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Mathematical modeling has been positioned at the forefront of many educational
levels globally because modeling reinforces purposeful problem-solving skills,
connects mathematics to the real-world, and makes mathematics more
meaningful and relevant. This article investigated K—12 practicing teachers’
knowledge and attitudes toward mathematical modeling, while considering the
relationships between them and some selected demographic variables. The study
involved 335 teachers from Midwestern United States of America (U.S.), and
data was collected through an Online self-administered survey. The data
collected were quantitatively analyzed with the guidance of the research
questions, and using statistical analyses such as correlation, multiple regression,
and ANOVA. Results showed that teachers had a satisfactory knowledge and
attitudes toward mathematical modeling. Teachers’ knowledge of modeling was
found to be positively related to their overall attitudes toward such modeling,
with an R* = .25 suggesting a moderate relationship. Overall, gender and grade
level band were identified as strong indicators of teachers’ knowledge and
attitudes toward mathematical modeling. In particular, female teachers on
average showed a relatively stronger knowledge and attitudes toward
mathematical modeling than their male colleagues. Similarly, elementary
teachers demonstrated a relatively stronger knowledge of mathematical modeling
and attitudes toward such modeling than middle or high school teachers.
Findings from this study have implications for integrating mathematical
modeling standards into teacher preparation programs and organizing

professional development on mathematical modeling education.

Introduction

Mathematical modeling has been positioned at the forefront of many educational levels globally because

modeling reinforces purposeful problem-solving skills, connects mathematics to the real-world, and makes

mathematics more meaningful and relevant. Additionally, in the United States of America (U.S.), the

development and implementation of the Common Core State Standards for Mathematics (CCSSM; National
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Governors Association Center for Best Practices [NGA Center] & Council of Chief State School Officers
[CCSSO], 2010), Principle to Action: Ensuring Mathematical Success for All (National Council of Teachers of
Mathematics [NCTM], 2014); and the Guidelines for Assessment and Instruction in Mathematical Modeling
Education (GAIMME) report (COMAP & SIAM, 2016) emphasize the importance of mathematical modeling as
an essential component of mathematics instruction. Teachers’ knowledge and attitudes toward mathematical
modeling are crucial for effective teaching and learning of school mathematics (Aydogan-Yenmez et al., 2017;
Blum, 2015; Lesh, 2012). However, the GAIMME report indicates that most practicing and future teachers have
limited experience with mathematical modeling practices and how to integrate it into their teaching of
mathematics (COMAP & SIAM, 2016). Nonetheless, research studies related to mathematical modeling lack a
strong focus on exploring teachers’ mathematical knowledge and attitudes for mathematical modeling
instruction (Asempapa, 2018; Borromeo Ferri, 2018; Gaston & Lawrence, 2015). Therefore, the purpose of this
study was to examine practicing teachers’ of mathematics knowledge and attitudes toward mathematical

modeling.

Mathematical modeling holds a unique place in mathematics curriculum because modeling is a drive to STEM
learning and has the potential to enable students use mathematics in flexible, creative, and powerful ways
(Blum, 2015; Lesh, 2012; Pollak, 2011; Zawojewski, 2016). These benefits of mathematical modeling are likely
to occur when teachers understand modeling and how to use it in their practice. Additionally, teachers
knowledge of mathematical modeling is important because modeling enables students to connect mathematics
to real life and to learn it in a more meaningful way (Kaiser, 2017; Schukajlow et al., 2018; Tan & Ang, 2012).
Moreover, teachers’ attitudes and knowledge for mathematical modeling instruction can determine to a large
extent how teachers perceive and respond to curriculum innovation efforts to infuse mathematical modeling

learning experiences in mathematics teaching (Galbraith, 2017; Stillman et al., 2016).

However, research that explores practicing teachers’ knowledge and attitudes toward mathematical modeling is
limited (Kaiser et al., 2010; Tan & Ang, 2012). Research studies indicate that most teachers have
misconceptions about mathematical modeling and the modeling process (Gould, 2013; Spandaw & Zwaneveld,
2010; Wolfe, 2013), and lack knowledge about mathematical modeling practices (Blum, 2015; Borromeo Ferri,
2018). In order to continue to advance mathematical modeling research, and in particular, an understanding of
teachers’ knowledge and attitudes, it was necessary to conduct a study that allows for the modeling of

relationships between teachers’ knowledge and attitudes toward mathematical modeling.

