real-world object. Pollak further describes a mathematical model as a real-world
situation and question that have been idealized and then translated into a mathematical
formulation.
Pollak (2003) also gives a simple description of the mathematical modeling process: “the

process of creating, applying, refining, and validating [a mathematical model]” (p. 653). Pollak
provides a more detailed description of the mathematical modeling process, as well. Mathematical
modeling is an eight-step procedure, which, although given below sequentially, is not usually
followed entirely in order by practitioners of mathematical modeling (although it does give a
general idea to the order of steps).
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(1) Identify a question from a real-world situation that needs to be understood.
(2) Identify important aspects of the real-world scenario and the relations among them.
(3) Decide which of the important aspects and relations are the most important; ignore the
rest as not everything can be considered. The scenario is considered to be idealized at
this point.
(4) Translate the idealized version of the real world scenario into a mathematical
description of it; this description is the mathematical model.
(5) Identify the types of mathematics that will be relevant and useful to work with the
mathematical model.
(6) Use mathematical methods to obtain a mathematical result for the mathematical
question.
(7) Translate the mathematical result back to the real world. This translation results in a
theory about the idealized version of the scenario.
(8) Check that the theory makes sense in the real world. If the results are impractical,
unreasonable, or unacceptable, the process must be examined to find what may have
gone wrong and find the cause of this. Then this must be corrected and the process will
start again. When the results are practical, reasonable, and acceptable, they must be
communicated to the necessary parties. (Pollak, 2003)
Niss, Blum, and Galbraith (2007) provide a set of definitions and descriptions that are
relevant to mathematical modeling for non-specialists. In their definition, a mathematical model is
described essentially as an extra-mathematical domain, a mathematical domain, and a mapping
between them. The modeling cycle is the process of (1) identifying and selecting relevant factors
for the situation (including “objects, relations, phenomena, assumptions, questions, etc.”), (2)
translating these relevant factors into the mathematical domain, (3) working with those relevant
factors within the mathematical domain, (4) translating the outcomes of this work back into the
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extra-mathematical domain, (5) interpreting the outcomes in the context of the extra-mathematical
domain, and (6) validating the outcomes in the context of the domain and possibly reiterating the
process until the outcomes make sense in both the mathematical and extra-mathematical domains
(Niss et al., 2007). The extra-mathematical domain includes “another subject or discipline, an area
of practice, a sphere of private or social life, etc.” (p. 3).
In Principles and Standards for School Mathematics (or simply “Principles and Standards”)
(2000), the National Council of Teachers of Mathematics (NCTM) describes a “model” in many
ways: physical materials such as manipulatives, simulations such as being an exemplar for how to
behave in a particular situation, and finally, as being synonymous with “representation” (p. 70).
Specifically, “mathematical model” is defined as “a mathematical representation of the elements
and relationships in an idealized version of a complex phenomenon. Mathematical models can be
used to clarify and interpret the phenomenon and to solve problems” (p. 70). The key features of
this definition are the clear statements that a mathematical model must be a mathematical
representation of a phenomenon and that it must also be an idealized version of said phenomenon.
Despite this clear description of mathematical model, the process of mathematical modeling is not
described nor defined. (This is probably due to favoring mathematical problem solving, a set of
heuristics; see discussion below.)
The definition and description used throughout this study are based upon the CCSSM
(NGACBP & CCSSO, 2010). Within the CCSSM, a model is never defined explicitly; rather, the
modeling process is described and a model is assumed to be the product or result of that process.
There is particular emphasis on the tools used within the modeling process – for example,
“diagrams, two-way tables, graphs, flowcharts, and formulas” (p. 7). These tools along with their
relationship to the practical situation being modeled may be what the CCSSM writers mean when
they refer to a model. The CCSSM writers are more clear about what they mean by the modeling
process. Modeling is defined as “the process of choosing and using appropriate mathematics and

8
statistics to analyze empirical situations, to understand them better, and to improve decisions” (p.
72). The modeling cycle involves six steps:
(1) identifying variables in the situation and selecting those that represent essential
features,
(2) formulating a model by creating and selecting geometric, graphical, tabular,
algebraic, or statistical representations that describe relationships between
variables,
(3) analyzing and performing operations on these relationships to draw
conclusions,
(4) interpreting the results of the mathematics in terms of the original situation,
(5) validating the conclusions by comparing them with the situation, and then either
improving the model or, if it is acceptable,
(6) reporting on the conclusions and the reasoning behind them. (pp. 72-73)
It should be noted that for the purpose of this study, where it may be more appropriate in
most settings to refer to the “modeling cycle,” the “modeling process” will be used instead. This is
to avoid providing the subjects of the study hints about modeling that may lead them to thinking
about modeling in a manner in which they otherwise would not have.
Other Features of Mathematical Models and the Mathematical Modeling Process
There are other features of mathematical models and the mathematical modeling process
that are important to understand but which are not usually mentioned in attempts to define them.
The mathematical modeling process may result in either exact answers or approximations.
Pollak explains that “everyday applications may be either exact or approximate in character”
(Pollak, 1970, p. 312). These everyday applications include mathematical models. The
mathematical modeling process may also result in various, different mathematical models as a
result of various approaches in the model-building process (MAA, 1972, pp. 92-93).
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A model is described in Principles and Standards to be strictly a mathematical
representation (NCTM, 2000, p. 70), and not one that simply has mathematical qualities. However,
Malkevitch indicates that something that has been idealized is a mathematical model because of its
mathematical qualities. For instance, a map is an idealized version of the real world and that short
distances can be measured on it is one example of a mathematical quality it possesses (2012).
Mathematical models can be used for various purposes. One such purpose is to describe a
real-world situation. This is seen in Pollak (2003), in which it is made clear that a mathematical
model is an idealized version of the real world. Another use of a mathematical model is to explain
underlying causes of a real-world situation. For example, this is evident in the history of the
discovery of Neptune. The existence of this planet was first hypothesized “in 1766 Johann Daniel
Titius of Germany noted that the then-known planets formed an orderly progression in mean
distance from the Sun that could be expressed as a simple mathematical equation” (Neptune, 2013).
This mathematical observation, along with the fact that Uranus was periodically not moving in its
mathematically predicted path, meant that there must have been a gravitational force, other than
the ones already known, acting on Uranus. These mathematical models led to the search for the
cause of that gravitational force. The result was the discovery of Neptune (Neptune, 2013). Thus,
mathematical models also can be used to explain the underlying causes in a situation.
Mathematical models and modeling are frequently found in scientific areas, especially
physics. As such, problems from physics often are found in the study of mathematics. The field of
physics has been present in mathematical studies for a long time (Roberts, 1976, p. ix). Making a
note of this presence may prove to be useful in understanding how teachers understand
mathematical models and modeling.
Distinction Between Mathematical Modeling and Mathematical Problem Solving
Some educators have difficulty in discerning the difference between mathematical modeling
and mathematical problem solving. The two are very similar and aspects of problem solving,
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especially “real-world problem solving,” can be found within the mathematical modeling process.
Lesh and Yoon (2007) describe features of mathematical problem solving that distinguish it from
mathematical modeling very nicely. The first of these features is that “the starting point is well
defined” (p. 166). This means that mathematization has usually occurred and other mathematical
interpretations of the situation rarely exist: “the mathematical description of the situation is not
problematic” (p. 166). The second feature is that the purpose of each problem is to arrive at some
mathematical solution, as opposed to mathematical modeling, in which the purpose is to arrive at
some extra-mathematical solution. In fact, the authors explain that in problem solving, it may be
unknown why the answer to the problem is necessary. Finally, “the ‘problem’ is simply to find a set
of legal moves to get from ‘givens’ to ‘goals’ by moving along a path that never needs to leave the
world of mathematics” (p. 166). In contrast, mathematical modeling is described as an endeavor
which often (but not always) exists in extra-mathematical fields, the product of which is not a
simple answer but “a complex artifact or a conceptual tool (such as a spreadsheet with graphs) that
needs to be developed for use in a variety of structurally similar situations” (p. 166-167), and is a
process which moves in cycles.
Zawojewski (2010) describes the difference between problem solving and mathematical
modeling similarly. She adds to the distinction that in a problem solving task, “givens” and “goals”
are unvarying, whereas in mathematical modeling, they are likely to change based on changes to
various different elements of the process, for example, due to a change in assumptions or the
inclusion of a feature deemed to be essential once the process has begun.
Similar differences between modeling and problem solving are given by Pollak (2003). The
process of moving from the real world and into mathematics and moving from mathematics and
into the real world are major steps in mathematical modeling, the first of which (often) helps define
the process, but similar steps are usually absent in problem solving (and other types of applications
problems). Because of the translation between the two worlds, real and mathematical, it is
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necessary for the results of the process to be valid (correct, sensible) in both worlds, as well
(Pollak, 2003). In problem solving (and again, in other applications problems), this is not the case.
Aims of Mathematical Modeling Instruction
It is important to understand the reasons for teaching any subject or topic, and
mathematical modeling is no exception. There is considerable debate in the fields of mathematics,
education, and mathematics education regarding the reasons for teaching modeling – and thus,
from which perspective to teach it. An overview of the debate regarding mathematical modeling is
described here.
Blum (1991) describes the aims of mathematics education, in general, and argues that each
of these aims is supported by, and in some cases only possible through, instruction in mathematical
modeling. The general aims of mathematics education given are to support extra-mathematical
subjects; developing abilities and qualities needed both in mathematics and in extra-mathematical
subjects (for example, the ability to argue logically, the ability to mathematize a problem scenario,
and being willing to use mathematics to solve problems); and to develop a complete picture of
mathematics as a subject and a cultural achievement (p. 15). According to Blum, each of these goals
is achieved through instruction in applications and modeling. In addition, the development of
motivation to learn mathematics and deeper understanding of the mathematical content taught
through applications and modeling are also achieved (p. 18). Finally, Blum states that the inclusion
of applications and modeling provides more “meaning to the learning and teaching of mathematics”
(p. 18), although precisely what is meant by “meaning” is left to the reader to determine.
Galbraith (2007) indicates two possible and not necessarily conflicting perspectives on the
purpose of mathematical modeling in mathematics education: “modelling as a vehicle” and
“modelling as content” (p. 181). The former can be understood as modeling as a means to teach
mathematical content; the latter can be understood as modeling as a subject in its own right.
Galbraith goes on to indicate that while it is possible to incorporate both perspectives in the
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process of teaching mathematical modeling, “it appears that individuals, by and large, appear to
identify themselves with one or the other priority” (p. 181).
An expanded view of the purpose of mathematical modeling in education is given by Niss
(1989). Five answers to the question of why modeling (along with applications, in general) should
be included in curricula at all levels are given. These are to develop problem solving capabilities,
“generate, develop and qualify a critical potential in students towards the use (and misuse) of
mathematics in extra-mathematical contexts,” “prepare students to being able to practice

applications and modelling – in other teaching subjects, as private individuals or citizens, at present
or in the future, or in their future professions,” help students develop a complete picture of the
aspects of mathematics, and develop knowledge and fluency with mathematical content (p. 23-24).
The author clarifies that generating, developing, and qualifying a critical potential in students is
helping students understand the use of mathematics “in an analytical way,” whereas preparing
students to be able to practice modeling is helping students understand the use of mathematics “in
a constructive way” (p. 24). Each of these five arguments has been used to explain why modeling
must be included in mathematics curricula, although some have been emphasized more than
others. In Niss’ opinion, however, the least utilized argument – developing a critical potential
toward the use of mathematics in extra-mathematical fields – is the one that should be given
considerably more attention than it has been. The purpose of mathematics education, in his
opinion, is to help students “become competent, independent individuals in all aspects of their lives,
and not victims in their association with mathematics in society,” especially as mathematics is being
used and needed increasingly in general society. The purpose of mathematical modeling in school
curricula should serve to meet this general purpose of mathematics education. Thus, preparing
students to be able to practice applications and modeling and developing the critical potential in
students to use mathematics outside of the mathematics classroom are the most important reasons
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for including mathematical modeling in school curricula. These two purposes align with Galbraith’s
(2007) “modelling as content” perspective.
A review of the CCSSM reveals both of the perspectives Galbraith (2007) describes. In the
CCSSM, modeling is listed as a standard for mathematical practice and as a high school conceptual
category, indicating the content perspective. The standards listed for modeling as a conceptual
category, however, are exclusively listed in terms of content standards for each of the other high
school conceptual categories, indicating the vehicle perspective. It should be noted, also, that twice
within the high school standards, it is stated that “modeling is best interpreted not as a collection of
isolated topics but rather in relation to other standards” (NGACBP & CCSSO, 2010, p. 57 & p. 73).
This may indicate a more prevalent role of the vehicle perspective, as modeling’s role in the CCSSM
always falls within the context of other mathematical areas and is never given consideration as an
area of study independent of other mathematical areas nor is it considered as a relevant area of
study for extra-mathematical topics.
Mathematical Modeling and Problem Solving in United States Curricula
The release of the CCSSM and adoption by 45 states, the District of Columbia, the American
Samoa Islands, Guam, the Northern Mariana Islands, and the US Virgin Islands (as of March 27,
2013), has brought forth new attention on mathematical modeling. However, problem solving has
been included in various mathematics curricula before the advent of the CCSSM.
Prior to CCSSM’s 2010 release, in 2000 the National Council of Teachers of Mathematics
(NCTM) released a document “intended to be a resource and guide for all who make decisions that
affect the mathematics education of students in prekindergarten through grade 12” (NCTM, 2000,
p. ix), Principles and Standards for School Mathematics. These Principles and Standards have
influenced various state and local curricula since their release. The Principles and Standards are
designed with ten standard areas for each of the four grade bands. Five of these standard areas are
content standards and five are process standards. Problem solving is one of those five process
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standards. Thus, it can be seen that while mathematical modeling has not necessarily been a
specific curricular focal point in US mathematics education, problem solving has been, or in the
least it was intended to be.
Within the Principles and Standards, “problem solving” is defined as “engaging in a task for
which the solution method is not known in advance” (NCTM, 2000, p. 52). While no parallels with
mathematical modeling are drawn specifically, there is evidence within the document that the two
are closely related. For instance, problem solving is described as “not only a goal of learning
mathematics but also a major means of doing so” (NCTM, 2000, p. 52). Also, according to NCTM,
students who engage in mathematical problem solving “should acquire ways of thinking, habits of
persistence and curiosity, and confidence in unfamiliar situations that will serve them well outside
the mathematics classroom” (2000, p. 52). This means one of the results of exposure to problem
solving is the ability to work with real-world (or extra-mathematical) situations effectively. NCTM
recommends that students develop “a broad repertoire” of problem solving heuristics along with
being provided “opportunities to formulate and refine problems because problems that occur in
real settings do not often arrive neatly packaged” (2000, p. 335). In addition, it is stated that
“students need experience in identifying problems and articulating them clearly enough to
determine when they have arrived at solutions” (NCTM, 2000, p. 335).
It is noteworthy that mathematical models, but not the process of modeling, were described
in Principles and Standards, albeit within the process standard “Representation” instead of
“Problem Solving.” “High school students should be able to create and interpret models of morecomplex phenomena… by identifying essential features of a situations and by finding
representations that capture mathematical relationships among those features” (NCTM, 2000, p.
361). This expectation essentially captures steps 1 through 4 of the 6-step CCSSM (2010)
mathematical modeling cycle.
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Mathematical Modeling and Problem Solving in Teacher Education Programs
Niss et al. (2007) indicate that the successful learning of mathematical modeling strongly
relies upon the abilities of the teacher. They conclude that “the inclusion of modelling in teacher
pre-service and in-service education courses must be effectively promoted” (p. 20). This means if a
teacher needs to teach mathematical modeling, they must have educational experiences associated
with modeling. It remains to be determined exactly what knowledge of and types of educational
experiences in modeling with which a teacher or prospective teacher must be equipped, and of
course, what types of knowledge of and educational experiences in modeling a teacher or
prospective teacher already has (Niss et al., 2007).
Lingefärd (2007b) notes that teacher education curricula worldwide occasionally include
mathematical modeling, but when they do, they rarely offer insight into how it can be realized in
such curricula: “the emphasis is mostly on the rhetoric level and does not define the program of
study or the pathways to achieving mathematical modelling standards in teacher education” (p.
475). This issue was discussed at the 14th ICMI study conference in Dortmund, Germany in early
2004. Lingefärd reports that the participants at this conference arrived at the conclusion that in
order for teachers to teach modeling regularly and effectively, they should be provided with the
opportunity to experience mathematical modeling in the course of their own education. This will
provide teachers with knowledge of mathematical models and the mathematical modeling process
and convince them of the value of mathematical modeling in learning. Furthermore, this learning
and these types of experiences should happen over a long period of time as “the relevant knowledge
required of mathematics teachers can not be met as the result of exposure to modelling and
different technological tools in just one generic course in instructional technology” (p. 478).
Lingefärd advocates for mathematical modeling to be present and taught throughout teacher
education within both content and methods courses.
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Mathematical modeling in teacher education curricula is important in helping teachers
teach mathematical modeling, but it is not frequently taught. Lingefärd (2007a) found in a survey
conducted 2003 in Sweden that the vast majority of universities offering courses in teacher
education had no courses including mathematical modeling in the teacher education curricula.
(Note that mathematical modeling had started to appear in Swedish national curricula explicitly for
both compulsory schools and gymnasia more than ten years before this survey was disseminated.)
The two main reasons presented were that “the curriculum was too crowded” and more traditional
topics should be studied first (p. 336). Lingefärd claims, however, that among the reasons for not
offering mathematical modeling, “the underlying argument often showed to be the lack of insight in
mathematical modelling among the faculty staff, the feeling that mathematical modelling by nature
is an interdisciplinary subject, and therefore not ‘real mathematics’” (p. 336). Thus preconceived
notions about mathematical modeling may be what prevent it from being included in teacher
education curricula.
Doerr (2007) describes two studies that sought to determine what knowledge is necessary
for teaching modeling. The first of these studies focused on eight pre-service teachers and their
“knowledge and perceptions of mathematical modelling” (p. 71). The subjects enrolled in a onesemester undergraduate course in mathematical modeling. The goal of this course was to introduce
students to mathematical modeling through building mathematical models. There were three
important findings, two of which are relevant here: first, pre-service mathematics teachers had
major misconceptions about mathematical content – specifically regarding probability – and
second, pre-service teachers had major misconceptions regarding the modeling process –
specifically regarding the cyclic nature of it. As the course progressed, both of these major
misconceptions were resolved as a result of collaboration on the modeling tasks via discussions and
reflections on their work.
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Doerr’s (2007) second study focused on an experienced secondary mathematics teacher
and a particular “teaching episode.” The goal of this study was to determine the pedagogical
techniques required to teach mathematics through modeling. There were two major findings in
this study. The first finding shows “the teacher needs to have a broad and deep understanding of
the diversity of approaches that the students might take” (p. 76). The second finding shows the
importance of adopting a pedagogical technique that is student-centered in which students explain
and justify themselves instead of this being the role of the teacher. According to this study, then, it
would seem that teachers proficient in teaching mathematical modeling are those who are able to
“[put] students in situations where they can interpret, explain, justify, and evaluate the ‘goodness’
of their models” (p. 77).
Research Related to Conceptions and Misconceptions
There is little literature related to teachers’ conceptions or misconceptions with regard to
mathematical modeling. The literature that does touch upon this topic, however, for the most part
indicates that teachers frequently have misconceptions about mathematical content that become
evident in the mathematical modeling process; for instance, Doerr (2007) notes a lack of
understanding of probability concepts which became evident in the modeling process.
In his doctoral dissertation, Lingefjärd (2000) describes several misconceptions held by
prospective teachers in Sweden. The subjects of his study were students planning to become
teachers of mathematics and the natural sciences who were enrolled in a semester-long course on
mathematical modeling that made heavy use of technology in the modeling process. (It should be
made clear that every teacher in the study was studying to teach both mathematics and the natural
sciences, not one or the other.) Lingefjärd’s research was predominantly focused upon the
technological aspect of this mathematical modeling course, although he mentions several
conceptions held about mathematical modeling itself. A major finding from this study is that the
students often failed to validate their models, relying on the results of their technologically-
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formulated models which contradicted reality. This indicates that a major misconception that
teachers may have is that mathematical models, once created, are “infallible,” and do not need to be
tested further.
Lingefjärd (2000) also mentioned some other conceptions/misconceptions held by Swedish
prospective mathematics and natural sciences teachers, along with other gaps in their knowledge of
mathematical modeling. The most dramatic gap found was that more than one third of the students
in his study were unable to define mathematical modeling prior to taking the course on
mathematical modeling. The prospective teachers also did not know how to define mathematical
models. Some defined a model as a description of a mathematical scenario, such as a formula or
graph (p. 99). While this is the same as the CCSSM example of a mathematical model (NGACBP &
CCSSO, 2010), the heart of a model is that it results from a real-world context (see, e.g. Pollak, 2003,
and Niss et al., 2007). A few prospective teachers considered mathematical models to be the same
as mathematical manipulatives, such as a physical fraction model (Lingefjärd, 2000, p. 99).
Some prospective mathematics teachers studied believed that a student should not be
graded on their ability to write about the work they have been doing while modeling. The students
in the course in question, however, were graded “not only on their mathematics but also on their
Swedish, and specifically on argumentation, assumptions, validation, and reflections” (Lingefjärd,
2000, p. 132). They believed a student should only be graded on how they “‘do the mathematics’”
(Lingefjärd, 2000, p. 104). This is in contrast to the modeling process which indicates that the final
step of every modeling scenario is to report one’s conclusions.
Another conception/misconception held by the prospective teachers in Lingefjärd’s study
was that the mathematical model represented reality perfectly – as opposed to approximating it.
This is found in a modeling situation involving a trend line. The student in question believed the
trend line to be something that “actually means something in real life, although [the student] was
the one who put it there” (2000, p. 115). It is unclear, however, whether this misconception is
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rooted in an understanding of mathematical content or in an understanding of a mathematical
model.
Some prospective teachers in Lingefjärd’s study also were uncomfortable with the
requirement that students must use knowledge in a modeling task that comes from outside the
realm of mathematics. One student stated, “‘it’s not fair to ask me for assumptions or knowledge
that lies outside the task’” (2000, p. 132). In modeling, however, it is the case that assumptions
must be made about the situation at hand and these assumptions are not clear from the outset (see,
e.g. Niss et al., 2007).
The prospective teachers in Lingefjärd’s study also believed – at least at the beginning of the
course on mathematical modeling – that answers to questions posed in a mathematics classroom
should always be “limited and exact, and that you should always be certain of when the answer was
reached” (2000, p. 132). Furthermore, some of the prospective mathematics teachers in
Lingefjärd’s study expected mathematics problems to be easy and solved in “an expected length of
time” (2000, p. 138), where it can be understood that this length of time to be expected is fairly
short.
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CHAPTER III
PROCEDURES
The study was completed in two portions, one quantitative and one qualitative. The
quantitative portion consisted of an online survey which was completed by eligible respondents.
The purpose of this portion of the study was to determine what conceptions were about
mathematical modeling by the general population of US secondary mathematics teachers. The
qualitative portion of the study was comprised of four phases. The participants were students in
professional development courses which focused on mathematical models or modeling. In the first
phase, they completed a pre-course survey about mathematical models, mathematical modeling,
and mathematical modeling in education. This was the only phase that did not occur after the
course had concluded. In the second phase, the participants completed a mathematical modeling
activity. In the third phase, they completed a post-course survey. In one case, there was a
participant who participated in two professional development courses; this participant completed a
second post-course survey after the completion of the second course. In the fourth and final phase,
the participants were interviewed via various forms of electronic communication in order to clarify
findings from the first three phases and to help gain an understanding of each participant’s
conceptions of mathematical models and modeling that may not have been included in the initial
phases. The purpose of this portion of the study was to determine what, if any, influence
participating in a professional development course focusing on mathematical models or modeling
has on teachers’ conceptions of mathematical models and the mathematical modeling process.
Respondents and Participants
Eligibility Requirements for Respondents in General Sample
To be eligible to participate, respondents for the online, quantitative portion of the study
had to match each of three criteria, the first of which was the potential respondent had to be a
practicing or prospective mathematics teacher. Respondents were allowed who taught or were
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qualified to teach in other subjects, but teaching mathematics was the minimum requirement.
Prospective mathematics teachers were defined as anyone with a self-described intention to teach
and who, at minimum, were enrolled in an academic program with the potential to lead to teaching.
The second criterion was the potential respondent had to teach or had to be planning to
teach in grades 7 through 12. The main impetus of the research came from CCSSM mathematical
modeling in the high school, so it is clear why grades 9 through 12 teachers were included in the set
of eligible respondents. Grades 7 and 8 teachers were included as these teachers form the “bridge”
to the high school and theoretically should be heavily involved in preparing students to participate
in modeling activities in the high school. In some districts, teachers of grades 7 and 8 may even
teach high school level mathematics courses to advanced students, and thus they have just as large
a responsibility to teach mathematical modeling as their counterparts in the high school.
Furthermore, since mathematical modeling is included as a standard for mathematical practice for
all grades, the ideas and concepts surrounding mathematical modeling are relevant to all teachers.
The third and final criterion for eligibility to be a respondent was that the practicing or
prospective teacher must have been teaching or be planning to teach in the United States or its
territories. This is because the research is related specifically to the CCSSM which is only relevant
within the United States and its territories. It should be noted that while not every state and
territory has adopted the Common Core State Standards, respondents from all states and territories
were eligible to participate. This inclusion helped determine what progress, if any, was made in
helping teachers understand the new curriculum they will be required to teach.
Eligibility Requirements for Participants in Professional Development Group
To be eligible to participate, participants for the qualitative portion of the study had to
match each of four criteria. The first criterion was that the potential participant must be enrolled in
some form of professional development involving mathematical models or modeling. The second,
third, and fourth criteria were identical to those for the online respondents in the general sample:
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the potential participant must have been a practicing or prospective teacher of mathematics for
grades 7 through 12 in the United States or its territories.
Recruitment of Respondents in the General Sample
The respondents were recruited through several means. Advertisements that included
relevant information and the survey URL were dispersed at conferences of professional
organizations for mathematics teachers. Similar advertisements were also listed on various
different social media sites, also those affiliated with professional organizations for mathematics
teachers. Posts were made on forums for mathematics teachers. A means of distributing
information called “snowballing” was also employed in two ways: first, those given the
advertisements by the researcher were asked by the researcher to pass the information and URL
along to their colleagues after they had responded, and second, some who received the URL from
the researcher posted a request to respond along with relevant information and the URL on blogs
and listservs to which they had access. The latter method can be considered to be a digital form of
“word of mouth.”
It should be noted that the methods used to contact potential respondents relied heavily on
those teachers who are very active in their professional development. Those who attend
professional conferences, those who subscribe to listservs, and those who read blogs intended for
the improvement of teaching mathematics are all likely more informed about current trends in
mathematics education than those who do not participate in any of these activities. Therefore, the
sample was not a random sample of all mathematics teachers in the country.
Recruitment of Participants to the Professional Development Group
In order to recruit participants, instructors of professional development courses involving
mathematical models and modeling were contacted. First, they were asked to confirm that their
course would be focusing on mathematical models or modeling. Upon this confirmation, they were
asked for their permission to recruit from their course. Those who gave favorable responses then
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allowed the researcher 15-20 minutes at the beginning of the course, prior to any instruction, to
explain to the potential participants about the study, what would be required of them if they elected
to participate, participants’ rights, to allow for any questions, and to complete the pre-course
survey. Those who elected not to participate were given an alternative activity which varied
depending on each instructor’s desires.
Instruments
Development of the Online Survey
In addition to successfully obtaining relevant data, the survey instrument was developed to
be quickly and easily completed in an online environment. There were four sections of the survey:
(1) Demographic Information, (2) Mathematical Models, (3) Mathematical Modeling, and (4)
Mathematical Modeling and Education (see Appendix A).
Demographic information.
The purpose of the Demographic Information section was to identify aspects of each
respondent’s background that may have been used to gain insight into how different qualities or
experiences influence one’s understanding of mathematical modeling. The qualities that were
chosen to have import with regard to the research questions were years of experience (given in
time ranges, and in the case of prospective teachers, chosen from when they plan to begin teaching)
and the state or territory in which the respondent teaches or plans to teach. With these categories,
it is possible to determine, for instance, if a highly-experienced mathematics teacher who is
teaching in a non-CCSSM state has a different understanding of mathematical modeling than a
teacher-in-training preparing to teach only mathematics in a CCSSM state. Data were collected such
as the grades one teaches (or plans to teach) and degrees held, and in which subjects, but these data
were not analyzed in this study. Information such as name, contact information, the school district
in which one teaches (or plans to teach), and educational institutions attended was not collected in
order to maintain anonymity.
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Mathematical models.
The purpose of the Mathematical Models section of the online survey was to collect
information about what teachers understand a mathematical model to be. It consisted of six
statements along with a five-point agreement scale (“completely disagree” though “completely
agree”) and an option for “don’t know.” Note that the scale format was used, but it was interpreted
at the nominal level in this study. Respondents were asked to choose the option that best matches
their opinion regarding the statement. Each statement was written as a simple description of what
a mathematical model “can be.” In several cases, examples were provided to clarify the intended
meaning of the statement. Responses that indicated a correct understanding of the topic (those
which agree with true statements and which disagree with false statements) were justified through
a literature review and a consensus among experts in mathematical models and modeling.
The first statement in the Mathematical Models section was “Mathematical models can be
physical manipulatives, for example, fraction tiles, pattern blocks, or three-dimensional solids (like
cubes, octahedra, and other polyhedra).” Pollak (2003) indicates that these may not be
mathematical models because they are real-world objects that represent mathematical ones. This
is the reverse of a mathematical model. Any level of disagreement here was considered a correct
conception.
The second statement in the Mathematical Models section was “Mathematical models can
be equations or formulas, for example, a quadratic equation or d = rt, the distance-rate formula.”
The third statement in the Mathematical Models section was “Mathematical models can be visual
representations such as a graph in the Cartesian plane or the real number line.” Within the CCSSM,
examples of what are assumed to be mathematical models are listed. One such example is
“formulas” and another is “graphs” (NGACBP & CCSSO, 2010, p. 7). Responses which indicate
agreement were considered to be correct for both statements.
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The fourth statement in the Mathematical Models section was “Mathematical models can be
visual representations such as a scaled map of the county or an architectural blueprint.” There is no
single correct answer to this statement based on the literature. This is because the literature
conflicts regarding these potential models. On the one hand, in Principles and Standards,
mathematical models are defined strictly as “mathematical representations of the elements and
relationships in an idealized version of a complex phenomenon” (NCTM, 2000, p. 70). Since the
representations must be mathematical, maps or blueprints cannot qualify as mathematical models.
On the other hand, Malkevitch (2012) argues that since on a map, distances can be measured fairly
accurately, for instance, a map does qualify as a mathematical model. Responses to this question
were not be deemed to be correct nor incorrect. Instead, teachers’ tendencies in responses were
explored.
The fifth statement in the Mathematical Models section was “Mathematical models can be
used to describe or summarize a given situation in compact form,” and the sixth statement was
“Mathematical models can be used to explain the underlying causes in a given situation.” In
Principles and Standards, it is stated that “Mathematical models can be used to clarify and interpret
[a] phenomenon” (NCTM, 2000, p. 70). This means that they can both describe a phenomenon or
explain why the phenomenon is occurring. For both statements, agreement was considered
correct.
Mathematical modeling.
The purpose of the Mathematical Modeling section of the online survey was to collect
information about what teachers understand to be the characteristics of the mathematical modeling
process. It consisted of eight statements along with a five-point frequency scale (“never” through
“always”) and an option for “don’t know.” Note that the scale format was used, but it was
interpreted at the nominal level in this study. Respondents were asked to choose the option that
best matches their personal estimation of how frequently a particular characteristic is part of the
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mathematical modeling process. Responses that indicated a correct understanding of mathematical
modeling were validated through a literature review and a consensus among experts in
mathematical models and modeling. Expert estimation was particularly important. Four of the
eight statements do not have strictly correct responses as they are based on experience with the
mathematical modeling process.
The first statement in the Mathematical Modeling section was “Repeating steps is part of the
mathematical modeling process,” the sixth statement was “The mathematical modeling process
involves making revisions,” the seventh statement was “The mathematical modeling process results
in an exact answer or exact answers,” and the eighth statement was “A mathematical modeling
situation can result in various, different mathematical models.” The CCSSM (NGACBP & CCSSO,
2010), Pollak (2003), and Niss et al. (2007) each indicate that repeating steps and making revisions
may or may not be necessary based on the results of the first time through the process. This means
that responses of “never” or “always” were considered to represent incorrect conceptions for both
statements. Pollak (1970) explains that the mathematical modeling process may result in either
approximate or exact results. Thus, responses of “never” or “always” were considered to represent
incorrect conceptions. Doerr (2007) mentioned that students may take various, different
approaches in proceeding through the mathematical modeling process. This implies that it is
possible for the mathematical modeling process to result in different models. This implication is
confirmed by the MAA (1972, pp. 92-93). The frequency with which different mathematical models
may result is unclear and is based on experience. However, since this is a possibility, responses that
indicated that this may “never” happen were considered incorrect.
The second statement in the Mathematical Modeling section of the survey was
“Mathematical modeling situations come from ‘whimsical’ or unrealistic scenarios.” Niss et al.
(2007) and Pollak (2003) both indicate that the mathematical modeling process comes from the
real or extra-mathematical world. The mathematical modeling process may not, by these
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definitions, come from unrealistic scenarios. Thus, only those responses that indicated “never”
were considered to be representative of correct conceptions.
The third statement in the Mathematical Modeling section was “The mathematical modeling
process involves making choices,” the fourth was “The mathematical modeling process involves
making assumptions,” and the fifth was “The mathematical modeling process involves determining
if a solution makes sense in terms of the original situation.” The CCSSM states that making choices
and checking if the results make sense in terms of the original situation are part of the modeling
process in its six step procedure (NGACBP & CCSSO, 2010, p. 72-73). Niss et al. (2007) and Pollak
(2003) also confirm this. Niss et al. (2007) clearly confirms that assumptions must be made. For
each of these statements, responses that indicated these are “always” part of the mathematical
modeling process were considered to represent correct conceptions.
Mathematical modeling and education.
The purpose of the final section of the survey, Mathematical Modeling and Education, was to
collect information on how teachers understand the role and use of mathematical modeling in the
classroom. It consisted of six statements related to why mathematical modeling is in the
curriculum and what its uses are along with a five-point agreement scale and an option for “don’t
know.” Note that the scale format was used, but it was interpreted at the nominal level in this
study. Respondents were asked to choose the option that best matches their opinion for each
statement. While these responses can have no truly correct answer, the tendencies in the
responses can help give insight into the motivations for including mathematical modeling in the
classroom. This in turn gives insight into what may be emphasized in a modeling classroom and
what may be understated.
There were two statements in the Mathematical Modeling and Education section of the
survey that were aimed at determining teachers’ agreement that curricular standards were written
with the purpose of students learning modeling for the sake of modeling, the “modelling as content”
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perspective, as given by Galbraith (2007). These statements were “Mathematical modeling is
included in curricular standards so that students learn to use mathematics in their daily lives,” and
“Mathematical modeling is included in curricular standards so that students learn how to use
mathematics in school subjects besides mathematics.” Note that the first of these statements refers
to the use of mathematical modeling outside of school while the second refers to the use of
mathematical modeling within school, but not in mathematics class.
Another two statements were aimed at determining teachers’ agreement that curricular
standards were written with the purpose of students learning modeling for the sake of learning
mathematical content, the “modelling as vehicle” perspective, as given by Galbraith (2007). These
statements were “Mathematical modeling is included in curricular standards so that students learn
how to apply the mathematics they are learning,” and “Mathematical modeling is included in
curricular standards so that students learn how to think mathematically.”
Finally, another two statements were aimed at determining if teachers themselves believe
modeling to be useful in the study of other school subjects. The first of these statements was
“Mathematical modeling is useful in helping students develop a deeper understanding of
phenomena in the sciences,” and “Mathematical modeling is useful in helping students develop a
deeper understanding of phenomena in the humanities (for example, languages, literature, history,
the arts, and social sciences).”
Pilot Study
The survey utilized in the online portion of the study was piloted with a small group (n = 4)
of graduate students in education, each of whom was also a mathematics teacher or lecturer, in
order to ensure clarity in the statements, consistency in answers over a period of time (during
which no treatment or intervention had taken place), and to provide a realistic expectation for the
length of time it would take to complete the survey. The participants in the pilot study did not
complete the survey online; instead they were given a paper version. They made recommendations
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as to how the wording of each statement could be made clearer, although no major revisions were
necessary between the first and second (final) drafts. They completed a revised survey after a
period of at least two weeks. Upon filling out the second draft, they were instructed not to try to
remember their previous responses and respond to each statement as they understood it at the
time of the second round. The pilot study showed that consistency over time was acceptable and
the slightly revised (and eventually final) draft was clearly written and understandable.
Development of the Mathematical Modeling Activity
The mathematical modeling activity asked participants to estimate the speed of a passing
vehicle based on the speed of the vehicle in which they were being driven (see Appendix B). They
were told to imagine they counted the number of seconds between when the passing vehicle passed
their car and when it reached a landmark ahead and to use this information to estimate the speed of
the passing car. Then, several modifications were posed which asked the participant to revise the
model based on new sets of parameters, such as beginning to count the time it takes the vehicle to
reach the landmark after it had already passed their car, and not using a landmark and instead
using a known length of a passing tractor-trailer.
Analysis of Data from Online Survey
The conceptions about mathematical models and modeling studied here in some cases have
objective responses (meaning responses can be either strictly correct or incorrect), in some cases
have responses based on experience (meaning there are no strict correct or incorrect responses,
but they may be approximately in line with expert opinion), and in some cases are based solely on
personal opinion, so the majority of the data analysis of the online responses was exploratory in
nature. The overall purpose of the research was to provide a preliminary foundation for
understanding how teachers themselves describe their own conceptions of mathematical models
and modeling, so descriptive statistics and an explanation of them were used. Where possible,
between-group analyses were performed in order to determine if any distinctions exist between
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different groups in the sample. Specifically, the groups considered were CCSSM state teachers
versus non-CCSSM state teachers and teachers with at least 5 years of experience versus teachers
with less than 5 years of experience, including prospective teachers.
Analysis of Data from Case Studies
The data collected from the professional development group were intended first to
determine if and how participation in a professional development course may change teachers’
conceptions of mathematical models and modeling, and second to help provide a complete view of
how teachers think about mathematical modeling. For each participant, the pre-course survey
responses were evaluated first and compared to the general sample in order to indicate how well
each participant understood models and modeling prior to participating in professional
development on the topic. Then, the post-course surveys were compared to each participant’s precourse surveys to determine if and how conceptions changed. A change from an answer of “don’t
know” to any other answer and any change of two or more steps in either direction on the
agreement and frequency scales were considered major changes in conceptions. The second postcourse survey for the single participant who participated in two professional development courses
was then analyzed compared to the first post-course survey. Third, when available, each
participant’s mathematical modeling activity was analyzed for consistency with the responses given
on the post-course survey. The main focus in the analyses of the modeling activities was on
contradictions between survey responses and the actual way in which the teachers proceeded
through the mathematical modeling process. This helped identify what conceptions had been
learned but not yet internalized in the teacher’s knowledge-base about models and modeling.
Finally, participants were interviewed through various means of communication, specifically
electronic means such as e-mail and internet phone calls, in order to clarify findings from the
previous steps. Over the course of the interviews, the participating teachers were asked additional
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questions as they arose in order to gain a more complete picture of the teacher’s views on models
and modeling beyond what was included in the previous steps.
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CHAPTER IV
RESULTS AND COMMENTS
General Sample Population
There were 274 practicing and prospective teachers who responded to the online survey,
which consisted of 20 statements on mathematical models and modeling. The respondents tended
to be very experienced teachers. Of the 274 respondents, 127 (46.4%) had at least ten years of
teaching experience, 58 (21.2%) had at least five years but less than ten years of teaching
experience, 69 (25.2%) were practicing teachers with less than five years of teaching experience,
14 (5.1%) were prospective teachers planning to begin teaching before the beginning of the 20142015 school year, and 6 (2.2%) were planning to begin teaching after the beginning of the 20142015 school year. Of the 274 respondents, 238 (86.9%) taught or planned to teach in a state or
territory which has adopted the CCSSM, and 36 (13.1%) taught or planned to teach in a state or
territory which has not adopted the CCSSM. There were 35 states and one territory represented in
the general sample. The state in which the largest portion of respondents taught or planned to
teach was New York State, with 47 total respondents (17.2% of the general sample).
The general sample does not constitute a random sample. Teachers were recruited from
professional conferences and from websites and listservs intended for use by mathematics
teachers. The teachers in the general sample, then, represent teachers who can be considered to be
better informed than the typical mathematics teacher in the United States.
In comparing subgroups of the general sample, experienced teachers were labeled as those
who had at least five years of teaching experience and inexperienced teachers were labeled as
prospective teachers along with practicing teachers with less than five years of experience.
Teachers from CCSSM states or territories were those who indicated that they taught or planned to
teach in a state or territory which has adopted the CCSSM. Teachers from non-CCSSM states or
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territories were those who indicated that they taught or planned to teach in a US state or territory
which has not adopted the CCSSM.
Mathematical Models
Mathematical models are described by Pollak (2003) as representations of real-world
objects with mathematical objects. Their purpose is to help understand real-world situations. In
Principles and Standards (NCTM, 2000), it is stated that a mathematical model must be a
mathematical representation of a real-world situation which has first been idealized and then
mathematized. In the CCSSM (NGACBP & CCSSO, 2010), a mathematical model is not defined
explicitly, although examples such as “diagrams, two-way tables, graphs, flowcharts, and formulas”
(p. 7) paired with the real-world situation which these are meant to describe seem to be indicative
of the types of mathematical representations that the authors had in mind when developing the
standards.
The first section of the online survey was intended to help gain insight into how well
teachers understand basic concepts regarding mathematical models. For the most part, the
majority of the respondents had correct or generally accepted understandings of mathematical
models; however, in many cases, sizeable minorities did not.
According to Principles and Standards (NCTM, 2000, p. 70) and experts, physical
manipulatives do not qualify as mathematical models. As seen in Table 1, of the general sample,
only 6.9% disagreed with the idea that physical manipulatives may be considered a mathematical
model while 89.4% of the general sample agreed that physical manipulatives could be a
mathematical model. This represents a major misconception among secondary mathematics
teachers in the United States. While physical manipulatives are indeed models in one sense of the
word, and they have inherent mathematical qualities, they fail to be mathematical models as they
are not “something that represents a real-world situation with a mathematical one” (Pollak, 2003,
p. 648). Instead, they are real-world objects that represent mathematical ones. Using physical
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Table 1. Responses to “Mathematical models can be physical manipulatives, for example, fraction
tiles, pattern blocks, or three-dimensional solids (like cubes, octahedra, and other polyhedra).”

%
(n)

Completely
Disagree
3.6
(10)

Somewhat
Disagree
3.3
(9)

Neither
Agree Nor
Disagree
2.6
(7)

Somewhat
Agree
17.2
(47)

Completely
Agree
72.3
(198)

Don’t
Know
1.1
(3)

TOTAL
100.0
(274)

manipulatives can be helpful in the course of mathematical modeling, however, they are not
idealized and then mathematized representations of the real world.
In comparing subgroups as shown in Table 2, it becomes clear that experienced teachers
and teachers in CCSSM states and territories understand that mathematical models cannot be
physical manipulatives better than inexperienced teachers and teachers in non-CCSSM states and
territories, respectively. Of the experienced teachers, 9.2% correctly disagreed to some extent that
mathematical models can be physical manipulatives, whereas just 2.2% of inexperienced teachers
disagreed; further, no inexperienced teacher completely disagreed. Of the teachers in CCSSM states
and territories, 8.0% correctly disagreed to some extent while every teacher in non-CCSSM states
or territories incorrectly agreed to some extent.
It is generally agreed upon that mathematical models can be equations or formulas. For
instance, many equations used in physics are the result of the mathematical process. They
represent a real-world phenomenon approximately but not exactly due to the modeling process in
which assumptions are made and the real-world situation is idealized. For instance, the formula for
force, F = ma (F = force, m = mass, a = acceleration), is given under the assumption that there is no
other force, such as friction or air resistance, acting on the object in question. Many other formulas
found in physics assume frictionless environments or vacuums. These formulas, then, are idealized
and mathematized versions of the real world, therefore they are indeed mathematical models. The
teachers in the general sample generally agreed with this description of a possible mathematical
model (see Table 3).
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Table 2. Responses to “Mathematical models can be physical manipulatives, for example, fraction
tiles, pattern blocks, or three-dimensional solids (like cubes, octahedra, and other polyhedra),” split
by subgroup.
Experienced
Teachers
(N=185)

Inexperienced
Teachers
(N=89)
%
%
5.4
0.0
3.8
2.2

Completely Disagree
Somewhat Disagree
Neither Agree Nor
Disagree
Somewhat Agree
Completely Agree
Don’t Know
TOTAL

CCSSM
State/Territory
Teachers
(N=238)
%
4.2
3.8

Non-CCSSM
State/Territory
Teachers
(N=36)
%
0.0
0.0

3.2

1.1

2.9

0.0

15.7
70.8
1.1
100.0

20.2
75.3
1.1
100.0

18.1
69.7
1.3
100.0

11.1
88.9
0.0
100.0

Table 3. Responses to “Mathematical models can be equations or formulas, for example, a quadratic
equation or d = rt, the distance-rate formula.”

%
(n)

Completely
Disagree
2.6
(7)

Somewhat
Disagree
4.0
(11)

Neither
Agree Nor
Disagree
1.8
(5)

Somewhat
Agree
16.8
(46)

Completely
Agree
74.1
(203)

Don’t
Know
0.7
(2)

TOTAL
100.0
(274)

It should be noted, however, that nearly 10% of the general sample did not agree, neither
“somewhat” nor “completely,” that mathematical models can be equations or formulas. Thus, while
this does not represent a major misconception, there is a possible misconception among some
teachers regarding this topic.
In comparing subgroups as shown in Table 4, it is seen that inexperienced teachers and
teachers in non-CCSSM states and territories understand better that mathematical models can be
equations and formulas than experienced teachers and teachers in CCSSM states and territories,
respectively. The portion of inexperienced teachers who correctly agreed was 94.4% while the
portion of experienced teachers who correctly agreed was just 89.2%. The reasons behind this
slight discrepancy is not verifiable through the present study; one possible reason, however, may
be that inexperienced teachers have had some more instruction specifically in CCSSM modeling
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Table 4. Responses to “Mathematical models can be equations or formulas, for example, a quadratic
equation or d = rt, the distance-rate formula,” split by subgroup.
Experienced
Teachers
(N=185)
Completely Disagree
Somewhat Disagree
Neither Agree Nor
Disagree
Somewhat Agree
Completely Agree
Don’t Know
TOTAL

Inexperienced
Teachers
(N=89)
%
%
3.2
1.1
4.9
2.2

CCSSM
State/Territory
Teachers
(N=238)
%
2.9
4.2

Non-CCSSM
State/Territory
Teachers
(N=36)
%
0.0
2.8

2.2

1.1

2.1

0.0

12.4
76.8
0.5
100.0

25.8
68.5
1.1
100.0

16.8
73.1
0.8
100.0

16.7
80.6
0.0
100.0

compared to their experienced peers, as the CCSSM mentions formulas explicitly. Of the CCSSM
state or territory teachers, 89.9% correctly agreed, but of the non-CCSSM state or territory
teachers, 97.2% correctly agreed. It is unclear why teachers in non-CCSSM states would claim an
advantage in correct conceptions.
Visual representations such as graphs in the Cartesian plane or the real number line are
mathematical models, given that they are created as a result of idealization of the real world. As is
seen in Table 5, nearly 95% of the general sample indicated some degree of agreement with this
idea, which points to a generally correct conception that this type of mathematical object can be a
mathematical model. Although the difference is not dramatic, about 75% of the general sample
indicated that they completely agree that mathematical models can be formulas and equations
while 80% of the general sample indicated that they completely agree that mathematical models
can be visual representations such as graphs. Given how frequently equations are graphed in high
school mathematics curricula, this difference of opinion may be explored further.
In comparing subgroups as shown in Table 6, it can be seen that there is virtually no
difference between experienced and inexperienced teachers regarding their understanding that
mathematical models can be visual representations such as graphs or the real number line.
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Table 5. Responses to “Mathematical models can be visual representations such as a graph in the
Cartesian plane or the real number line.”

%
(n)

Completely
Disagree
2.6
(7)

Somewhat
Disagree
1.8
(5)

Neither
Agree Nor
Disagree
0.7
(2)

Somewhat
Agree
14.2
(39)

Completely
Agree
79.9
(219)

Don’t
Know
0.7
(2)

TOTAL
100.0
(274)

Table 6. Responses to “Mathematical models can be visual representations such as a graph in the
Cartesian plane or the real number line,” split by subgroup.
Experienced
Teachers
(N=185)
Completely Disagree
Somewhat Disagree
Neither Agree Nor
Disagree
Somewhat Agree
Completely Agree
Don’t Know
TOTAL

Inexperienced
Teachers
(N=89)
%
%
3.2
1.1
1.1
3.4

CCSSM
State/Territory
Teachers
(N=238)
%
2.9
1.7

Non-CCSSM
State/Territory
Teachers
(N=36)
%
0.0
2.8

1.1

0.0

0.8

0.0

13.0
81.1
0.5
100.0

16.9
77.5
1.1
100.0

15.5
78.2
0.8
100.0

5.6
91.7
0.0
100.0

Roughly 94% of each group correctly agreed with this statement. Note also that while the
difference is more dramatic between teachers in CCSSM states and territories and those in nonCCSSM states and territories, about 94% and 97%, respectively correctly agreed. Note, however,
that teachers in non-CCSSM states and territories tended to agree completely with this statement;
91.7% of these teachers completely agreed while, in contrast, 78.2% of CCSSM state and territory
teachers agreed completely.
The question of whether or not a mathematical model can be a visual representation such as
a scaled map or an architectural blueprint is an interesting one because authors and experts
disagree over whether or not these visual representations qualify as mathematical models. There is
no question that visual representations such as these are idealized as (seemingly) unimportant
information is omitted. The problem lies in finding the point at which such an idealization is
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considered to be sufficiently mathematized, or, in terms used in Principles and Standards at which
point it becomes a “mathematical representation” (NCTM, 2000, p. 70) of that idealized version of
the real world. In both examples given, scaled maps and blueprints, it is clear that distances and
angles can be measured. Important features such as intersections of roads or walls are clear. It is
also clear that these are idealized versions of real-world representations.
Table 7 shows that the general sample tended toward agreeing that scaled visual
representations are mathematical models. Of those who responded, 85.6% indicated some level of
agreement while 12.5% neither agreed nor disagreed or disagreed to some extent. The latter figure
is not surprising given that there are conflicting reports in the literature (see, e.g. NCTM, 2000, for
the opposing viewpoint and Malkevitch, 2012, for the supporting viewpoint). It is clear, though,
that what must be made explicit by teachers of mathematical modeling is exactly how much (or
little) must remain in order for a model to be considered a mathematical one. It may be that the
answer comes down to pedagogical aims or even personal preference (like many forms of art –
what is pleasing to one person may not be to another).
Table 7. Responses to “Mathematical models can be visual representations such as a scaled map of
the county or an architectural blueprint.”

%
(n)

Completely
Disagree
4.4
(12)

Somewhat
Disagree
5.5
(15)

Neither
Agree Nor
Disagree
2.6
(7)

Somewhat
Agree
21.8
(59)

Completely
Agree
63.8
(173)

Don’t
Know
1.8
(5)

TOTAL
100.0
(271)

In comparing subgroups as shown in Table 8, it is clear that there is little difference in
opinion regarding whether or not mathematical models can be visual representations such as maps
or architectural blueprints. Of the experienced teachers, about 9% disagreed and about 86%
agreed. Of the inexperienced teachers, about 11% disagreed and about 85% agreed. There is a
more pronounced difference between the beliefs of CCSSM state or territory and non-CCSSM state
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Table 8. Responses to “Mathematical models can be visual representations such as a scaled map of
the county or an architectural blueprint,” split by subgroup.
Experienced
Teachers
(N=182)
Completely Disagree
Somewhat Disagree
Neither Agree Nor
Disagree
Somewhat Agree
Completely Agree
Don’t Know
TOTAL

Inexperienced
Teachers
(N=89)
%
%
4.9
3.4
4.4
7.9

CCSSM
State/Territory
Teachers
(N=235)
%
5.1
5.5

Non-CCSSM
State/Territory
Teachers
(N=36)
%
0.0
5.6

2.7

2.2

3.0

0.0

20.9
64.8
2.2
100.0

23.6
61.8
1.1
100.0

22.1
62.6
1.7
100.0

19.4
72.2
2.8
100.0

or territory teachers. Of the CCSSM state or territory teachers, 10.6% disagreed and 84.7% agreed.
Of the non-CCSSM state or territory teachers, 5.6% disagreed and 91.7% agreed. Those in the nonCCSSM states and territories are slightly more likely to agree than their counterparts in CCSSM
states and territories that mathematical models can be visual representations such as maps or
architectural blueprints.
Often the general purpose of a mathematical model is to transform a real-world situation
into a form that is “workable.” That is, it makes a real-world situation compact enough to be able to
manage to apply some mathematical treatment to it in order to solve a problem or to gain some
desired understanding; meanwhile the most important features of the real-world situation remain
in the model in order to describe the situation adequately. Thus, mathematical models are used to
summarize or describe a situation in a compact form. As shown in Table 9, of those in the general
sample who responded to this question, 71.8% completely agreed with this statement. This means
that 28.2% of the general sample failed to recognize this most fundamental purpose of a
mathematical model; however, this figure includes the 19.0% of the general sample who somewhat
agreed with the statement. Note that those teachers who responded that they somewhat agree are
not considered to have a misconception despite not completely agreeing. However, the reasoning
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Table 9. Responses to “Mathematical models can be used to describe or summarize a given
situation in a compact form.”

%
(n)

Completely
Disagree
2.6
(7)

Somewhat
Disagree
1.8
(5)

Neither
Agree Nor
Disagree
2.6
(7)

Somewhat
Agree
19.0
(52)

Completely
Agree
71.8
(196)

Don’t
Know
2.2
(6)

TOTAL
100.0
(273)

behind why they could not fully agree with the statement is unclear but should be explored in
further research.
In comparing subgroups as shown in Table 10, a slight difference is found between
experienced and inexperienced teachers and between CCSSM state or territory teachers and nonCCSSM state or territory teachers. While about 91% of each of experienced and inexperienced
teachers correctly agreed to some extent that mathematical models can be used to describe or
summarize a situation in a compact form, the remaining experienced teachers were more likely to
disagree to some extent (6.0%), and the remaining inexperienced teachers were more likely not to
know (4.5%). A similar phenomenon occurs for the comparison between CCSSM and non-CCSSM
state or territory teachers. While about 91% and 92%, respectively, agreed to some extent, the
remaining CCSSM state or territory teachers were more likely to disagree to some extent (5.1%)
while the remaining non-CCSSM state or territory teachers were more likely not to know (5.6%).
The concept of the use of a mathematical model to explain underlying causes in a situation
is understandably trickier to understand than its use in describing a situation in a compact form.
Colloquial evidence indicates that the majority – if not all – of mathematical models taught in typical
modeling curricula help describe a situation to solve a problem, or perhaps they may help give a
reasonable prediction about a future event related to the situation, but rarely do the models that
appear in curricula go further to explain underlying causes in a situation. However, explaining
underlying causes in a situation is indeed one of the uses of mathematical models. In fact, it was a
mathematical model that led to the hypothesized existence of other planetary bodies in the Solar
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Table 10. Responses to “Mathematical models can be used to describe or summarize a given
situation in a compact form,” split by subgroup.
Experienced
Teachers
(N=184)

Inexperienced
Teachers
(N=89)
%
%
3.3
1.1
2.7
0.0

Completely Disagree
Somewhat Disagree
Neither Agree Nor
Disagree
Somewhat Agree
Completely Agree
Don’t Know
TOTAL

CCSSM
State/Territory
Teachers
(N=237)
%
3.0
2.1

Non-CCSSM
State/Territory
Teachers
(N=36)
%
0.0
0.0

2.2

3.4

2.5

2.8

17.4
73.4
1.1
100.0

22.5
68.5
4.5
100.0

20.3
70.5
1.7
100.0

11.1
80.6
5.6
100.0

System. This hypothesis led to the search for those bodies, one of which today is known as
“Neptune” (Neptune, 2013).
Given the challenges with understanding this idea, a satisfactory portion of the general
sample, 83.2%, agreed to some extent with it (see Table 11). Of course on the other hand, this
means that nearly 17% didn’t understand that mathematical models may be used this way. Thus,
this use of mathematical models is another misconception that needs to be addressed.
Table 11. Responses to “Mathematical models can be used to explain the underlying causes in a
given situation.”

%
(n)

Completely
Disagree
4.7
(13)

Somewhat
Disagree
4.4
(12)

Neither
Agree Nor
Disagree
5.1
(14)

Somewhat
Agree
31.8
(87)

Completely
Agree
51.5
(141)

Don’t
Know
2.6
(7)

TOTAL
100.0
(274)

In comparing subgroups as shown in Table 12, a difference is found between the portion of
experienced and inexperienced teachers and between CCSSM and non-CCSSM state or territory
teachers agreeing to some extent that mathematical models can be used to explain the underlying
causes in a situation. Of the experienced teachers and of the CCSSM state or territory teachers,
79.5% and 82.0% respectively agreed to some extent. Of the inexperienced teachers and of the
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Table 12. Responses to “Mathematical models can be used to explain the underlying causes in a
given situation,” split by subgroup.
Experienced
Teachers
(N=185)
Completely Disagree
Somewhat Disagree
Neither Agree Nor
Disagree
Somewhat Agree
Completely Agree
Don’t Know
TOTAL

Inexperienced
Teachers
(N=89)
%
%
5.9
2.2
5.9
1.1

CCSSM
State/Territory
Teachers
(N=238)
%
4.6
4.6

Non-CCSSM
State/Territory
Teachers
(N=36)
%
5.6
2.8

5.9

3.4

5.9

0.0

33.0
46.5
2.7
100.0

29.2
61.8
2.2
100.0

32.4
49.6
2.9
100.0

27.8
63.9
0.0
100.0

non-CCSSM state or territory teachers, 91.0% and 91.7% respectively agreed to some extent. Here
again, the inexperienced teachers and the non-CCSSM state or territory teachers show better
understanding of this use of a mathematical model than their experienced and CCSSM state or
territory counterparts. The reasons contributing to this difference should be studied further.
Mathematical Modeling
Mathematical modeling is a process that has been described in many different ways (see
Lege, 2003). The most important components of the process are that a real-world situation must be
understood, the key features of (and assumptions regarding) the real-world situation are chosen,
idealized, and then mathematized, some sort of mathematical work is performed, the results are
translated back into the real world, and they are checked against reality. If they make sense, the
results are reported to the interested parties; if they don’t make sense, the process is reexamined
and the steps repeated until a sensible conclusion is reached.
The second portion of the online survey was intended to help gain insight into how well
teachers understand basic concepts regarding the mathematical modeling process. For the most
part, the majority of the respondents had correct or generally accepted understandings of
mathematical modeling; however, in many cases, sizeable minorities did not.
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It is difficult to say how often repeating steps is part of the mathematical modeling process.
Some intuitive mathematical modelers may never need to repeat a step while those modelers in
completely new and developing fields may always need to go back and repeat steps. Sometimes, a
very basic model will be created just to gain some inkling of insight into the workings of a real-life
situation, then once that is achieved, more variables will be included, new assumptions made or old
ones no longer considered, and the process will require further revision. If the process requires
revision, then the steps of the mathematical modeling process would logically need to be repeated.
According to professional mathematical modelers and experts on mathematical modeling in
curricula, repeating steps is “usually” a part of the mathematical modeling process. As is shown in
Table 13, within the general sample, just 47.5% of the participants also gauged repeating steps
usually to be part of the process. Those who answered “about half the time” constituted 10.3% of
the sample. While it is difficult to say with certainty that the remaining members of the general
sample who responded differently had a misconception about the mathematical modeling process,
based on experts’ experiences and based on these responses, this rate of responses indicating the
relative infrequency of repeating may represent a misconception about mathematical modeling,
and if it does, probably one that indicates inexperience with it. (Note that since the frequency
cannot be quantified precisely, the 18.6% of the general sample who responded that repeating
steps is occasionally part of the mathematical modeling process are not considered to have a
misconception.) Furthermore, 13.7% indicated that they did not know the frequency with which
repeating steps is part of the mathematical modeling process. This portion of teachers and future
teachers who claimed not to know how frequently steps may be repeated in the modeling process is
alarming; exactly why they don’t know cannot be determined through this study, however, it should
indeed be studied further. One possible reason is that these teachers do not have sufficient
experience with mathematical modeling to gauge how often one must repeat steps before reaching
a sufficient result. This reason is not verifiable through the present study.
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Table 13. Responses to “Repeating steps is part of the mathematical modeling process.”

%
(n)

Never
1.1
(3)

Occasionally
18.6
(49)

About Half
the Time
10.3
(27)

Usually
47.5
(125)

Always
8.7
(23)

Don’t
Know
13.7
(36)

TOTAL
100.0
(263)

In comparing subgroups as shown in Table 14, it can be seen that experienced and
inexperienced teachers are largely similar. The greatest difference between them is that 21.3% of
experienced teachers indicated that repeating steps is occasionally part of the mathematical
modeling process and just 12.9% of inexperienced teachers responded this way. CCSSM state and
territory teachers are similar to non-CCSSM state teachers regarding their conceptions about the
frequency with which repeating steps is part of the modeling process. Of CCSSM state or territory
teachers, 56.5% believed repeating steps usually or about half the time to be part of the modeling
process, whereas 66.7% non-CCSSM state or territory teachers believed this to be the case. Finally,
14.8% of CCSSM state or territory teachers and 6.1% of non-CCSSM state or territory teachers
claimed they did not know how often repeating steps is part of the mathematical modeling process.
Taken all together, it seems that teachers in non-CCSSM states have more desirable conceptions of
this aspect of the mathematical modeling process.
Table 14. Responses to “Repeating steps is part of the mathematical modeling process,” split by
subgroup.
Experienced
Teachers
(N=178)
Never
Occasionally
About Half the Time
Usually
Always
Don’t Know
TOTAL

%
1.1
21.3
10.1
47.2
8.4
11.8
100.0

Inexperienced
Teachers
(N=85)
%
1.2
12.9
10.6
48.2
9.4
17.6
100.0

CCSSM
State/Territory
Teachers
(N=230)
%
1.3
19.1
9.6
47.0
8.3
14.8
100.0

Non-CCSSM
State/Territory
Teachers
(N=33)
%
0.0
15.2
15.2
51.5
12.1
6.1
100.0
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The essence of a mathematical modeling problem is that it must come from a real-world
situation, and failing that, according to some researchers, it must at least come from an extramathematical field (meaning that it can come from other school subjects). Thus, problems that
come from whimsical or unrealistic scenarios are strictly not mathematical modeling problems.
Note that 64.0% of the general sample responded that mathematical modeling situations
occasionally come from whimsical or unrealistic scenarios and only 14.8% of the sample correctly
indicated that this may never happen (Table 15). This represents another fundamental and major
misunderstanding of mathematical modeling. Another 17.8% of the sample indicated that
mathematical modeling situations come from unrealistic scenarios about half the time or more.
While the source of this misconception cannot be verified here, it is possible that the overlap
between mathematical modeling and mathematical problem solving has contributed to this
misconception.
Table 15. Responses to “Mathematical modeling situations come from “whimsical” or unrealistic
scenarios.”

%
(n)

Never
14.8
(39)

Occasionally
64.0
(169)

About Half
the Time
13.3
(35)

Usually
4.5
(12)

Always
0.0
(0)

Don’t
Know
3.4
(9)

TOTAL
100.0
(264)

In comparing subgroups as shown in Table 16, it can be seen that inexperienced teachers
better understand that mathematical modeling situations cannot come from whimsical or
unrealistic scenarios than experienced teachers. Just 12.3% of experienced teachers responded
that mathematical modeling situations never come from whimsical or unrealistic scenarios while
20.0% of inexperienced teachers responded in the same way. A large portion of this difference is
made up by those who responded that mathematical modeling situations occasionally come from
whimsical or unrealistic scenarios; 67.0% of experienced teachers and 57.6% of inexperienced
teachers answered this way. The difference between CCSSM state or territory teachers and nonCCSSM state or territory teachers was not as pronounced. The greatest difference between them is
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Table 16. Responses to “Mathematical modeling situations come from “whimsical” or unrealistic
scenarios,” split by subgroup.
Experienced
Teachers
(N=179)
Never
Occasionally
About Half the Time
Usually
Always
Don’t Know
TOTAL

%
12.3
67.0
14.0
4.5
0.0
2.2
100.0

Inexperienced
Teachers
(N=85)
%
20.0
57.6
11.8
4.7
0.0
5.9
100.0

CCSSM
State/Territory
Teachers
(N=230)
%
14.8
63.5
13.0
5.2
0.0
3.5
100.0

Non-CCSSM
State/Territory
Teachers
(N=34)
%
14.7
67.6
14.7
0.0
0.0
2.9
100.0

that 5.2% of CCSSM state or territory teachers and 0.0% of non-CCSSM state or territory teachers
responded that mathematical modeling situations usually come from whimsical or unrealistic
scenarios.
Among the earliest steps of the mathematical modeling process is selecting which objects
and relations among those objects are important in understanding the scenario to be explored. The
next step is selecting the most important from among those objects and relations. One must also
choose which area of mathematics will be most effective to help answer the question given those
objects and relations. Further, one must choose, among the many assumptions that are made,
which should be kept or used and which to put aside. Some often unstated choices that must be
made in the modeling process are the desired level of accuracy necessary to solve the problem
successfully and which method must be used to communicate final results. Thus, the mathematical
modeling process requires that the modeler make many choices (or selections) from start to end. It
is incontrovertible that choices must be made. As is seen in Table 17, the majority of the general
sample understood this or was close to a correct conception (81.7% of all those who responded
answered “usually” or “always”). However, this means that 18.3% of the general sample that
responded believed that making choices only occurs half the time or less in the modeling process,
or they didn’t know at all. Furthermore, only 36.9% of the responses from the general sample
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Table 17. Responses to “The mathematical modeling process involves making choices.”

%
(n)

Never
0.8
(2)

Occasionally
8.4
(22)

About Half
the Time
6.1
(16)

Usually
44.9
(118)

Always
36.9
(97)

Don’t
Know
3.0
(8)

TOTAL
100.0
(263)

correctly indicated that making choices is always involved in the mathematical modeling process.
This represents another major misconception among the general sample and likely the population
they represent. Mathematical modeling is not a clear-cut process in which every aspect of how to
proceed is evident; it requires that choices, selections, and decisions be made. These choices that
are made have a significant impact on how the process will proceed and how the scenario may be
interpreted based on the model. It is imperative that teachers understand not only that choices are
made throughout the process, but also recognize the influence these choices have on the results.
In comparing subgroups as shown in Table 18, it can be seen that experienced and
inexperienced teachers were quite similar in their estimations of how often choices are made in the
mathematical modeling process. Those who responded that making choices is always part of the
process constitute 36.5% and 37.6% of experienced and inexperienced teachers, respectively. The
greatest difference can be found in those who responded that the mathematical modeling process
usually involves making choices. Nearly half of all experienced teachers, 47.8%, responded this
way while 38.8% of inexperienced teachers responded this way. Teachers in CCSSM states and
territories were not very similar to teachers in non-CCSSM states and territories regarding their
estimation of how frequently the mathematical modeling process involves making choices. While
there is little difference between those who responded correctly that making choices is always
involved, with 37.1% of CCSSM state or territory teachers and 35.3% of non-CCSSM state or
territory teachers responding so, there is a much greater difference between groups who
responded incorrectly or not in line with expert estimation. Of the CCSSM state and territory
teachers, 16.6% responded that making choices was involved about half the time or less, while just
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Table 18. Responses to “The mathematical modeling process involves making choices,” split by
subgroup.
Experienced
Teachers
(N=178)

%
0.6
9.0
4.5
47.8
36.5
1.7
100.0

Never
Occasionally
About Half the Time
Usually
Always
Don’t Know
TOTAL

Inexperienced
Teachers
(N=85)
%
1.2
7.1
9.4
38.8
37.6
5.9
100.0

CCSSM
State/Territory
Teachers
(N=229)
%
0.9
8.7
7.0
42.8
37.1
3.5
100.0

Non-CCSSM
State/Territory
Teachers
(N=34)
%
0.0
5.9
0.0
58.8
35.3
0.0
100.0

5.9% of non-CCSSM state and territory teachers responded this way. Experienced teachers and
non-CCSSM state or territory teachers were better able to estimate the frequency with which
making choices is involved in the mathematical modeling process as compared to inexperienced
teachers and CCSSM state or territory teachers, respectively.
Making assumptions is just as prevalent in the mathematical modeling process as making
choices. Assumptions must be made early in the process and they are always part of it. As shown
in Table 19, the majority of those who responded, 62.1%, reported that assumptions are “usually”
or “always” part of the mathematical modeling process, but only 27.3% of the general sample
correctly indicated “always.” Just over one third of the general sample, then, claimed that making
assumptions is part of the modeling process about half the time or less. This means that more than
two thirds of the general sample is unaware that making assumptions is a crucial part of
mathematical modeling.
Table 19. Responses to “The mathematical modeling process involves making assumptions.”

%
(n)

Never
1.9
(5)

Occasionally
24.2
(64)

About Half
the Time
7.6
(20)

Usually
34.8
(92)

Always
27.3
(72)

Don’t
Know
4.2
(11)

TOTAL
100.0
(264)
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Experience indicates that many mathematics teachers agree that assumptions should never
be made in mathematics: if information is not given, it cannot be assumed. After all, an angle which
appears to be right may not be so in truth, a figure may not be to scale, and one must not divide by x
because there’s no assurance that it’s not equal to zero. This misconception about the modeling
process among teachers, then, may be a result of this line of thinking, although this is unverifiable
through the present study.
In comparing subgroups as shown in Table 20, it becomes clear that experienced teachers
have a better understanding than inexperienced teachers that making assumptions is always part of
the mathematical modeling process, with 30.2% and 21.2% of experienced and inexperienced
teachers, respectively, responding so. The difference is even more drastic between teachers in
CCSSM states and territories and teachers in non-CCSSM states and territories. Those who
responded making assumptions is always part of the process constituted 29.1% and 14.7% of
CCSSM state and territories teachers and non-CCSSM state and territories teachers, respectively.
Furthermore, those who responded that making assumptions is only occasionally involved in the
mathematical modeling process constitute 20.9% of CCSSM state and territory teachers and 47.1%
of non-CCSSM state and territory teachers. Thus, while experienced teachers certainly showed
better understanding than inexperienced ones, it is clear that teachers in CCSSM states and
territories showed a much better understanding than those not in CCSSM states and territories.
It is not surprising that nearly 70% of the general sample responded answered that
determining if a solution makes sense in terms of the original situation is always part of the
mathematical modeling process, and more than 25% more responded that it usually is part of the
process (see Table 21). No one responded that checking the model against the real world is never
part of the process. This result is not surprising because of the nature of traditional mathematics
teaching. Checking one’s result is usually considered a necessary step in solving a problem in a
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Table 20. Responses to “The mathematical modeling process involves making assumptions,” split
by subgroup.
Experienced
Teachers
(N=179)

%
1.1
25.7
7.8
32.4
30.2
2.8
100.0

Never
Occasionally
About Half the Time
Usually
Always
Don’t Know
TOTAL

Inexperienced
Teachers
(N=85)
%
3.5
21.2
7.1
40.0
21.2
7.1
100.0

CCSSM
State/Territory
Teachers
(N=230)
%
2.2
20.9
7.4
36.5
29.1
3.9
100.0

Non-CCSSM
State/Territory
Teachers
(N=34)
%
0.0
47.1
8.8
23.5
14.7
5.9
100.0

Table 21. Responses to “The mathematical modeling process involves determining if a solution
makes sense in terms of the original situation.”

%
(n)

Never
0.0
(0)

Occasionally
1.9
(5)

About Half
the Time
1.5
(4)

Usually
25.5
(67)

Always
69.2
(182)

Don’t
Know
1.9
(5)

TOTAL
100.0
(263)

mathematics classroom, so checking the result of the mathematical modeling process in terms of
the original real-world situation is a natural extension of this classroom habit.
In comparing subgroups as shown in Table 22, it can be seen that experienced teachers
were more likely than inexperienced teachers to respond correctly that the mathematical modeling
process always involves determining if a solution makes sense in terms of the original situation.
While 60.0% of inexperienced teachers responded this way, 73.6% of experienced teachers
responded so. It can also be seen that teachers in non-CCSSM states and territories were more
likely than teachers in CCSSM states and territories to respond correctly that checking if a solution
makes sense is always part of the process, with 76.5% and 68.1% of teachers in non-CCSSM and
CCSSM states and territories responding this way, respectively. It should be noted also that about
6% of teachers in CCSSM states and territories responded that checking if a solution makes sense in
terms of the original situation is involved in the modeling process about half the time or less or they
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Table 22. Responses to “The mathematical modeling process involves determining if a solution
makes sense in terms of the original situation,” split by subgroup.
Experienced
Teachers
(N=178)
Never
Occasionally
About Half the Time
Usually
Always
Don’t Know
TOTAL

%
0.0
2.2
2.2
20.8
73.6
1.1
100.0

Inexperienced
Teachers
(N=85)
%
0.0
1.2
0.0
35.3
60.0
3.5
100.0

CCSSM
State/Territory
Teachers
(N=229)
%
0.0
2.2
1.7
25.8
68.1
2.2
100.0

Non-CCSSM
State/Territory
Teachers
(N=34)
%
0.0
0.0
0.0
23.5
76.5
0.0
100.0

did not know how frequently it is involved. There were no teachers in non-CCSSM states and
territories who responded this way.
The frequency with which the mathematical modeling process involves revisions is based
on various factors. Making revisions is said to be part of the process in most of the definitions (for
example, NGACBP & CCSSO, 2010; Niss et al., 2007; Pollak, 2003). Expert mathematical modelers
indicate from their experiences that making revisions is involved at least half the time, but not
always. As is seen in Table 23, no respondent in the general sample indicated that making revisions
is never involved in the process. Most teachers, 53.4%, believed revisions usually to be involved,
and an additional 23.5% believed it to be involved occasionally or about half the time. However,
21.2% of the general sample indicated that making revisions is always involved and an additional
1.9% didn’t know how frequently revisions are involved. This may be considered a misconception
among a large portion of teachers (more than one fifth of them) as in the descriptions of
mathematical modeling, revisions are only required “if necessary.” Teachers must allow students to
recognize that it is possible to come to a suitable solution the first time through the modeling
process, but they also should not be discouraged if the modeling process results in revisions being
needed.
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Table 23. Responses to “The mathematical modeling process involves making revisions.”

%
(n)

Never
0.0
(0)

Occasionally
12.5
(33)

About Half
the Time
11.0
(29)

Usually
53.4
(141)

Always
21.2
(56)

Don’t
Know
1.9
(5)

TOTAL
100.0
(264)

In comparing subgroups as shown in Table 24, it can be seen that experienced teachers
were slightly more likely to be incorrect than inexperienced teachers regarding how often making
revisions is involved in the mathematical modeling process. Nearly 23% of experienced teachers
responded that making revisions is always part of the process while 17.6% of inexperienced
teachers responded this way. Those who responded that making revisions is involved in the range
between occasionally and usually (that is to say, those who responded that it is involved, but not
always) constitute similar portions of their subgroups, with 76.6% of experienced teachers and
77.6% of inexperienced teachers answering in this range. Fewer teachers in non-CCSSM states and
territories than those in CCSSM states and territories responded that the mathematical modeling
process always involves revisions, but the difference between these two groups is even smaller
than that between experienced and inexperienced teachers, with 17.6% of teachers in non-CCSSM
states and territories and 21.7% of teachers in CCSSM states and territories responding this way.
Table 24. Responses to “The mathematical modeling process involves making revisions,” split by
subgroup.
Experienced
Teachers
(N=179)
Never
Occasionally
About Half the Time
Usually
Always
Don’t Know
TOTAL

%
0.0
12.3
8.4
55.9
22.9
0.6
100.0

Inexperienced
Teachers
(N=85)
%
0.0
12.9
16.5
48.2
17.6
4.7
100.0

CCSSM
State/Territory
Teachers
(N=230)
%
0.0
13.0
9.6
53.9
21.7
1.7
100.0

Non-CCSSM
State/Territory
Teachers
(N=34)
%
0.0
8.8
20.6
50.0
17.6
2.9
100.0
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There is no correct answer to how often the mathematical modeling process results in an
exact answer or answers. It should be noted that professional mathematical modelers indicate that
in their experiences, one occasionally gets an exact answer as the result of the mathematical
modeling process. As seen in Table 25, of the general sample, 89.4% stated that exact answers are
obtained in the range from “occasionally” to “usually,” with the largest portion of these agreeing
with the experts, constituting 36.5% of the general sample. The remaining 10.6% of the sample
believed exact answers are either never or always achieved, or they did not know. Thus, there is a
misconception present here within the general sample, but only a minor one.
Table 25. Responses to “The mathematical modeling process results in an exact answer or exact
answers.”

%
(n)

Never
5.7
(15)

Occasionally
36.5
(96)

About Half
the Time
27.0
(71)

Usually
25.9
(68)

Always
1.5
(4)

Don’t
Know
3.4
(9)

TOTAL
100.0
(263)

In comparing subgroups as shown in Table 26, it can be seen that experienced teachers
differ from inexperienced teachers based on their incorrect estimations of how often the
mathematical modeling process results in an exact answer or answers. Of experienced teachers,
7.9% responded that exact answers either never or always result from the modeling process, or
they did not know how often they result, whereas of inexperienced teachers, 16.5% responded in
these ways. The most pronounced difference between teachers in states and territories which have
adopted the CCSSM and those that have not adopted the CCSSM is that a much larger portion of
teachers in non-CCSSM states and territories than teachers in CCSSM states and territories respond
that exact answers usually result, with 47.1% and 22.7% of their subgroups responding this way,
respectively. Further, 38.4% of teachers in CCSSM states and territories and 23.5% of teachers in
non-CCSSM states and territories responded that exact answers occasionally result from the
mathematical modeling process.

54
Table 26. Responses to “The mathematical modeling process results in an exact answer or exact
answers,” split by subgroup.
Experienced
Teachers
(N=178)
Never
Occasionally
About Half the Time
Usually
Always
Don’t Know
TOTAL

%
4.5
39.3
27.0
25.8
1.1
2.2
100.0

Inexperienced
Teachers
(N=85)
%
8.2
30.6
27.1
25.9
2.4
5.9
100.0

CCSSM
State/Territory
Teachers
(N=229)
%
6.1
38.4
27.9
22.7
1.3
3.5
100.0

Non-CCSSM
State/Territory
Teachers
(N=34)
%
2.9
23.5
20.6
47.1
2.9
2.9
100.0

The literature states that mathematical modeling situations can indeed result in various,
different mathematical models because students may take different approaches in solving the same
problems (MAA, 1972). Further, different sets of assumptions may lead to different models. In
addition, expert mathematical modelers indicate that mathematical modeling situations can usually
result in various, different mathematical models. As shown in Table 27, the majority of the general
sample agreed with the expert estimation, 58.2%, and an additional 23.6% estimated that different
mathematical models may result from the mathematical modeling process about half the time or
always. This means that 13.3% of the general sample believed a different model may result
occasionally or never, and 4.9% didn’t know how often this may occur. Thus, 18.3%, nearly one
fifth, of the general sample likely needs more experience with mathematical modeling so that they
may better understand the nature of the process and the nature of the solutions their students may
present.
In comparing subgroups as shown in Table 28, the largest difference between experienced
and inexperienced teachers was that a greater portion of experienced teachers than inexperienced
teachers responded in line with expert, professional mathematical modelers’ estimations of how
frequently a mathematical modeling situation can result in various, different mathematical models.
That is to say, 61.8% of experienced teachers responded that this can usually occur while 50.6% of
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Table 27. Responses to “A mathematical modeling situation can result in various, different
mathematical models.”

%
(n)

Never
0.4
(1)

Occasionally
12.9
(34)

About Half
the Time
11.4
(30)

Usually
58.2
(153)

Always
12.2
(32)

Don’t
Know
4.9
(13)

TOTAL
100.0
(263)

Table 28. Responses to “A mathematical modeling situation can result in various, different
mathematical models,” split by subgroup.
Experienced
Teachers
(N=178)
Never
Occasionally
About Half the Time
Usually
Always
Don’t Know
TOTAL

%
0.6
12.9
9.6
61.8
11.8
3.4
100.0

Inexperienced
Teachers
(N=85)
%
0.0
12.9
15.3
50.6
12.9
8.2
100.0

CCSSM
State/Territory
Teachers
(N=229)
%
0.4
14.4
10.9
59.0
10.5
4.8
100.0

Non-CCSSM
State/Territory
Teachers
(N=34)
%
0.0
2.9
14.7
52.9
23.5
5.9
100.0

inexperienced teachers responded this way. The greatest difference between teachers in CCSSM
states and territories and teachers in non-CCSSM states and territories is found in the portion of
teachers who responded in the range of “occasionally” to “usually” (that is, it is possible to occur,
but it won’t always occur). Those answering in this range constituted 84.3% of teachers in CCSSM
states and territories and 70.6% of teachers in non-CCSSM states and territories.
Mathematical Modeling in Education
Every teacher, curriculum designer, administrator, researcher, parent, student, and
taxpayer likely has his or her own opinion about what the purpose of mathematics education is in
schools. It is important that several of these parties agree on that purpose. This is because teachers
should teach any topic – including mathematics in general or mathematical modeling specifically –
toward the goals that align with that purpose. It is important, then, to be aware of what teachers
believe to have been the intended purpose of mathematical modeling’s inclusion in the CCSSM as
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well as what they believe to be the use of mathematical modeling in general. If the opinions of
teachers do not align with those of researchers, curriculum developers, teacher education
coordinators, or administrators, then these differences will need to be addressed.
As is seen in Table 29, the majority of the general sample, 79.3%, indicated some level of
agreement that mathematical modeling is included in curricular standards so that students learn to
use mathematics in their daily lives, with 44.4% and 34.9% of the general sample indicating that
they somewhat agree and completely agree, respectively. The slight reluctance to agree completely
with this may indicate that teachers believe that Galbraith’s (2007) “modelling as content”
perspective was taken into account by curriculum developers, but they seem reluctant to “buy in” to
that intent completely. It should be noted that experts in modeling curricula themselves indicate
complete agreement that using mathematics in students’ daily lives is why modeling is included in
curricula. It should be noted that more than 20% of the general sample does not agree with this
being the reason for inclusion in curricula or they cannot say if this is one of the purposes.
Table 29. Responses to “Mathematical modeling is included in curricular standards so that students
learn to use mathematics in their daily lives.”

%
(n)

Completely
Disagree
3.1
(8)

Somewhat
Disagree
8.0
(21)

Neither
Agree Nor
Disagree
6.1
(16)

Somewhat
Agree
44.4
(116)

Completely
Agree
34.9
(91)

Don’t
Know
3.4
(9)

TOTAL
100.0
(261)

In comparing subgroups as shown in Table 30, it can be seen that the main difference
between experienced and inexperienced teachers was their level of agreement that mathematical
modeling is included in curricular standards so that students learn to use mathematics in their daily
lives. While both subgroups generally agreed that modeling is included for this purpose,
experienced teachers did not agree as completely as inexperienced teachers. Of all experienced
teachers, 48.0% somewhat agreed and 32.2% completely agreed with inclusion for this purpose,
whereas of all inexperienced teachers, 36.9% somewhat agreed and 40.5% completely agreed.
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Table 30. Responses to “Mathematical modeling is included in curricular standards so that students
learn to use mathematics in their daily lives,” split by subgroup.
Experienced
Teachers
(N=177)
Completely Disagree
Somewhat Disagree
Neither Agree Nor
Disagree
Somewhat Agree
Completely Agree
Don’t Know
TOTAL

Inexperienced
Teachers
(N=84)
%
%
4.0
1.2
7.9
8.3

CCSSM
State/Territory
Teachers
(N=227)
%
3.1
9.3

Non-CCSSM
State/Territory
Teachers
(N=34)
%
2.9
0.0

6.2

6.0

5.7

8.8

48.0
32.2
1.7
100.0

36.9
40.5
7.1
100.0

46.3
32.2
3.5
100.0

32.4
52.9
2.9
100.0

There were also differences between teachers in CCSSM and non-CCSSM states and territories. In
CCSSM states and territories, 12.3% of teachers disagreed to some extent that mathematical
modeling is included in curricular standards so that students learn to use mathematics in their daily
lives, while in non-CCSSM states, 2.9% of teachers completely disagreed and no teachers somewhat
disagreed. Thus, more than one tenth of teachers who will be responsible for enacting CCSSM
mathematical modeling do not believe that the intent of the curriculum is to help students use
mathematical modeling in their daily lives. Note that this does not imply they will not teach this
way as teachers’ beliefs about the intent of the curriculum and its writers and teachers’ own
personal beliefs about why they teach are not necessarily the same.
As is shown in Table 31, the majority of the general sample, 90.4%, agreed to some extent
that mathematical modeling is included in curricular standards so that students learn to apply the
mathematics they are learning, with 40.0% and 50.4% somewhat agreeing and completely
agreeing, respectively. This is a large increase in confidence compared to that of including
modeling in standards to enable students to use mathematics in their daily lives. This indicates that
teachers believe more strongly that mathematical modeling is included in curricular standards so
that students will learn mathematical content; this is Galbraith’s (2007) “modelling as vehicle”
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Table 31. Responses to “Mathematical modeling is included in curricular standards so that students
learn how to apply the mathematics they are learning.”

%
(n)

Completely
Disagree
1.5
(4)

Somewhat
Disagree
2.7
(7)

Neither
Agree Nor
Disagree
3.8
(10)

Somewhat
Agree
40.0
(104)

Completely
Agree
50.4
(131)

Don’t
Know
1.5
(4)

TOTAL
100.0
(260)

perspective. The remaining 9.6% didn’t show any level of agreement with or didn’t know if
application of the mathematical content students are learning is included in curricular standards
for the purpose of learning mathematical content.
In comparing subgroups as shown in Table 32, it can be seen that the greatest difference
between experienced and inexperienced teachers was in their level of agreement that mathematical
modeling is included in curricular standards so that students learn to apply the mathematics they
are learning. While about 90% of both experienced and inexperienced teachers agreed to some
extent that mathematical modeling is included in curricular standards so students will learn to
apply mathematical content, experienced teachers did not agree as strongly, with 42.6% of them
agreeing somewhat and 48.3% agreeing completely with this reason for inclusion in the standards.
The inexperienced teachers, however, agreed more strongly with this reason for inclusion, with
34.5% somewhat agreeing and 54.8% completely agreeing. Teachers in states and territories
which have adopted the CCSSM did not agree as strongly with this reason for inclusion as their
counterparts teaching in non-CCSSM states and territories did. No teacher in a non-CCSSM state or
territory responded that they had any level of disagreement with this reason for inclusion in
curricula, but about 5% of teachers in CCSSM states and territories did respond that they disagreed
to some extent. Among teachers in CCSSM states and territories, 89.4% agreed with this reason for
inclusion in curricula, while 97.1% of teachers in non-CCSSM states and territories agreed with this.
Thinking mathematically, in the opinion of the general sample of teachers, is another of the
major reasons for including mathematical modeling in curricular standards. As is seen in Table 33,
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Table 32. Responses to “Mathematical modeling is included in curricular standards so that students
learn how to apply the mathematics they are learning,” split by subgroup.
Experienced
Teachers
(N=176)

Inexperienced
Teachers
(N=84)
%
%
1.7
1.2
2.8
2.4

Completely Disagree
Somewhat Disagree
Neither Agree Nor
Disagree
Somewhat Agree
Completely Agree
Don’t Know
TOTAL

CCSSM
State/Territory
Teachers
(N=226)
%
1.8
3.1

Non-CCSSM
State/Territory
Teachers
(N=34)
%
0.0
0.0

4.5

2.4

4.0

2.9

42.6
48.3
0.0
100.0

34.5
54.8
4.8
100.0

40.7
48.7
1.8
100.0

35.3
61.8
0.0
100.0

Table 33. Responses to “Mathematical modeling is included in curricular standards so that students
learn how to think mathematically.”

%
(n)

Completely
Disagree
0.0
(0)

Somewhat
Disagree
6.5
(17)

Neither
Agree Nor
Disagree
3.8
(10)

Somewhat
Agree
28.4
(74)

Completely
Agree
59.8
(156)

Don’t
Know
1.5
(4)

TOTAL
100.0
(261)

of the general sample, 88.1% agreed to some extent that this is one of the reasons modeling is
included. Further, of those who disagreed with this reason, none completely disagreed. Thinking
mathematically is an important result of mathematical modeling, but it is also an important result
of any instruction in mathematics. This indicates again that teachers believe that curricular
standards have been written from the “modelling as a vehicle” perspective (Galbraith, 2007);
modeling, in the opinion of most teachers, is included as another means of teaching mathematical
content and thought.
In comparing subgroups as shown in Table 34, it can be seen that experienced and
inexperienced teachers were largely similar in their opinions regarding mathematical modeling
being included in curricular standards so that students learn how to think mathematically. About
88% of each subgroup responded that they agreed to some extent with this reason for inclusion.
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Table 34. Responses to “Mathematical modeling is included in curricular standards so that students
learn how to think mathematically,” split by subgroup.
Experienced
Teachers
(N=177)
Completely Disagree
Somewhat Disagree
Neither Agree Nor
Disagree
Somewhat Agree
Completely Agree
Don’t Know
TOTAL

Inexperienced
Teachers
(N=84)
%
%
0.0
0.0
7.9
3.6

CCSSM
State/Territory
Teachers
(N=227)
%
0.0
7.0

Non-CCSSM
State/Territory
Teachers
(N=34)
%
0.0
2.9

4.0

3.6

4.0

2.9

26.6
61.6
0.0
100.0

32.1
56.0
4.8
100.0

30.0
57.3
1.8
100.0

17.6
76.5
0.0
100.0

Small differences lie in their level of agreement, with 61.6% of experienced teachers and 56.0% of
inexperienced teachers completely agreeing with this reason for inclusion. Teachers in CCSSM
states and territories neither agreed with this reason for inclusion as frequently nor as strongly as
their counterparts in non-CCSSM states and territories. Of teachers in CCSSM states and territories,
87.2% agreed to some extent, with 57.3% completely agreeing. Of teachers in non-CCSSM states
and territories, 94.1% agreed to some extent, with 76.5% completely agreeing.
As is seen in Table 35, the majority of teachers also agreed that mathematical modeling is
included in curricular standards so that students will be able to use mathematical models in school
subjects besides mathematics. Of the general sample, 78.5% agreed to some extent that this is the
case. There is a noticeable drop in agreement from the portion in agreement with inclusion in
curricular standards to think mathematically or to apply mathematical content. Further, like
learning to use mathematical modeling in their daily lives, and unlike learning to think
mathematically and to apply the mathematics they are learning, a smaller portion of teachers
completely agreed than somewhat agreed with this reason for inclusion in curricular standards.
While 30.0% of teachers completely agreed that mathematical modeling is included in curricular
standards essentially to support other school subjects, 48.5% somewhat agreed. It seems that
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Table 35. Responses to “Mathematical modeling is included in curricular standards so that students
learn how to use mathematical models in school subjects besides mathematics.”

%
(n)

Completely
Disagree
2.3
(6)

Somewhat
Disagree
8.1
(21)

Neither
Agree Nor
Disagree
7.7
(20)

Somewhat
Agree
48.5
(126)

Completely
Agree
30.0
(78)

Don’t
Know
3.5
(9)

TOTAL
100.0
(260)

teachers overall believe that modeling has been included for various reasons, but they have
interpreted the main focus of curricular standards as teaching mathematical content.
In comparing subgroups as shown in Table 36, it can be seen that experienced and
inexperienced teachers were nearly identical in their opinions regarding the inclusion of curricular
standards to that students learn how to use mathematical models in school subjects besides
mathematics. Inexperienced teachers were slightly more unsure than experienced teachers
regarding whether or not this is a reason mathematical modeling is included in curricular
standards. Comparing teachers in states and territories which have adopted the CCSSM and those
which have not adopted the CCSSM, it can be seen that there was a slight difference between them
in their level of agreement. Teachers in CCSSM states and territories showed a lower rate of
agreement and strength of agreement with mathematical modeling being included in curricula so
that students learn to use mathematical models in other school subjects than their counterparts in
non-CCSSM states and territories. Of CCSSM state and territory teachers, 48.7% somewhat agreed
and 29.2% completely agreed with this reason for inclusion, while 47.1% and 35.3% of non-CCSSM
teachers somewhat and completely agreed with this reason, respectively. Some CCSSM state and
territory teachers also responded that they didn’t know if this was a reason for inclusion, whereas
no non-CCSSM state and territories responded so.
The previous results indicate what teachers believe to be the intent of curriculum
developers in the creation of curricular standards. Those results do not indicate the personal
beliefs of the teachers themselves. As is seen in Table 37, the general sample has indicated that
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Table 36. Responses to “Mathematical modeling is included in curricular standards so that students
learn how to use mathematical models in school subjects besides mathematics,” split by subgroup.
Experienced
Teachers
(N=177)

Inexperienced
Teachers
(N=83)
%
%
2.8
1.2
9.0
6.0

Completely Disagree
Somewhat Disagree
Neither Agree Nor
Disagree
Somewhat Agree
Completely Agree
Don’t Know
TOTAL

CCSSM
State/Territory
Teachers
(N=226)
%
2.7
8.0

Non-CCSSM
State/Territory
Teachers
(N=34)
%
0.0
8.8

7.3

8.4

7.5

8.8

48.0
30.5
2.3
100.0

49.4
28.9
6.0
100.0

48.7
29.2
4.0
100.0

47.1
35.3
0.0
100.0

Table 37. Responses to “Mathematical modeling is useful in helping students develop a deeper
understanding of phenomena in the sciences.”

%
(n)

Completely
Disagree
0.0
(0)

Somewhat
Disagree
2.3
(6)

Neither
Agree Nor
Disagree
5.0
(13)

Somewhat
Agree
35.9
(93)

Completely
Agree
53.3
(138)

Don’t
Know
3.5
(9)

TOTAL
100.0
(259)

teachers themselves believe mathematical modeling to be useful in helping students develop a
deeper understanding of scientific phenomena. Of the general sample, 53.5% completely agreed
that modeling is useful in helping students develop a deeper understanding of phenomena in the
sciences, and an additional 35.9% somewhat agreed; no one in the general sample completely
disagreed. This is not surprising considering the frequent use of applications from physics in
mathematical texts. Note, however, that just less than 90% of the general sample agreed that
modeling is useful for the sciences, but less than 80% of the general sample agreed that
mathematical modeling is included in curricular standards to assist students’ ability to use
mathematical models in school subjects besides mathematics. The reasons motivating this
difference should be investigated further in future research.
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In comparing subgroups as shown in Table 38, it can be seen that experienced and
inexperienced were largely similar in their opinions regarding mathematical modeling being useful
in helping students develop a deeper understanding of phenomena in the sciences. The greatest
difference between them, which itself is small, is that 6.0% of inexperienced teachers responded
that they don’t know whether or not mathematical modeling is useful for this purpose, whereas just
2.3% of experienced teachers responded this way. The greatest difference between teachers in
CCSSM states and territories and teachers in non-CCSSM states and territories is found in the
strength with which they agreed that modeling is useful for helping students understand
phenomena in the sciences. A greater portion of non-CCSSM state and territory teachers than
CCSSM state and territory teachers completely agreed with this use, with 61.8% of non-CCSSM and
52.0% of CCSSM state and territory teachers, respectively, responding this way.
Table 38. Responses to “Mathematical modeling is useful in helping students develop a deeper
understanding of phenomena in the sciences,” split by subgroup.
Experienced
Teachers
(N=176)
Completely Disagree
Somewhat Disagree
Neither Agree Nor
Disagree
Somewhat Agree
Completely Agree
Don’t Know
TOTAL

Inexperienced
Teachers
(N=83)
%
%
0.0
0.0
2.3
2.4

CCSSM
State/Territory
Teachers
(N=225)
%
0.0
2.7

Non-CCSSM
State/Territory
Teachers
(N=34)
%
0.0
0.0

5.7

3.6

4.9

5.9

36.4
53.4
2.3
100.0

34.9
53.0
6.0
100.0

36.9
52.0
3.6
100.0

29.4
61.8
2.9
100.0

As is seen in Table 39, teachers in the general sample, while agreeing that mathematical
modeling is useful in the humanities (as well as the social sciences), were more reluctant to agree
about its utility in the humanities and social sciences than they were about its utility in the sciences.
Just under two thirds of the general sample (66.9%) indicated some level of agreement that
modeling is useful in the humanities. About 8% disagreed that it is useful in the humanities, and
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Table 39. Responses to “Mathematical modeling is useful in helping students develop a deeper
understanding of phenomena in the humanities (for example, languages, literature, history, the arts,
and social sciences).”

%
(n)

Completely
Disagree
0.8
(2)

Somewhat
Disagree
7.3
(19)

Neither
Agree Nor
Disagree
18.1
(47)

Somewhat
Agree
44.6
(116)

Completely
Agree
22.3
(58)

Don’t
Know
6.9
(18)

TOTAL
100.0
(260)

nearly one fifth of the general sample, 18.1%, did not agree nor disagree. Furthermore, nearly 7%
of the general sample did not know if mathematical modeling is useful in developing a deeper
understanding of the humanities and social sciences (note that, in comparison, just 3.5% of the
general sample did not know if modeling is useful in the sciences). This is likely indicative that
most teachers are not as familiar with how mathematical models can be used in these areas as they
are with how they can be used in the sciences. This is conjecture, though, and should be explored
with further research.
In comparing subgroups as shown in Table 40, it can be seen that experienced teachers
were more likely than inexperienced teachers to agree that mathematical modeling is useful in
helping students develop a deeper understanding of phenomena in the humanities. Of all
experienced teachers, 69.5% agreed to some extent that mathematical modeling is useful for this
purpose, while 61.4% of inexperienced teachers agreed with this. A larger share of inexperienced
teachers than experienced teachers also indicated that they did not know if mathematical modeling
is useful for this purpose, with 12.0% of inexperienced teachers and 4.5% of experienced teachers
responding this way. The data also show that teachers in CCSSM states and territories were less
likely to agree than their peers in non-CCSSM states and territories that mathematical modeling is
useful for helping students understand phenomena in the humanities. Of the teachers in CCSSM
states and territories, 66.4% agreed to some extent that mathematical modeling is useful for this
purpose and of the teachers in non-CCSSM states and territories, 70.6% agreed to some extent with
this.

65
Table 40. Responses to “Mathematical modeling is useful in helping students develop a deeper
understanding of phenomena in the humanities (for example, languages, literature, history, the arts,
and social sciences),” split by subgroup.
Experienced
Teachers
(N=177)
Completely Disagree
Somewhat Disagree
Neither Agree Nor
Disagree
Somewhat Agree
Completely Agree
Don’t Know
TOTAL

Inexperienced
Teachers
(N=83)
%
%
0.6
1.2
6.8
8.4

CCSSM
State/Territory
Teachers
(N=226)
%
0.9
7.5

Non-CCSSM
State/Territory
Teachers
(N=34)
%
0.0
5.9

18.6

16.9

18.1

17.6

46.3
23.2
4.5
100.0

41.0
20.5
12.0
100.0

45.6
20.8
7.1
100.0

38.2
32.4
5.9
100.0

Case Studies
Alice
Alice is an eighth grade teacher who teaches grade 9 mathematics to advanced students.
She teaches no other subject. She has been teaching for nine years, two at the college level and
seven at the middle school level, also having taught grade 7. Her educational background includes
degrees completed in mathematics and education. She is pursuing a doctorate in mathematics
education. While working to complete her doctorate, she enrolled in a graduate course which had
its primary focus on mathematical models as a means to apply mathematics that has already been
learned and to teach mathematics not typically found in other mathematics content courses in
graduate schools of education. In her interview, Alice said that she was very familiar with the
CCSSM, but she had little experience with modeling. She stated that she is very experienced in
problem-based learning, which she does not identify as modeling but recognizes similarities
between them.
As is seen in Table 41, before taking the professional development course in mathematical
models, Alice’s pre-course data show that she did not always have the typical conceptions as shown
in the general sample. On her pre-course survey, regarding mathematical models, she did not agree
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Table 41. Selected responses from Alice compared to the majority of the general sample.

Statement

Mathematical models can be physical
manipulatives … .
Repeating steps is part of the
mathematical modeling process.
Mathematical modeling situations
come from “whimsical” or unrealistic
scenarios.
The mathematical modeling process
involves making revisions.
A mathematical modeling situation
can result in various, different
mathematical models.
Mathematical modeling is included
in curricular standards so that
students learn how to use
mathematical models in school
subjects besides mathematics.
Mathematical modeling is useful in
helping students develop a deeper
understanding of phenomena in the
sciences.
Mathematical modeling is useful in
helping students develop a deeper
understanding of phenomena in the
humanities… .

General Sample
Majority
Completely Agree
(72.3%)
Usually
(47.5%)

Alice
Pre-Course
Neither Agree
Nor Disagree

Alice
Post-Course

Always

Usually

Occasionally
(64.0%)

About Half
the Time

Never

Usually
(53.4%)

Always

Usually

Usually
(58.2%)

Always

Always

Somewhat Agree
(48.5%)

Neither Agree
Nor Disagree

Completely Agree

Completely Agree
(53.3%)

Completely Agree

Completely Agree

Somewhat Agree
(44.6%)

Completely Agree

Completely Agree

Somewhat Agree

or disagree with the statement that physical manipulatives can be mathematical models. This is
much closer to a correct conception than most members of the general sample. Regarding
mathematical modeling as a process, she claimed that modeling situations come from whimsical or
unrealistic situations about half the time. This represents a major misconception about the nature
of mathematical modeling, one that is not consistent with the majority of the general sample. She
further claimed that repeating steps and making revisions are always part of the mathematical
modeling process. Both of these estimations are inconsistent with those of the experts and the
general sample; this may be a result of limited experience with mathematical modeling. She also
answered that modeling situations can always result in various, different mathematical models.
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This is unlike the majority of the general sample as they tended toward the idea that this can
usually happen, but most in the general sample were reluctant to claim that this is always possible.
Her responses to the section Mathematical Modeling and Education also differed somewhat from
the general sample. She neither agreed nor disagreed that mathematical modeling is included in
curricular standards so that students learn how to use mathematical models in school subjects
besides mathematics but completely agreed that mathematical modeling is useful in helping
students develop a deeper understanding of both the sciences and humanities.
Upon completion of her course, Alice had nine changes over 20 statements related to her
conceptions of mathematical models and modeling, although only two of these nine changed
responses showed a major change in conception (“major change” being a change of at least two
steps on the interval scale). One major change was in her conception about the nature of possible
mathematical modeling scenarios. At the beginning of the course, she had responded that
mathematical modeling situations come from whimsical or unrealistic scenarios about half the
time, whereas upon completion of her course, she responded that they may never do so. This
change represents a move to a correct conception. During her interview, Alice was asked if she
would choose less realistic scenarios from which to create modeling situations for her students in
order to save class time in which students would be grappling with choosing what the parameters
of a situation are or what assumptions to make. She indicated that if she were to come up with
mathematical modeling situations on her own, she would focus on student interests and not choose
less-realistic scenarios to help students in the idealization process. She stated that since helping
students make use of prior knowledge about a situation in order to proceed is such an important
aspect of modeling education, she would make sure the parameters of the situation were not
ambiguous and make sure that the students didn’t have to make too many assumptions. It seems
clear that she is very concerned with ensuring that a modeling situation comes from a real-world
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scenario in her own classroom. However, she stated that she could imagine situations in which
scenarios not from the real world could be used in mathematical modeling instruction.
She also changed her opinion regarding including mathematical modeling in curricular
standards so that students learn how to use mathematical models in school subjects besides
mathematics. She had originally neither agreed nor disagreed with this idea and then changed to
complete agreement. Since she felt, and continued to feel, that mathematical modeling is useful in
understanding phenomena in both the sciences and the humanities, this change may indicate that
she now believes that curricular standards in mathematics were written with more than just
mathematical content in mind.
Alice had some smaller changes in her conceptions that indicated small moves toward the
correct or more accepted conception. This was particularly evident in her conceptions about the
process itself. There are some features of the mathematical modeling process that require
experience with it in order to identify how frequently these features occur. Alice had originally
thought that mathematical modeling always requires repeating steps; after the course she believed
repeating steps usually – but not always – to be involved in the process. This is in line with expert
opinions. She also moved more toward expert opinions regarding the frequency with which
revisions are involved. She originally answered that they are always involved but again moved to
revisions usually being involved after she completed the course. Expert opinion is that they are
involved about half the time. Given that she is a teacher and a student and not a professional
applied mathematician, however, this is perhaps a more reasonable answer and expectation for
how often non-professionals may have to revise their work in order to reach a reasonably
appropriate model and understanding or solution.
Alice also had one small change in the undesirable direction. She had originally indicated
that she neither agreed nor disagreed that mathematical models could be physical manipulatives.
After the course, she changed her response to this idea by saying that she somewhat agreed that
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mathematical models could be physical manipulatives. This is an interesting change because her
instructors never used physical manipulatives in her recollection at the time of the interview.
Interestingly, by the time of the interview, she described physical manipulatives as “just
representations… just a way to make physical an intangible object.” She explained that
manipulatives are just representations of the situation, whereas the mathematical model is the way
those manipulatives are used: “What you do to the physical objects is the math and how you
rearrange [them] is the math.” This unstable range of opinion regarding physical manipulatives
may be an indication that her views on the nature of mathematical models were still volatile at the
time of the post-course survey and took a longer time to stabilize in her knowledge-base.
Overall, the professional development course on mathematical models had a positive
impact on Alice’s conceptions of models and the modeling process. Her ideas about what can be
expected over the course of the modeling process were the most drastically improved. This is a
surprising result considering the focus of the course was not on the process itself but rather
mathematical models and the interesting mathematics that results from famous examples of
models.
Alice’s mathematical modeling activity was answered correctly. However, she made some
assumptions that she never explicitly stated; whether or not she was aware of having made those
assumptions is unclear. For instance, she assumed that all speeds were constant. This is a typical
assumption to make in distance/rate/time questions that appear in mathematics and physics texts
and related materials. However, in the real world, this is something that is not necessarily the case.
She also assumed that the two lanes in which the cars were driving were both straight and thus the
distances traveled by each of the cars in the two lanes were equal. Although turns in the road
would give a negligible difference in distance traveled, it is still not the case that these are exactly
equal. Alice also proved herself correct, in a way, by completing the modeling activity without
having to repeat any steps or to make revisions due to the need to make more, fewer, or different
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assumptions (beyond those that were already built into the activity), under- or over-simplifying the
real-world situation, or even taking a mathematical misstep. Thus, her original response that
repeating steps and making revisions are always necessary in the process could have been seen to
be incorrect in this case; her post-course responses to the survey indicated that these are more
simply usually part of the process, but not always. Finally, sometimes Alice compared her results
with the real world, but not consistently. Given three related but slightly different situations to
model, only once did she consider using numbers instead of variables to check the problem to see if
they gave reasonable results (they did), and there was no discussion of these results being
consistent with her own experiences. This lack of justification, though, may have been a result of
her ease of solving the problem. It is possible that the mathematics that she used to solve the
problem was so familiar to her that she assumed it was right and as a result did not see a need to
check her results, simply relying on the previous work of others. Thus, Alice’s implementation of
the modeling process in this case was largely consistent with her reported conceptions on the postcourse survey, indicating that her understanding of mathematical models and modeling, and her
ability to implement mathematical modeling, showed positive gains over the time spent in the
modeling course.
Alice’s opinion of mathematical modeling in education was overall a positive one. However,
she expressed concerns about a “packed curriculum,” the time that is required to prepare a
modeling lesson on the part of the teacher, and the time that is required to proceed through the
mathematical modeling process effectively on the part of the students. Her major concerns were in
students’ abilities to complete the first steps of the process; she named determining exactly what
question is being asked, what information is needed, what type of mathematics to use, and
determining how good an estimation must be to consider an estimated solution successful. Further,
she said that students become “uneasy” when dealing with open-ended questions that aren’t taken
directly from a section in their textbooks. She said that because of these obstacles, and because she
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doesn’t feel that she has access to peers and colleagues of a like mind to collaborate with to develop
good modeling situations and lessons for her students, she feels under-prepared to teach
mathematical modeling to her population of advanced students. It seems that while modeling
would help her achieve some of her personal goals for mathematics education, teaching in this way
is not feasible in the current state of curriculum and her and her colleagues’ preparation.
Catherine
Catherine is the most experienced teacher from the professional development group, having
nine years of formal experience teaching and at least six years of informal experience in religious,
library, computer, and special education. (She is certain that her informal teaching experience
amounts to at least 6 years, but believes that time may be longer.) She teaches only mathematics
for grades 9-12 but holds degrees in mathematics and finance, and is working toward a doctoral
degree in mathematics education. Catherine enrolled in two different professional development
courses on mathematical modeling in two consecutive semesters. The first of these courses was
focused on mathematical models as a means to apply mathematics that has already been learned
and to teach mathematics not typically found in other mathematics content courses in graduate
schools of education (the same course as Alice). In Catherine’s opinion, the first course was also
concerned with historical solutions related to different mathematical models. The second of these
courses had as its primary focus the mathematical modeling process and the pedagogy of
mathematical modeling. Catherine was given a pre-course survey prior to the first course, a postcourse survey after completing the first course and before beginning the second, and finally a postcourse survey after completing the second course. She completed a mathematical modeling activity
between the end of the first course and the beginning of the second course, and was interviewed
after completing the second course.
Catherine’s responses to the survey statements indicate that neither one of the courses on
models and modeling had a significant impact on her conceptions of the topic, shown in Table 42.
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Table 42. Selected responses from Catherine compared to the majority of the general sample.

Statement

Mathematical models can be
physical manipulatives… .
Mathematical models can be used
to explain the underlying causes in
a given situation.
Repeating steps is part of the
mathematical modeling process.
Mathematical modeling situations
come from “whimsical” or
unrealistic scenarios.
The mathematical modeling
process involves making revisions.
Mathematical modeling is
useful in helping students develop
a deeper understanding of
phenomena in the humanities… .

General
Sample
Majority
Completely
Agree
(72.3%)
Completely
Agree
(51.5%)
Usually
(47.5%)

Catherine
Pre-Course

Catherine
First
Post-Course

Catherine
Second
Post-Course

Completely
Agree

Completely
Agree

Completely
Agree

Somewhat
Disagree

Completely
Agree

Completely
Agree

Always

Always

Usually

Occasionally
(64.0%)

Never

Occasionally

Occasionally

Usually
(53.4%)

Always

Always

Usually

Somewhat
Agree
(44.6%)

Completely
Agree

Somewhat
Agree

Completely
Agree

Before either course started, her conceptions were almost in line with those of the general sample.
Regarding mathematical models, prior to either course and similar to the general sample, she
completely agreed that mathematical models could be physical manipulatives, a major
misconception. Unlike the general sample, she disagreed that mathematical models could be used
to explain the underlying causes in a situation, another misconception. Also prior to the course,
regarding mathematical modeling, she believed that mathematical modeling always requires
repeating steps and making revisions. Recall that the experts and general sample indicated that
repetitions and revisions were usually involved; the strict interpretation of “always” is considered a
misconception. Unlike the general sample, Catherine indicated that mathematical models may
never come from whimsical or unrealistic situations, a correct conception which less than 15% of
the general sample holds. Finally, in terms of mathematical modeling in education, prior to either
course, Catherine’s conceptions were similar to the general sample’s conceptions, except that she
agreed even more strongly with the ideas that mathematical modeling is included in curricular
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standards so that students learn how to use mathematical models in school subjects besides
mathematics and is especially useful in understanding the humanities.
After the first course (on mathematical models) was complete, but before the beginning of
the second course (on mathematical modeling), Catherine had a major change in conceptions
regarding the use of mathematical models to explain the underlying causes of a situation. Whereas
previously she had somewhat disagreed with this potential use, after the course, she completely
agreed with it. There was no change in this conception after the second course. She only had one
change in conceptions about the modeling process after the first course and this was a change from
a correct conception to an incorrect one. Prior to the course, Catherine indicated that mathematical
models could never come from whimsical or unrealistic scenarios, whereas after, she indicated that
they may occasionally do so. Interestingly, Catherine indicated in her interview that she could not
recall encountering a mathematical modeling scenario that she felt was unrealistic. It is unclear,
then, why she would have changed her mind from her original answer. She had just one more
change in conceptions, also surprising, in that after the first course she no longer completely agreed
that mathematical modeling is useful in helping students develop a deeper understanding of
phenomena in the humanities; while she still agreed, it was to a lesser extent. This move indicates a
move away from expert opinion and towards that of the majority of the general sample.
After the second course (which focused on mathematical modeling), Catherine corrected
two of her conceptions, both of which were related to the modeling process. She became less strict
in her estimation of how often it is necessary to repeat steps as well as how often revisions must be
made. She no longer believed these always to be necessary and moved closer to the estimations of
experts. In her interview, she reported that this may be due to more extensive experience with the
process as a result of her participation in a course focused on the process itself instead of just
models and mathematics. She also again came to agree completely with the idea that mathematical
modeling is useful in helping students develop a deeper understanding of phenomena in the
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humanities. Her participation in the second course did not correct her conceptions about from
where mathematical modeling scenarios may come (she still indicated that they may occasionally
come from whimsical or unrealistic scenarios) nor her misconception that physical manipulatives
may be mathematical models (she still completely agreed that they could be). In her interview,
Catherine gave two examples of models which she considered to be mathematical models. The first
was a physical model that she had seen which represented a physical situation in a more compact
form. It was a useful instructional tool, in her opinion, and she indicated the physical model was
necessary in order to understand the mathematical model. Upon being asked if that represented
the final mathematical model, she indicated at that point that it wasn’t a mathematical model;
instead, she stated, “it was a heuristic.” She then explained another physical model which
represented a different physical situation. It was a model of hummingbirds’ flights used to
understand “some kind of aeronautical vehicle” that was being designed. She stated that, indeed,
this was a mathematical model because in their creation, certain assumptions were made and they
were modified based on how well they initially represented hummingbirds’ flights. She asked and
answered herself, “Are they mathematical models? I’d say ‘yes.’” She then indicated that
mathematical models need not only be on paper; they may be tangible, as well. Catherine’s struggle
with exactly how to determine the distinction between mathematical models and other types of
models indicates that she still needs further instruction in what makes a model a mathematical
model.
Catherine’s mathematical modeling activity responses were largely consistent with her
conceptions as stated on her second post-course survey; however, the modeling activity was
completed before she filled out the first post-course survey. Within the activity, she did not repeat
any steps nor did she make any revisions to her process even though she indicated these were
always necessary on her first post-course survey. Note that both of these conceptions changed at
some point after taking the first post-course survey; this is probably a result of one or both of the
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following reasons: either the instruction from the first course solidified into acquired
understanding after the post-course survey was administered or the experience of practicing
modeling as a process in the second course helped her gauge the nature of the typical mathematical
modeling process better. Catherine, like most teachers of mathematics, consistently and completely
agreed that mathematical modeling always requires checking a solution to see if it makes sense in
the context of the real world. However, the mathematical modeling activity makes use of a common
equation (d = rt, distance equals rate multiplied by time), so, like other members of the
professional development group, Catherine did not check to see if her answer made sense in the
real world and instead relied on the previous work of mathematicians. Had she tried an example to
see if it was sensible, she likely would have noticed that she had not used consistent units and that
one of her models was off by a considerable factor. (In describing the difference between two
distances traveled over equal time periods, she gave r1t+53, where r1 was in miles per second, t was
measured in seconds, and the unit describing 53, in the problem, was feet. The vehicle that actually
traveled an additional 53 feet in t seconds, according to the equation she wrote, travelled an
additional 53 miles.) It can be seen here that Catherine’s reported conceptions of modeling were
not very consistent with her practice of mathematical modeling, at least not before she participated
in the second professional development course. This may indicate that teachers need significant
experience in practicing mathematical modeling as opposed to learning solely about mathematical
models. Of course the latter is also beneficial in the professional development of teachers, but it
should be noted that models must be chosen carefully so they do not allow for misconceptions to
develop. Explicit instruction in the characteristics of a mathematical model, along with its potential
uses, may also be in order.
In her interview, Catherine had strong opinions about mathematical modeling in education.
In her opinion, the purpose of mathematics education is to teach students how to solve a problem
with which they are faced by identifying relevant information and using logical thought to solve it:
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“[The purpose of mathematics education is] to teach anyone that when you’re faced with this
situation, a problem, to be able to systematically identify what the real question is, what do you
know, what do you not know, and how can you use what you know to solve [or] to answer that
question.” Despite the apparent alignment with the purpose of mathematical modeling instruction,
she indicated that mathematical modeling, as she understood it after the completion of both
courses, is feasible to implement in school instruction, but it would be difficult for broad or
widespread implementation. She believes that learning to teach modeling and developing teachers’
“own sense of security in the process” would require much more time and professional
development than is available. She indicated that professional learning communities in which
collaboration occurred with colleagues and professional peers would be extremely helpful. In
discussing the mathematical modeling process, in a single response, she used the words “struggle,”
“difficulty,” “ambiguity,” “unsettling,” and “overwhelmed.” She expressed concern that the difficulty
of the mathematical modeling process may overwhelm students, leaving them without a feeling of
success, and may cause them to turn away from mathematics. Another concern she had was
determining the right point in the curriculum at which to place a mathematical modeling activity.
She said that if the topic were placed immediately after a specific unit, for instance, geometry,
students would be much more likely to assume that a geometric approach should be taken to solve
the problem. She says this, in turn, would defeat the purpose of the modeling activity. Lastly, she
described time as an obstacle for including mathematical modeling in instructional activities.
Despite each of these obstacles, Catherine overall seemed to indicate that she believes modeling is
useful for students, but it will be a challenge to implement.
Edward
Edward is in his first year of teaching. He teaches grades 9 and 10, but his student teaching
also included teaching grade 7. He teaches only mathematics, but his previous educational
experience includes an undergraduate degree in management with an additional focus in computer
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science and a graduate degree in mathematics education. He is pursuing a doctoral degree in
mathematics education. He enrolled in a professional development course on mathematical
modeling that had as its focus mathematical modeling and the pedagogy of teaching mathematical
modeling. (This was the same course as the second one in which Catherine participated.) Edward
is a career-changer, previously having worked in finance for more than two decades. In his
interview, he described having used many mathematical models in his previous positions and thus
felt very comfortable with models and modeling. He noted, however, that his graduate education
after working in finance led him to expand his understanding of models and modeling, as the
subject-matter was not restricted only to financial fields.
As is seen in Table 43, on his pre-course survey, Edward differed very little from the
consensus of the general sample with regard to mathematical models. The only exceptions are with
regard to the strength with which he agreed that mathematical models can be physical
manipulatives and scaled visual representations such as maps (he only somewhat agreed whereas
the general sample completely agreed). He also differed very little from the general sample
regarding his conceptions of the mathematical modeling process. There were two notable
exceptions; he indicated that the mathematical modeling process always involves making choices
and assumptions, whereas the general sample indicated that this is only usually the case for each.
This means that he had a better understanding of the mathematical modeling process compared to
the general sample. Edward differed from the general sample in several cases in his responses
regarding the use of mathematical modeling in education, albeit only with respect to his level of
agreement with each of the purposes, not with respect to a significantly varying opinion. That is, on
his pre-course survey, he completely agreed that mathematical modeling is included in curricular
standards so that students learn to use mathematics in their daily lives and learn to apply the
mathematics they are learning. The general sample somewhat agreed with the former reason for
inclusion. He somewhat agreed that mathematical modeling is included in curricular standards so
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Table 43. Selected responses from Edward compared to the majority of the general sample.
Statement

Mathematical models can be physical
manipulatives… .
Mathematical models can be visual
representations such as a scaled map
of the county or an architectural
blueprint.
Repeating steps is part of the
mathematical modeling process.
Mathematical modeling situations
come from “whimsical” or unrealistic
scenarios.
The mathematical modeling process
involves making choices.
The mathematical modeling process
involves making assumptions.
The mathematical modeling process
involves making revisions.
Mathematical modeling is included
in curricular standards so that
students learn to use mathematics in
their daily lives.
Mathematical modeling is included
in curricular standards so that
students learn how to think
mathematically.
Mathematical modeling is included
in curricular standards so that
students learn how to use
mathematical models in school
subjects besides mathematics.
Mathematical modeling is useful in
helping students develop a deeper
understanding of phenomena in the
sciences.
Mathematical modeling is useful in
helping students develop a deeper
understanding of phenomena in the
humanities… .

General Sample
Majority
Completely Agree
(72.3%)

Edward
Pre-Course

Edward
Post-Course

Somewhat Agree

Completely Agree

Completely Agree
(63.8%)

Somewhat Agree

Somewhat
Disagree

Usually
(47.5%)

Usually

About Half
the Time

Occasionally
(64.0%)

Occasionally

Usually

Always

Always

Always

Always

Usually

About Half
the Time

Somewhat Agree
(44.4%)

Completely Agree

Somewhat Agree

Completely Agree
(59.8%)

Somewhat Agree

Completely Agree

Somewhat Agree
(48.5%)

Somewhat Agree

Somewhat
Disagree

Completely Agree
(53.3%)

Completely Agree

Neither Agree
Nor Disagree

Somewhat Agree
(44.6%)

Somewhat Agree

Somewhat
Disagree

Usually
(44.9%)
Usually
(34.8%)
Usually
(53.4%)

that students learn to think mathematically and learn how to use mathematical models in school
subjects besides mathematics. The general sample completely agreed with the former. This may
indicate that Edward believed in an “application-oriented” purpose of mathematical modeling in
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school curricula; that is, it may be that Edward believed that mathematical modeling is mainly
included for applying mathematics to everyday life, and it is not included for mathematical
development beyond applications. Note, however, that he completely agreed that mathematical
modeling is useful in helping students develop a deeper understanding of phenomena in the
sciences, and he somewhat agreed that mathematical modeling is useful in helping students
develop a deeper understanding of phenomena in the humanities, so he did believe that
mathematical modeling can be useful outside of applications alone.
On his post-course survey, Edward had various changes in conceptions, several of which
were undesirable. He had three changes with respect to mathematical models, only one of which
was a major change. His misconception about physical manipulatives was not fixed, and instead it
was made worse. He changed from somewhat agreeing to completely agreeing that mathematical
models can be physical manipulatives. On his post-course survey, Edward also stated that he
somewhat disagreed that a mathematical model could be a scaled visual representation, such as a
map, whereas he had previously said the somewhat agreed. This represents a major change in his
conceptions of a mathematical model, but it does not represent either a correct or incorrect
conception, as there is no agreement in the literature about these types of representations.
Regarding the mathematical modeling process, Edward had indicated three changes in conceptions,
although there was only one major change and that change was one to which he added a caveat on
his survey paper. The two minor changes were in the frequency with which repeating steps and
making revisions are part of the mathematical modeling process. In both, he made a minor change
from indicating these were usually part of the process to indicating they were involved in the
process about half the time. He moved away from expert opinion in his estimation of how
frequently repeating steps is involved and toward expert opinion in his estimation of how
frequently making revisions is involved. Neither of these changes is major, however, and his
conceptions in both cases should be considered correct. He had a major change in conceptions on
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his post-course survey about the frequency with which mathematical modeling situations come
from whimsical or unrealistic scenarios. He changed from answering that they may come from
these scenarios “occasionally” to “usually.” This, however, was not his true opinion, as he indicated
both on his survey paper and in his interview. He chose “usually” but circled in a contrasting ink
color the words “In school!” He clarified this in his interview and said that “Usually, in school,
they’re unrealistic or whimsical because in life, in industry, they’re never – almost never –
whimsical. You’re working on something real, [something] you care about.” Thus, Edward can be
considered in actuality to believe that mathematical modeling situations may never come from
unrealistic scenarios (correct) or perhaps they may occasionally come from unrealistic scenarios
(incorrect). Edward also had some surprising changes in conceptions about the reason
mathematical modeling is included in curricular standards and the use of mathematical modeling.
Small changes were that he no longer completely agreed that mathematical modeling is included in
curricular standards so that students learn to use mathematics in their daily lives, changing his
response to “somewhat agree.” He moved from somewhat agreeing to completely agreeing that
mathematical modeling is included in curricular standards so that students learn to think
mathematically. These are not drastic changes, but they may indicate that participation in the
professional development course caused Edward to believe that the intent of including modeling in
curricular standards is learning mathematical content. What was surprising, though, was that
Edward moved from somewhat agreeing to somewhat disagreeing that mathematical modeling is
included in curricular standards so that students can learn to use mathematical models in school
subjects besides mathematics. He also changed from completely agreeing to neither agreeing nor
disagreeing that mathematical modeling is useful in helping students develop a deeper
understanding of phenomena in the sciences, and somewhat agreeing to somewhat disagreeing that
mathematical modeling is useful in helping students develop a deeper understanding of phenomena
in the humanities. He said in his interview that mathematical modeling is included in the CCSSM
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“because it is an important use of mathematics, valuable for students to learn. To be able to use
math in a modeling context which is often the way you use math in real life or in work.” He said
that modeling could be applied in other school contexts, but he said he could not determine if it was
important for those subjects because he couldn’t determine the specific purpose of education in
other school subjects.
Edward’s mathematical modeling activity was done correctly. Like several of the other
participants, he did not show any evidence of checking his work to see if it made sense in terms of
the original situation. Also like several of the other participants, the assumptions and choices he
made were not clear, so it cannot be determined whether or not he was aware of making them.
Edward indicated on his post-course survey that some aspects of the mathematical modeling
process happen less frequently than he indicated on his pre-course survey (specifically, he
mentioned repeating steps and making revisions occur about half the time, as opposed to on his
pre-course survey in which he indicated these are usually involved). Edward did not need to revise
nor repeat any steps of the mathematical modeling process to arrive at his solution; it seems that
his extensive experience with mathematical models and modeling in finance may have prepared
him well for models encountered in the context of the secondary school (a fact which he may not
have realized until after participating in the professional development course).
Interestingly, during his interview, he was asked to describe a mathematical model. He
described it as “a tool to understand a real-world situation; an abstraction that maintains important
relationships and … attempts to mirror the important relationships in a real-world situation using
much simpler mathematical abstractions.” He then went on to try to distinguish between models
and mathematical models: “[A model is an] easier-to-work with system, representing and
paralleling the real world, except in mathematical models, we’re using the mathematical symbols
instead of [other] systems.” This distinction then led him to rethink his conception relating to
physical manipulatives: “… maybe the mathematical model has to be a mental abstraction. We can
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draw it or build it to help us visualize it. … That [prop] is not a mathematical model. That prop is
helping us visualize and conceptualize the mathematical model which we hold in our head.” He
then decided that, based on his hypothesized description of a mathematical model, that a physical
manipulative could not be a mathematical model. After formulating his description of a
mathematical model, he maintained that a map could not be a mathematical model, but another
tool.
On his post-course survey, Edward indicated that mathematical modeling situations may
usually come from whimsical or unrealistic scenarios, except that he included a note that said “In
school!” In his interview, he indicated that mathematical modeling problems are “almost never
whimsical.” He said that he doesn’t believe that this is the case in real-life, but that textbook
problems “are little, made-up problems” so that students can practice using a concept they’ve
learned. He said that also, most real-life mathematical modeling situations are too difficult or take
too long for students to solve. He said that this technique of giving simpler problems instead of true
situations, in his opinion, is not bad, but that “it’s incomplete. It should be a small part of what
we’re doing, instead of the only thing that we’re doing. It’s little, tiny practice things and no hard,
long activities.” This may indicate that teachers believe that real-world problem solving problems
and possibly even simple word problems qualify as mathematical modeling problems. It is
arguable that among the most important skills in mathematical modeling are the ability to identify
the important objects and relationships between those objects and the ability to mathematize the
real-world situation. Always avoiding practice with these skills, which seems to be what Edward
was describing in his allowance for “little, made-up problems” that are less time-consuming and
difficult for students to solve, would cause students never to practice modeling. Note also that
Edward described mathematical modeling when he contrasted with “little, tiny practice things” by
using the description, “hard, long activities.” This gives further insight into how teachers may
perceive of mathematical modeling. Some teachers may understand mathematical modeling to be
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simply something that requires a significant amount of time and work, and not a procedure having
a set of defining characteristics.
Edward stated that the purpose of education in general is that “you want [students] to be
good citizens, you want them to be good workers, and you want them to be free individuals that
develop their own humanity and potential,” with the last of these being the most important cause.
Mathematics education, in his opinion, supports that latter cause through the aesthetic value of
mathematics. Mathematical modeling, in his opinion, “is the application of abstract mathematics to
real problems, to questions that we care about, and … there is no modeling in the abstract
mathematics as art, as aesthetic,” but he wasn’t willing to stand by this assertion completely. This
statement implies that Edward does not believe mathematical modeling aids the most important
purpose of mathematics education (in his opinion), but it does fit in to a less-important purpose.
Paradoxically, he also said that “[in a new, ideal world], the idea of using real-world, practical, hard,
long, messy problems, incomplete information, group work motivated over time that solves
something interesting – all that I think characterizes modeling – that’s the bulk of what
mathematics education should be.” It seems that Edward is still working at determining for himself
exactly his opinion on the purpose and use of mathematical modeling.
Edward indicated several obstacles to incorporating mathematical modeling in the
classroom, most of which were concerned with obstacles the teacher faces. Some of the obstacles
he stated are the difficulty in teaching in terms of being able to solve problems that aren’t “rote,” the
amount of time it takes to teach modeling lessons, classroom management, the likelihood that
students don’t learn what is expected of them, lack of resources such as textbooks, and no
assessment available. Edward said that he believed that in terms of models and modeling as a
content area, he was well-prepared; however, he believed this to be insufficient preparation and
described needing further pedagogical preparation. He said most of what he got out of the
professional development course was pedagogical preparation, but he still lacked confidence in his
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ability to teach. He stated, however, that he felt that this was a symptom of being a new teacher, not
of teaching modeling.
Deana
Deana is a prospective mathematics teacher planning to begin teaching within a year of
taking a professional development course with a focus on mathematical modeling. She also
completed two semesters of student teaching as an undergraduate. She plans to teach only
mathematics in the early secondary school (grades 7-9). She holds an undergraduate degree in
secondary (7-12) mathematics education and is working toward a graduate degree in secondary
mathematics education. Deana participated in a course on teaching secondary mathematics as part
of a degree requirement. This course focused on the mathematical topics taught at the secondary
level but studied them at an advanced level with an additional aim of understanding pedagogy
related to these topics. Modeling was included as a component of the course as this course was also
intended to prepare students for current curricular expectations in schools. The graduate students
spent time working through a modeling problem from a sourcebook of modeling lessons intended
for the high school level. As part of their pedagogical preparation, after working on each modeling
problem, they critiqued the lesson, making judgments about for which grade levels each lesson was
appropriate, and what adjustments they would make to each lesson. In her second semester of
student teaching as an undergraduate, the CCSSM had been released and her cooperating teacher
began incorporating the CCSSM in her student teaching classroom at the point. Each of her
graduate classes also incorporated some discussion of the CCSSM, although through different lenses
(e.g., use of technology or means of implementation). Outside of the professional development
(graduate) course that was a focus of the present study, Deana previously had been exposed to the
idea of modeling through discussions of making use of technology in the CCSSM. It should be noted
that between completing the post-course survey and being interviewed, Deana was enrolled in a
continuation course in which mathematical modeling instruction was also taking place.
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As can be seen in Table 44, regarding mathematical models, Deana (incorrectly) completely
agreed with the general sample on her pre-course survey and indicated that mathematical models
can be physical manipulatives. She did not differ from the general sample in any major way in her
conceptions of mathematical models. Regarding the mathematical modeling process, Deana was
again in agreement with the general sample on her pre-course survey when she indicated that
mathematical modeling situations can occasionally come from whimsical or unrealistic scenarios.
Deana differed from the general sample on her pre-course survey in several cases. Deana indicated
that repeating steps is only occasionally part of the mathematical modeling process, whereas the
majority of the general sample said it was usually part of the process. She also incorrectly indicated
that the mathematical modeling process usually requires checking if a solution makes sense in
terms of the original situation, whereas this is always the case. She indicated that she did not know
how often the mathematical modeling process involves making choices or how often the process
results in an exact answer or answers. Regarding mathematical modeling and education, Deana
interestingly did not completely agree with any of the four given reasons for including
mathematical modeling in curricular standards (so that students learn to use mathematics in their
daily lives, to apply the mathematics they are learning, to think mathematically, and to use
mathematical models in school subjects besides mathematics). She somewhat agreed with each of
the purposes except the inclusion of mathematical modeling in school curricula so that students
learn how to use mathematical models in school subjects besides mathematics, to which she neither
agreed nor disagreed.
On her post-course survey, Deana had several changes in conceptions, mostly desirable.
Regarding mathematical models, she continued to hold the misconception that mathematical
models can be physical manipulatives. However, she said in her interview that physical
manipulatives were not used in the professional development course that was the subject of this
study. (They were used in the second course she enrolled in, but that occurred after she took the
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Table 44. Selected responses from Deana compared to the majority of the general sample.
Statement

Mathematical models can be physical
manipulatives… .
Repeating steps is part of the
mathematical modeling process.
Mathematical modeling situations
come from “whimsical” or unrealistic
scenarios.
The mathematical modeling process
involves making choices.
The mathematical modeling process
involves making assumptions.
The mathematical modeling process
involves determining if a solution
makes sense in terms of the original
situation.
The mathematical modeling process
results in an exact answer or exact
answers.
Mathematical modeling is included
in curricular standards so that
students learn how to apply the
mathematics they are learning.
Mathematical modeling is included
in curricular standards so that
students learn how to think
mathematically.
Mathematical modeling is included
in curricular standards so that
students learn how to use
mathematical models in school
subjects besides mathematics.
Mathematical modeling is useful in
helping students develop a deeper
understanding of phenomena in the
humanities… .

General Sample
Majority
Completely Agree
(72.3%)
Usually
(47.5%)

Deana
Pre-Course

Deana
Post-Course

Completely Agree

Completely Agree

Occasionally

Usually

Occasionally

Occasionally

Don’t Know

About Half
the Time

Usually

Occasionally

Always
(69.2%)

Usually

Always

Occasionally
(36.5%)

Don’t Know

About Half
The Time

Completely Agree
(50.4%)

Somewhat Agree

Neither Agree
Nor Disagree

Completely Agree
(59.8%)

Somewhat Agree

Somewhat Agree

Somewhat Agree
(48.5%)

Neither Agree
Nor Disagree

Somewhat Agree

Somewhat Agree
(44.6%)

Somewhat Agree

Somewhat Agree

Occasionally
(64.0%)
Usually
(44.9%)
Usually
(34.8%)

post-course survey.) It is unclear why she thinks that mathematical models can be physical
manipulatives. Regarding the mathematical modeling process, she also continued to hold the
misconception that mathematical modeling situations occasionally come from whimsical or
unrealistic scenarios even though in her interview, she said all of the modeling activities she had

87
encountered seemed realistic. These modeling activities she named included not only modeling
situations and activities, but also word problems and problem solving contexts. It is unclear why, if
all of these situations seemed to be realistic to her, she still believed mathematical modeling
situations may occasionally come from unrealistic scenarios. Deana moved toward expert opinion
on her post-course survey by indicating that the mathematical modeling process usually involves
repeating steps. She also corrected her misconception and indicated that the mathematical
modeling process always involves determining if a solution makes sense in terms of the original
situation. She indicated that the mathematical modeling process involves making choices about
half the time; while this is a misconception, this may be considered a move in the right direction as
she had previously not been able to provide an estimate for how frequently this occurs. She was
also able to give an estimate where she previously was not able to do so regarding how often the
mathematical modeling process results in an exact answer or answers, indicating that this is the
case about half the time. The experts indicated that this is occasionally the case, so this is close to
that opinion. However, Deana indicated an undesirable change in estimating how often the
mathematical modeling process involves making assumptions. Whereas she had previously
indicated that this is usually the case, she changed to indicating that this is occasionally so. Because
making assumptions is always involved, this represents not just a misconception that wasn’t
corrected, but a misconception that was made worse. Regarding mathematical modeling and
education, Deana still did not indicate complete agreement with any of the purposes for including
mathematical modeling in curricular standards. She did, however, move from somewhat agreeing
on her pre-course survey to neither agreeing nor disagreeing on her post-course survey that
mathematical modeling is included in curricular standards so that students learn to apply the
mathematics they are learning; she made the opposite move when she changed from neither
agreeing nor disagreeing on her pre-course survey and somewhat agreeing on her post-course
survey that mathematical modeling is included in curricular standards so that students learn how
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to use mathematical models in school subjects besides mathematics. This indicates that she may
have had a slight inclination toward the “modelling as vehicle” (Galbraith, 2007) perspective prior
to her participation in the professional development course and her participation in the course
moved her more toward the “modelling as content” (Galbraith, 2007) perspective. Note, however,
that the changes in opinion were only in single steps on the agreement scale and this change in
opinion is likely small.
On her mathematical modeling activity, Deana answered most questions correctly, although
in a way less completely than the other participants in this study. Unlike the others who completed
the activity, she relied on numbers she created or imagined and used those numbers to provide a
method of solving the problem. The method she provided was correct; however, the other
participants provided generalized solutions. This way, they had the opportunity to check to see if
their model always worked or if it just worked for a particular case. When she was asked to
generalize her solution, she did not provide a generalized mathematical solution; instead, she
discussed what would be necessary to create such a solution. Her mathematical modeling activity
did not show any evidence of making assumptions about the situation (even though, for instance,
she assumed each vehicle moved at constant rate) nor did she check if her solution method made
sense in terms of the original situation. In this case, it is possible that her practice had not yet
caught up to her knowledge about the process or she felt confident in relying upon an alreadyestablished model and didn’t feel it was necessary to check if it made sense.
Before being interviewed, Deana completed the post-course survey and attended sessions
in another course which had mathematical modeling as its focus. Thus, it should be noted that it is
possible that this course could have affected her views on mathematical models and modeling
beyond what was indicated in her post-course survey. In her interview, Deana indicated a very
broad view of mathematical models and modeling, the latter of which seemed to be used on
occasion interchangeably with “applications” or “applied mathematics.” She defined a
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mathematical model as “a situation that mathematics can be applied to, or even that should be
applied to, to help gain more knowledge.” It seems that Deana does not distinguish between a
mathematical modeling situation and the resulting mathematical model. Given that she also tended
to name problems which were applications but not mathematical modeling problems in describing
the types of mathematical models that she encountered in her class, and given that her view of a
mathematical model is a close description of a mathematical modeling situation, it seems that
correcting any misconceptions about the nature of mathematical models and the mathematical
modeling process would be difficult until this basic foundation is corrected.
Deana believes the purpose of mathematics education is to help students learn about
numbers, although adds that in a broad sense, it is to enable students to take what they already
know and to apply it in a new way so as to create more knowledge (within mathematics and other
subjects). In her view, the purpose of including mathematical modeling in curriculum is to engage
students and to put the mathematics they are learning in context. This indicates that she had
another change in opinion since taking the post-course survey, moving again toward the “modelling
as vehicle” perspective (Galbraith, 2007), which is similar to the tendency of the general sample.
She also stated that mathematical modeling is useful to teach because it can engage students and
allow them to take responsibility for their own learning, with a teacher as a guide.
Deana indicated more confidence in her ability to teach mathematical modeling than the
other participants in this study. She indicated that she would be capable, but not excellent at
teaching mathematical modeling, but with practice is confident she would improve. She had
reservations about making up her own mathematical modeling activities and classroom
management, especially in terms of the group work in which she believes mathematical modeling
activities should take place. She did not foresee any other obstacles and had an overall positive
outlook regarding the inclusion of mathematical modeling in education.
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Donovan
Donovan is a fairly inexperienced mathematics teacher, having taught for three years prior
to the professional development course. He teaches only mathematics to all grades, 9-12. He has
an undergraduate degree in mathematics education and is pursuing a graduate degree in the same
subject. Donovan participated in a course on teaching secondary mathematics as part of a degree
requirement. This course focused on secondary level mathematics from an advanced perspective
and the pedagogy for teaching these topics. Modeling was included as a component so that the
students would be prepared to teach it at the secondary level. (Note this was the same course in
which Deana was enrolled.) Due to time restrictions, Donovan was unable to complete the
mathematical modeling activity. He was able to complete the pre- and post-course surveys and an
interview.
As shown in Table 45, prior to the course, Donovan indicated several responses different
from those of the majority of the general sample. Regarding mathematical models, he indicated that
he somewhat disagreed that mathematical models can be physical manipulatives, indicating a
correct conception (or approximately correct), which is unlike the majority of the general sample,
of which nearly three fourths (incorrectly) completely agreed. Also unlike the majority of the
general sample, he neither agreed nor disagreed that mathematical models could be equations for
formulas. Interestingly, like the general sample, he completely agreed that mathematical models
can be both types of visual representations described (those described were graphs in the Cartesian
plane or the real number line and those such as a scaled map of the county or an architectural
blueprint). Regarding the mathematical modeling process, he believed that it always requires
revisions. Finally, he indicated that he did not know if mathematical modeling is useful in helping
students develop a deeper understanding of phenomena in the humanities (and the social
sciences). Most teachers agreed to some extent with this use of modeling; during his interview, he
indicated that this response was due to his inexperience with modeling and various models.
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Table 45. Selected responses from Donovan compared to the majority of the general sample.
Statement

Mathematical models can be physical
manipulatives… .
Mathematical models can be
equations or formulas… .
Mathematical models can be used to
describe or summarize a given
situation in a compact form.
Mathematical modeling situations
come from “whimsical” or unrealistic
scenarios.
The mathematical modeling process
involves making choices.
The mathematical modeling process
involves making assumptions.
The mathematical modeling process
involves making revisions.
The mathematical modeling process
results in an exact answer or exact
answers.
Mathematical modeling is included
in curricular standards so that
students learn how to use
mathematical models in school
subjects besides mathematics.
Mathematical modeling is useful in
helping students develop a deeper
understanding of phenomena in the
humanities… .

General Sample
Majority
Completely Agree
(72.3%)
Completely Agree
(74.1%)

Donovan
Pre-Course
Somewhat
Disagree
Neither Agree
Nor Disagree

Donovan
Post-Course
Somewhat
Disagree
Somewhat
Disagree

Completely Agree
(71.8%)

Somewhat
Agree

Completely Agree

Occasionally
(64.0%)

Occasionally

Occasionally

Don’t Know

Usually

Usually

Occasionally

Always

Usually

Occasionally
(36.5%)

Occasionally

Never

Somewhat Agree
(48.5%)

Somewhat Agree

Don’t Know

Somewhat Agree
(44.6%)

Don’t Know

Don’t Know

Usually
(44.9%)
Usually
(34.8%)
Usually
(53.4%)

On his post-course survey, Donovan showed more undesirable changes in conceptions than
desirable ones. Among his desirable changes was that he moved from somewhat agreeing to
completely agreeing that mathematical models can be used to describe or summarize a given
situation in a compact form. He also was able to give a personal estimation regarding the frequency
with which the mathematical modeling process involves making choices. He had previously
indicated that he did not know how often this was the case, and by the post-course survey, he
indicated that this was usually the case. This is in line with a correct conception, although a
response of “always” would have been preferable. He also became less strict in his estimation of
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how frequently the mathematical modeling process involves making revisions, moving from
“always” to “usually,” which is a more appropriate estimation.
There were four undesirable changes in conceptions on Donovan’s post-course survey. The
first of these was that Donovan initially neither agreed nor disagreed that mathematical models can
be equations or formulas, whereas post-course, he somewhat disagreed. The second of his
undesirable changes was that he no longer believed that the mathematical modeling process
usually involves making assumptions; instead, he indicated that it only occasionally involves
making assumptions, whereas in reality, it always requires that assumptions be made. Another
undesirable change in his conceptions was that regarding the frequency with which the
mathematical modeling process may result in an exact answer or answers. Initially, he indicated
that it may occasionally do so, but indicated on the post-course survey that this may never happen.
Finally, regarding mathematical modeling’s role in education, he initially indicated that he
somewhat agreed that mathematical modeling is included in curricular standards so that students
learn how to use mathematical models in school subjects besides mathematics; on the post-course
survey, he indicated that he no longer could determine (“don’t know”) if this was one of the intents
of including it in curricular standards. It is unclear why he initially thought he could make a
judgment regarding this purpose and then no longer could.
Donovan was unable to complete a mathematical modeling activity so it cannot be
determined if his answers to the post-course survey were consistent with his ability to practice
mathematical modeling.
During his interview, Donovan proclaimed himself “still [to be] very uncomfortable with the
idea of modeling itself.” He stated that modeling was very new to him, and he had only encountered
it for the first time in graduate school as a result of the release of the CCSSM. He also felt that his
own mathematical schooling, which consisted of a combination of “chalk-and-talk” and “drill-andkill” techniques, put him at a disadvantage to think in this new way. It became evident that
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Donovan’s conceptions of what constitutes a mathematical model are not clear even to him. During
the conversation about mathematical models, as he was trying to define a mathematical model and
trying to identify which of the examples from the survey were mathematical models or not (those
examples were physical manipulatives, equations or formulas, scaled maps, and graphs), he found
that each new description he offered changed his opinion on which of the examples was a
mathematical model; he tried repeatedly to re-work his “working” description of a mathematical
model in his head based on which of the examples he considered to be a model at the moment, and
each time found that the new description contradicted one his previous statements about one of the
examples. At the end of the discussion on models, he had declared that he could not, for instance,
answer a student on the spot if that student had asked what a mathematical model is. He was sure
at the end, however, that a mathematical model could not be a physical manipulative, such as a
model of a polyhedron, because there was no “doing mathematical modeling” involved. However,
he still was fairly sure in his convictions that other types of models (such as real-world objects
which modeled other real-world objects as described by Pollak, 2003) were mathematical models.
He also stated that a formula (he named the Pythagorean Theorem, in particular) could not be a
mathematical model because it is something that already exists and (in modern times) it is not the
result of any sort of experimental, “trial-and-error” process. Thus, it seems that Donovan has some
basic ideas about a mathematical model – for instance, that it is the result of a process labeled
“mathematical modeling” – but he still is not very clear on exactly how to describe its features
further. It is probably particularly difficult for him to describe such a result from the modeling
process given that he stated that he is uncomfortable with that process.
Donovan’s misconceptions about the nature of the mathematical modeling process, despite
his involvement in the professional development course, were probably not corrected because he
reported that the students in his class never were able to complete a modeling activity in full.
Because modeling was just one of many facets of the course, there wasn’t time to complete any of
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the activities. However, the students often examined the ends of the written lessons and imagined
how they might proceed. This left the students no opportunity to check if a solution made sense, to
find where any incorrect turns may have been made, and begin the process anew from that point.
He said that in each of the modeling problems he did, he had to repeat and revise steps. However,
the process was not cyclic, instead he and his group members frequently revised repeatedly until
they felt that they had addressed each part of the process sufficiently (or correctly) for them to
move to the next one.
Donovan’s opinions about mathematical modeling in curricula were based on his
understanding that mathematical modeling is a Standard for Mathematical Practice in the CCSSM
(NGACBP & CCSSO, 2010) and his belief that mathematical modeling was included in the CCSSM “to
allow kids to be mathematicians.” He claims that when it comes time to implement mathematical
modeling fully, he would like to be able to teach it from Galbraith’s (2007) “modelling as content”
perspective, but he argues that the curriculum’s required content and the current state of highstakes testing will probably lead him and his colleagues toward an approach more reminiscent of
Galbraith’s (2007) “modelling as vehicle” perspective. He hopes, however, that his teaching will
always retain aspects of both perspectives. He also expressed a belief that mathematical modeling
is important for allowing students of all ability levels to participate in the same activity, albeit at
different rates and with different methods. He indicated that he was not familiar with the use of
mathematical modeling in other school subjects based on his own schooling, so this may be why he
was unable to recognize the use of modeling in other school subjects.
Donovan believes he could implement mathematical modeling in the classroom if he had a
colleague who was willing to help him in sharing and developing ideas. He also indicated that
implementing mathematical modeling in the classroom would take an extraordinary amount of
time to prepare. This is because he would have to complete a mathematical modeling activity on

95
his own first (which would take a great amount of time to do on its own) and then proceed through
the activity again, this time trying to determine where students would encounter difficulties.
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CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS
Conclusions
The purpose of this study was to determine how middle and high school mathematics
teachers understand mathematical models and modeling and to identify any related
misconceptions they have. This was achieved through four research questions.
1) How do teachers describe a mathematical model?
2) How do teachers describe the mathematical modeling process?
3) What do teachers believe to be the purpose of mathematical modeling?
4) What are the misconceptions evident in the teachers’ descriptions of mathematical models and
the mathematical modeling process?
Research Question 1
The purpose of Research Question 1 was to determine how teachers describe a
mathematical model. Overall, teachers are able to recognize examples of mathematical models, but
unable to recognize non-examples of mathematical models. The survey statements related to
mathematical models indicated that teachers believe mathematical models to be anything from
physical manipulatives, scaled maps of a county, a graph, or a formula. However, physical
manipulatives are not mathematical models and the literature and experts do not form a consensus
on whether or not a scaled map of a county is a mathematical model. These data show that teachers
understand mathematical models to be representations having mathematical qualities. This
description does not sufficiently describe all of the properties required to constitute a mathematical
model. Teachers are not aware that the direction of the representation between a real-world object
and a mathematical one is relevant in distinguishing a mathematical model from a physical model.
That is, they are not aware that a mathematical model is a mathematical representation of a realworld scenario, and not the other way around.
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While in general it is the case that teachers recognize two uses of a mathematical model –
first, to describe or summarize a situation, and second, to explain the underlying causes in a
situation – the survey data show that they are more likely to agree with the first use than the
second, and to agree more completely, at that. This means that a large minority of teachers do not
recognize one of the uses of mathematical models.
Case studies of teachers enrolled in some form of professional development showed that
these teachers made few gains in changing their understanding of mathematical models. Most
misconceptions held among the teachers were not corrected and in two of the five teachers studied,
the severity of the misconceptions was exacerbated after the completion of the course.
Research Question 2
The purpose of Research Question 2 was to determine how teachers describe the
mathematical modeling process. Much like their understanding of mathematical models, teachers
overall have a correct understanding of the mathematical modeling process and thus describe it
well. They recognize that repeating steps and revising and checking the result for correctness are
features of the mathematical modeling process. They also recognize that the process is capable of
producing either approximate or exact answers and that it is possible for the process to result in
various, different mathematical models. They fail to recognize, however, that mathematical
modeling situations must come from real-world scenarios. Instead, they believe that mathematical
modeling situations may occasionally come from whimsical or unrealistic scenarios. They also fail
to recognize that choices and assumptions are always made in the mathematical modeling process.
Case studies of teachers enrolled in some form of professional development showed that
these teachers made more positive gains than negatives ones in changing their understanding of
mathematical modeling. The majority of positive gains were in the teachers’ abilities to recognize
that some features of the mathematical modeling process are possibly but not necessarily involved.
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Most misconceptions, however, were not corrected and several initially correct conceptions were
changed to incorrect ones.
Research Question 3
The purpose of Research Question 3 was to determine what teachers believe to be the
purpose of mathematical modeling. Overall, teachers believe that mathematical modeling is
included in curricular standards to achieve multiple goals. These goals are i) so that students learn
to use mathematical modeling in their daily lives, ii) so that students learn to use mathematical
models in other school subjects, iii) so that students learn to think mathematically, and iv) so that
students learn how to apply the mathematics they are learning. The first two of these goals can be
considered to be representative of a perspective in line with the “modelling as content” idea given
by Galbraith (2007). The second two goals can be considered to be representative of a perspective
in line with the “modelling as vehicle” idea given by Galbraith (2007). The two goals which had the
least overall agreement among teachers in the general sample were the ones that indicated a
“modelling as content” perspective. The goal with the most agreement to some extent was that
students learn how to apply the mathematics they are learning. The goal with the most complete
agreement, however, was that students learn to think mathematically.
Beyond their beliefs about the reasons mathematical modeling is included in curricular
standards, teachers also have personal beliefs regarding mathematical modeling. In particular, they
are more likely to agree that mathematical modeling is useful in helping students develop a deeper
understanding of phenomena in the sciences than in the humanities. In fact, they are more likely to
agree that modeling is useful in helping students understand the sciences than that it is included in
curricular standards so that students learn how to use mathematical models in school subjects
besides mathematics. It is possible, although not verifiable through the present study, that teachers
feel that while mathematical modeling is useful to students in other school subjects and in their
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daily lives, the constraints of the curriculum allow them only to teach for the purpose of supporting
mathematical content.
Case studies of teachers enrolled in some form of professional development showed that
most of these teachers believe that mathematical modeling instruction would be best implemented
with support of colleagues. They would require other teachers to help them develop ideas or
critique techniques. Most of the teachers also indicated concerns about the time it takes to
implement mathematical modeling. “Packed” curricula and the amount of time it would take to
prepare a mathematical modeling lesson were mentioned explicitly as challenges to including
mathematical modeling in their teaching activities.
Research Question 4
The purpose of Research Question 4 was to determine what misconceptions teachers have
about mathematical models and modeling. There are several features of mathematical models and
modeling for which the majority of teachers carry a misconception.
Teachers incorrectly believe that mathematical models can be physical manipulatives. The
majority of teachers (correctly) agree that mathematical models can be equations or formulas and
visual representations such as graphs or the real number line; the majority of teachers also agreed
that mathematical models can be visual representations such as scaled maps and architectural
blueprints (the correctness of this is arguable). The only evident underlying factor these have in
common is that they are representations having mathematical qualities, with some of those
qualities being more apparent than others. A mathematical model, however, must not simply be a
representation with mathematical qualities; it must be a mathematical representation of a realworld situation. Further, 16.8% of teachers did not understand that mathematical models can be
used to explain the underlying causes in a situation; this indicates a misconception regarding the
uses of a mathematical model.
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Subgroups of teachers differ from other subgroups in the rate at which they hold their
misconceptions about mathematical models. However, there is only one case in which the rate at
which a subgroup holds a misconception differs from its complementary subgroup by at least ten
percent. Experienced teachers are more likely than inexperienced teachers not to recognize that
mathematical models can be used to explain the underlying causes in a given situation. This
misconception was held by 20.5% of experienced teachers and just 9.0% of inexperienced teachers
in the general sample.
Teachers have several misconceptions regarding the mathematical modeling process. First,
they do not recognize that mathematical modeling situations must come from real-world scenarios.
Nearly one quarter of all teachers do not recognize that repeating steps and making revisions are
both possible in the mathematical modeling process, but not required. The majority of teachers do
not recognize that making choices and making assumptions are part of the mathematical modeling
process. This may indicate that teachers are unaware that the mathematical modeling process is
often cyclic, so frequently that the word “process” is usually replaced with “cycle” in descriptions of
it. About three tenths of all teachers don’t recognize that the mathematical modeling process
always requires checking to see if a solution makes sense in terms of the original situation. About
one tenth of all teachers don’t understand that it is possible but not inevitable that answers from
the mathematical modeling process are exact. The needs to make choices and to check if a solution
makes sense in terms of the original situation and the possibility of repeating steps and making
revisions are all listed in the CCSSM six-step modeling cycle (NGACBP & CCSSO, 2010), albeit not
using the same words. This means that about one quarter or more of all teachers are not able to
identify features stated within the CCSSM description of the mathematical modeling cycle.
Subgroups of teachers differ from other subgroups in the rate at which they hold their
misconceptions about mathematical modeling. However, there are only two cases in which the rate
at which a subgroup holds a misconception differs from its complementary subgroup by at least ten
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percent. Inexperienced teachers are more likely than experienced teachers not to recognize that
the mathematical modeling process always involves determining if a solution makes sense in terms
of the original situation. Whereas 26.4% of experienced teachers held this misconception, 40.0% of
inexperienced teachers held it. Also, teachers who teach in states and territories which have not
adopted the CCSSM are more likely than their counterparts in states and territories which have
adopted the CCSSM not to recognize that the mathematical modeling process always requires
making assumptions. Among teachers who teach in CCSSM states and territories, 70.9% hold this
misconception while among teachers who teach in states and territories which have not adopted
the CCSSM, 85.3% hold this misconception.
Teachers’ opinions cannot be labeled as representing misconceptions or correct
conceptions. However, it is appropriate to recognize that differences exist between their opinions
regarding mathematical modeling in education. Fewer teachers agree that mathematical modeling
is included in curricular standards so that students learn to use mathematical models and modeling
than agree that mathematical modeling is included in curricular standards so that students learn to
think mathematically and to apply mathematical content. Furthermore, teachers are much more
likely to agree that mathematical modeling is useful in helping students develop a deeper
understanding of phenomena in the sciences than in the humanities.
Recommendations
A study like this would benefit from incorporating some different features into online
surveys. First, if an option to contact respondents after the completion of the survey were been
added, it would provide an opportunity to clarify findings from groups of teachers with similar
patterns of responses. The ability to ask teachers from the sample why they responded as they did
would give more insight into those responses. Second, the survey instrument in the present study
was developed to be completed quickly and easily. One way of achieving this was to use only
“multiple choice” format tasks. In similar studies, if just a few free-response questions are added, it
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would give the subjects a greater chance to explain what their thoughts are regarding mathematical
models and modeling. A study like this also would benefit from more contact with the professional
development groups. That is, pre-course interviews, observations of the instruction in
mathematical models and modeling, and observing the respondents as they complete the
mathematical modeling activity all would be useful in understanding how teachers develop
throughout a professional development course.
Several recommendations should be considered in future studies. First, the general sample
in the present study was not taken randomly. The general sample was recruited through methods
that imply that these teachers may be more informed about the current state of mathematics
education than a typical teacher. Thus, future researchers should attempt to gain a random sample
of mathematics teachers in the United States in order to gain a better understanding of typical
secondary mathematics teachers. Another route future researchers may take is to replicate the
case studies performed with a larger sample size and possibly with increased interaction with
students throughout the professional development course.
The survey instrument was designed, in part, to be completed quickly and easily. This
meant that there were several questions about mathematical models and modeling that could have
been asked, but were not. Some such questions involve teachers’ perceived abilities to incorporate
mathematical modeling into their own classrooms, especially including their perceived abilities to
design, implement, and assess a mathematical modeling lesson, and their estimations of how their
students’ ability to complete a mathematical modeling activity. It is also important to understand
whether and how teachers distinguish mathematical modeling from problem solving, real-world
problem solving, traditional applications, and word problems. As “Model with Mathematics” is one
of the eight “Standards for Mathematical Practice” in the CCSSM for all grades, the group of eligible
participants might also be expanded to include teachers of any grade.
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Future researchers might also attempt to explain why teachers responded to the survey in
the ways they did. For instance, why are inexperienced teachers more likely than experienced
teachers to respond that mathematical models can be equations and formulas and can explain the
underlying causes in a situation? Why are teachers in non-CCSSM states and territories more likely
than their counterparts in CCSSM states and territories to agree that mathematical models can be
equations and formulas and that they can be used to explain the underlying causes in a situation?
Given the prevalence of mathematical models being used to describe or summarize a given
situation, why don’t more teachers agree completely that mathematical models can do this? In their
estimations of how frequently certain aspects of the mathematical modeling process are involved,
when teachers don’t show a clear misconception, is it inexperience with mathematical modeling
that causes their estimations to be different from those of experts? What are the reasons that
teachers believe that mathematical modeling situations can occasionally come from whimsical or
unrealistic scenarios? Is this based on their experience with problem solving or on experiences
with examples that have been incorrectly identified as mathematical modeling, or neither of these?
Do teachers feel uncomfortable with the requirement that assumptions must be made in the
mathematical modeling process? Do teachers think that teaching modeling is feasible? Do teachers
tend to agree more that mathematical modeling is included in curricular standards to help support
students’ understanding of mathematics than it is to help support their use of mathematical
modeling outside of mathematics classes because there are no standards for mathematical
modeling included within the CCSSM that are not placed within the context of other mathematical
areas?
Those who educate teachers should all be aware of how teachers understand mathematical
models and modeling so that they can prepare teachers to teach mathematical modeling effectively.
These educators should also be aware that the literature and experts do not agree on all
characteristics of mathematical models and modeling. This may lead to confusion in teachers’
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conceptions of mathematical modeling. Furthermore, concepts such as the difference between a
mathematical representation and a representation which has mathematical qualities, the idea of
mathematization, and the directional meaning of “represents” should be made clear by both teacher
educators and leaders in mathematical modeling.
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APPENDIX A
SURVEY
MATHEMATICAL MODELING IN EDUCATION SURVEY

This survey asks questions about mathematical models and modeling and is intended for
teachers of mathematics in grades 7-12 in the United States or its territories. It is estimated that it
can be completed in 10-15 minutes. Please read each question carefully and answer frankly. Most
people will find that they do not know the answers to some of the questions on this survey; if this is
the case, simply choose “Don’t Know” for those questions.
The results of this survey will be used in a doctoral dissertation. The results will remain
confidential and no identifying information will be released. Hopefully the results of this study will
lead to an understanding of what teachers know about mathematical modeling. The ultimate goal,
beyond the scope of the dissertation, is to develop effective teacher education relating to
mathematical modeling.
Thank you in advance for your valuable time and input!
DEMOGRAPHIC INFORMATION

This section asks for demographic information in order to identify differences between
respondents. All information will remain confidential.
1. Are you currently a practicing or prospective teacher of mathematics in grades 7-12 in the United
States or one of its territories?
Yes, practicing mathematics teacher for more than 10 years
Yes, practicing mathematics teacher for at least 5 and less than 10 years
Yes, practicing mathematics teacher for less than 5 years
Yes, prospective mathematics teacher and planning to teach before the beginning of the 20142015 school year
o Yes, prospective mathematics teacher and planning to teach after the beginning of the 20142015 school year
o No, I currently am neither teaching mathematics nor planning to teach mathematics

o
o
o
o

2. In which state do you teach (or plan to teach)? _______________________________________________
3. Besides mathematics, what subject(s) do you teach (or plan to teach)? (Choose all that apply.)
□
□
□
□
□
□
□
□
□

No Other Subject (Only Mathematics)
□ Engineering
General Science
□ Business
Earth Science
□ English / Literature / English Language
Biology
Arts
Chemistry
□ History / Social Studies
Physics
□ Foreign Language
Computer Science
□ Art
Technology
□ Physical Education
Other(s) (Fill in) _______________________________________________________
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4. What grade(s) do you teach (or plan to teach)? (Choose all that apply.)
□
□

7
8

□
□

9
10

□
□

11
12

5. Indicate all post-high school degrees you hold or have begun (i.e. AA, BA, MS, EdD, PhD, etc.) and
all majors and minors associated with them below.
Type of

Status*

Major 1**

Major 2**

Minor 1**

Minor 2**

Degree
AA
AS
BA
BS
MA
MS
MEd
MPhil
EdD
PhD
Other(s)
(Specify)

*For Status, leave blank or write “C” for “COMPLETED,” write “IP” for “IN PROGRESS,” and “SW” for
“SOME WORK, NOT IN PROGRESS.”
** For Major 1, Major 2, Minor 1, and Minor 2, choose the closest match from among the following 11
options:









Education
Mathematics Education
Mathematics
Applied Mathematics
Pure or Theoretical Mathematics
Statistics
Business
Economics









Finance
Biology
Chemistry
Earth Sciences
Physics
Engineering
Other(s)

109
MATHEMATICAL MODELS

The questions in this section are intended to determine the level to which you agree with
the statements about mathematical models. Circle the option that best matches your opinion; if you
do not know, choose “Don’t Know.”
1. Mathematical models can be physical manipulatives, for example, fraction tiles, pattern blocks, or
three-dimensional solids (like cubes, octahedra, and other polyhedra).
Completely
Disagree

Somewhat
Disagree

Neither Agree
Nor Disagree

Somewhat
Agree

Completely
Agree

Don’t Know

2. Mathematical models can be equations or formulas, for example, a quadratic equation or d = rt,
the distance-rate formula.
Completely
Disagree

Somewhat
Disagree

Neither Agree
Nor Disagree

Somewhat
Agree

Completely
Agree

Don’t Know

3. Mathematical models can be visual representations such as a graph in the Cartesian plane or the
real number line.
Completely
Disagree

Somewhat
Disagree

Neither Agree
Nor Disagree

Somewhat
Agree

Completely
Agree

Don’t Know

4. Mathematical models can be visual representations such as a scaled map of the county or an
architectural blueprint.
Completely
Disagree

Somewhat
Disagree

Neither Agree
Nor Disagree

Somewhat
Agree

Completely
Agree

Don’t Know

5. Mathematical models can be used to describe or summarize a given situation in a compact form.
Completely
Disagree

Somewhat
Disagree

Neither Agree
Nor Disagree

Somewhat
Agree

Completely
Agree

Don’t Know

6. Mathematical models can be used to explain the underlying causes in a given situation.
Completely
Disagree

Somewhat
Disagree

Neither Agree
Nor Disagree

Somewhat
Agree

Completely
Agree

Don’t Know
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MATHEMATICAL MODELING

The questions in this section are intended to determine the frequency with which the given
characteristic is part of the mathematical modeling process in your estimation. If you don’t know,
choose “Don’t Know.”
1. Repeating steps is part of the mathematical modeling process.
Never

Occasionally

About Half the
Time

Usually

Always

Don’t Know

2. Mathematical modeling situations come from “whimsical” or unrealistic scenarios.
Never

Occasionally

About Half the
Time

Usually

Always

Don’t Know

Always

Don’t Know

Always

Don’t Know

3. The mathematical modeling process involves making choices.
Never

Occasionally

About Half the
Time

Usually

4. The mathematical modeling process involves making assumptions.
Never

Occasionally

About Half the
Time

Usually

5. The mathematical modeling process involves determining if a solution makes sense in terms of the
original situation.
Never

Occasionally

About Half the
Time

Usually

Always

Don’t Know

Always

Don’t Know

6. The mathematical modeling process involves making revisions.
Never

Occasionally

About Half the
Time

Usually

7. The mathematical modeling process results in an exact answer or exact answers.
Never

Occasionally

About Half the
Time

Usually

Always

Don’t Know

8. A mathematical modeling situation can result in various, different mathematical models.
Never

Occasionally

About Half the
Time

Usually

Always

Don’t Know
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MATHEMATICAL MODELING AND EDUCATION

The questions in this section are intended to determine your level of agreement with
statements about mathematical modeling in education. Choose the option that best matches your
opinion; if you do not know, choose “Don’t Know.”
1. Mathematical modeling is included in curricular standards so that students learn to use
mathematics in their daily lives.
Completely
Disagree

Somewhat
Disagree

Neither Agree
Nor Disagree

Somewhat
Agree

Completely
Agree

Don’t Know

2. Mathematical modeling is included in curricular standards so that students learn how to apply the
mathematics they are learning.
Completely
Disagree

Somewhat
Disagree

Neither Agree
Nor Disagree

Somewhat
Agree

Completely
Agree

Don’t Know

3. Mathematical modeling is included in curricular standards so that students learn how to think
mathematically.
Completely
Disagree

Somewhat
Disagree

Neither Agree
Nor Disagree

Somewhat
Agree

Completely
Agree

Don’t Know

4. Mathematical modeling is included in curricular standards so that students learn how to use
mathematical models in school subjects besides mathematics.
Completely
Disagree

Somewhat
Disagree

Neither Agree
Nor Disagree

Somewhat
Agree

Completely
Agree

Don’t Know

5. Mathematical modeling is useful in helping students develop a deeper understanding of
phenomena in the sciences.
Completely
Disagree

Somewhat
Disagree

Neither Agree
Nor Disagree

Somewhat
Agree

Completely
Agree

Don’t Know

6. Mathematical modeling is useful in helping students develop a deeper understanding of
phenomena in the humanities (for example, languages, literature, history, the arts, and social
sciences).
Completely
Disagree

Somewhat
Disagree

Neither Agree
Nor Disagree

Somewhat
Agree

Completely
Agree

THANK YOU!

You have completed the survey. Your time and help are greatly appreciated!

Don’t Know
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APPENDIX B
MATHEMATICAL MODELING ACTIVITY
Imagine you are the passenger in a car driving on a multi-lane highway and you are passed by
another vehicle. Of course, you wonder how fast the passing vehicle is going – surely, since you
refuse to drive with unsafe drivers, you know your driver’s speed and it is perfect, so the passing
vehicle must be driving too fast! Exactly how fast is the question.
You see a landmark up ahead, decide to count the number of seconds it takes for the passing vehicle
to reach it, and also the number of seconds it takes for you to reach it.
1. How can you use all of this information to determine how fast the passing vehicle is going?

2. What do you think is the accuracy of this method? For example, how accurately can you
estimate time by counting, and how does this affect the outcome?

3. Questions 1 and 2 assumed that you decided to estimate the speed of the passing vehicle at the
moment it passed you. Suppose you didn’t decide to estimate the passing vehicle’s speed until
after it has passed you. Can you generalize your method from above so that it will still work in
this case? How accurate do you think your generalization would be?

4. Suppose now that you are being passed by a tractor-trailer, whose trailer is labeled as being 53
feet long. Can you find a method of estimating its speed without using external landmarks?
How accurate do you think your method would be?
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APPENDIX C
SUMMARY OF EXPERT ANSWERS TO SURVEY
Summary of Expert Opinion
MATHEMATICAL MODELS

Mathematical models can be physical
manipulatives, for example, fraction tiles,
pattern blocks, or three-dimensional solids (like
cubes, octahedra, and other polyhedra).
Mathematical models can be equations or
formulas, for example, a quadratic equation
or d = rt, the distance-rate formula.
Mathematical models can be visual
representations such as a graph in the Cartesian
plane or the real number line.
Mathematical models can be visual
representations such as a scaled map of the
county or an architectural blueprint.

Mathematical models can be used to describe or
summarize a given situation in a compact form.
Mathematical models can be used to explain the
underlying causes in a given situation.

The majority of experts disagreed.

The experts unanimously completely agreed.
The experts unanimously completely agreed.
The experts did not form a consensus opinion.
The majority of experts completely agreed.
The majority of experts somewhat agreed.

MATHEMATICAL MODELING

Repeating steps is part of the mathematical
modeling process.
Mathematical modeling situations come from
“whimsical” or unrealistic scenarios.
The mathematical modeling process involves
making choices.
The mathematical modeling process involves
making assumptions.
The mathematical modeling process involves
determining if a solution makes sense in terms
of the original situation.
The mathematical modeling process involves
making revisions.
The mathematical modeling process results in
an exact answer or exact answers.
A mathematical modeling situation can result in
various, different mathematical models.

The majority of experts responded that this is
usually the case.
The majority of experts responded that this is
never the case.
The majority of experts responded that this is
always the case.
The experts unanimously responded that this is
always the case.
The experts unanimously responded that this is
always the case.
The experts responded that this occurs at least
half the time (between half the time and
usually).
The majority of experts responded that this
occasionally the case.
The majority of experts responded that this is
usually the case.
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Summary of Expert Opinion
MATHEMATICAL MODELING AND EDUCATION

Mathematical modeling is included in curricular
standards so that students learn to use
mathematics in their daily lives.
Mathematical modeling is included in curricular
standards so that students learn how to apply
the mathematics they are learning.
Mathematical modeling is included in curricular
standards so that students learn how to think
mathematically.
Mathematical modeling is included in curricular
standards so that students learn how to use
mathematical models in school subjects besides
mathematics.
Mathematical modeling is useful in helping
students develop a deeper understanding of
phenomena in the sciences.
Mathematical modeling is useful in helping
students develop a deeper understanding of
phenomena in the humanities (for example,
languages, literature, history, the arts, and social
sciences).

The majority of experts completely agreed.
The majority of experts completely agreed.
The majority of experts completely agreed.

The majority of experts completely agreed.

The experts unanimously completely agreed.

The majority of experts completely agreed.
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APPENDIX D
SURVEY RESPONDENTS BY STATE
Note: States which have not adopted the CCSSM (as of March 27, 2013) are listed with an asterisk
(*).
Frequency

%

California

29

10.6

Connecticut

21

7.7

District of Columbia

1

0.4

Florida

5

1.8

Georgia

7

2.6

Hawaii

6

2.2

Illinois

18

6.6

Indiana

2

0.7

Iowa

3

1.1

Kansas

1

0.4

Kentucky

1

0.4

Louisiana

2

0.7

Maine

2

0.7

Maryland

13

4.7

Massachusetts

18

6.6

Michigan

10

3.6

*Minnesota

6

2.2

Missouri

1

0.4

Montana

5

1.8
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Frequency
*Nebraska

%

17

6.2

1

0.4

12

4.4

New Jersey

3

1.1

New York

47

17.2

North Carolina

1

0.4

Ohio

5

1.8

Oklahoma

1

0.4

Pennsylvania

8

2.9

Tennessee

1

0.4

11

4.0

Utah

4

1.5

Vermont

1

0.4

*Virginia

2

0.7

Washington

7

2.6

West Virginia

1

0.4

Wisconsin

1

0.4

274

100.0

Nevada
New Hampshire

*Texas

Total
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APPENDIX E
MISCONCEPTIONS HELD BY GROUPS AND SUBGROUPS
Note: The percentage of each group or subgroup showing a misconception from among the general
sample is given. Inclusion on the table means at least 10% of one of the groups or subgroups
carries the misconception.

Statement

[Responses Indicating
Misconceptions]

Mathematical models can be
physical manipulatives … .

NonCCSSM
CCSSM
State and State and
General Experienced Inexperienced Territory Territory
Sample Teachers
Teachers
Teachers Teachers
%
%
%
%
%
93.1

90.8

97.8

92.0

100.0

9.1

10.8

5.6

10.1

2.8

16.8

20.5

9.0

18.1

8.3

23.6

21.3

28.2

24.3

18.2

85.2

87.7

80.0

85.2

85.3

63.1

63.5

62.4

62.9

64.7

72.7

69.8

78.8

70.9

85.3

30.8

26.4

40.0

31.9

23.5

[NAND, SA, CA, DK]

Mathematical models can be
equations or formulas … .
[CD, SD, NAND, DK]

Mathematical models can be
used to explain the underlying
causes in a given situation.
[CD, SD, NAND, DK]

Repeating steps is part of the
mathematical modeling
process.
[N, A, DK]

Mathematical modeling
situations come from
“whimsical” or unrealistic
scenarios.
[O, H, U, A, DK]

The mathematical modeling
process involves making
choices.
[N, O, H, U, DK]

The mathematical modeling
process involves making
assumptions.
[N, O, H, U, DK]

The mathematical modeling
process involves determining
if a solution makes sense in
terms of the original situation.
[N, O, H, U, DK]
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Statement

[Responses Indicating
Misconceptions]

The mathematical modeling
process involves making
revisions.

CCSSM
State and
General Experienced Inexperienced Territory
Sample Teachers
Teachers
Teachers
%
%
%
%

NonCCSSM
State and
Territory
Teachers
%

23.1

23.5

22.4

23.5

20.6

10.6

7.9

16.5

10.9

8.8

[N, A, DK]

The mathematical modeling
process results in an exact
answer or exact answers.
[N, A, DK]
Key:

CD = “Completely Disagree”
SD = “Somewhat Disagree”
NAND = “Neither Agree Nor Disagree”
SA = “Somewhat Agree”
CA = “Completely Agree”
DK = “Don’t Know”

N = “Never”
O = “Occasionally”
H = “About Half the Time”
U = “Usually”
A = “Always”