Throughout this article, teacher refers to practicing teachers who teach mathematics in the K—12 setting. Clearly,
understanding teachers’ use of mathematical modeling practices is complex and depends on many factors
including knowledge and attitudes. However, there is paucity of recent research into the relationship between
teachers’ knowledge and attitudes toward mathematical modeling. Additionally, questions about teachers’
knowledge and attitudes toward teaching mathematical modeling effectively in the classroom have prompted
many discussions in the literature on mathematical modeling education (Borromeo Ferri, 2018; Blum, 2015;
Lesh, 2012). Moreover, teacher education has been criticized for not adequately addressing mathematical

modeling in the area of teachers’ knowledge and attitudes (Kaiser et al., 2010). Therefore, this study became
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necessary and sought to examine the relationships among teachers’ knowledge and attitudes toward

mathematical modeling.

Background and Related Literature

Education in mathematical modeling has increasingly been promoted as crucial to mathematics education
(Berromeo Ferri, 2018; Blum, 2015; COMAP & SIAM, 2016; NGA Center & CCSSO, 2010). This point is
further reinforced when one examines the influence of teachers’ knowledge and attitudes on students’
mathematics learning. Research studies have shown that teachers’ knowledge of and attitudes toward
mathematics (including mathematical modeling) and their teaching are important factors influencing the
competence and attitudes of students towards mathematics in general (Di Martino & Zan, 2011; Thiel, 2010;
Zan, 2013). The next four subsections focus on the interconnected concepts of teachers’ knowledge and
attitudes, mathematical modeling, and teachers’ knowledge and attitudes toward mathematical modeling in

mathematics education.

Teachers’ Knowledge and Attitudes

Research on knowledge and attitudes have been motivated by the belief that teachers’ attitudes and knowledge
play a significant role in the teaching and learning of mathematics (Ball & Bass, 2000; Zan & Di Martino,
2007). Teachers play a vital role in students’ achievement—so an insufficient knowledge and negative attitudes
can be detrimental to the practices in mathematics classrooms (Youngs & Youngs, 2001). Additionally,
teachers’ knowledge and attitudes both overtly and covertly influence the classroom atmosphere, which affect
their behaviors and responses in relation to classroom practices (Zan & Di Martino, 2007). Moreover, research
shows that there are positive relationships among teachers’ knowledge, attitudes, and students’ achievement
(Hill et al., 2004; Zan & Di Martino, 2007). Therefore, teachers’ mathematical modeling knowledge and
attitudes are critical in assisting students in developing the mathematical skills and competencies required for

the 21st century.

Teachers’ knowledge was defined as the understanding practicing teachers have of mathematical modeling
standards and practices taught in K—12 schools as measured by the Mathematical Modeling Knowledge Scale
[MMKS] instrument (Asempapa, 2016, 2018, 2020). Similarly, teachers’ attitude was defined in this study as
the feeling of practicing teachers toward modeling and the teaching of modeling standards and practices as
measured by the Mathematical Modeling Attitude Scale [MMAS] (Asempapa, 2016, 2019; Asempapa &
Brooks, 2020). Teachers’ knowledge and attitudes influence what and how they teach in the classroom (Ball &
Bass, 2000; Guskey, 1988; Zan & Di Martino, 2007). Teachers’ knowledge contributes to both the quality of
instruction and student performance (Shulman, 1986) and attitudes affect their instructional practice and
allocation of instructional time (Guskey, 1988). Meijer et al. (1999) explained that it is essential for teachers to
have a rich knowledge of the subject they teach. Additionally, “effective attitudes and actions employed by
teachers ultimately can make a difference on the lives of their students” (Gourneau, 2005, p. 4). Moreover,

Thomas (2008) explained that teachers’ knowledge and attitudes toward educational reform have significant
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influence on inquiry instructional practices, which includes mathematical modeling.

Wilkins (2008) proposed a theoretical model relating teacher knowledge and attitude to instructional practices.
This theoretical model is based on Ernest’s (1989) model regarding the knowledge, belief, and attitudes of
teachers. It shows that teachers’ knowledge and attitudes are influenced by their background characteristics
including experience, education, and training (Wilkins, 2008). As suggested by Wilkin’s model, teachers’
knowledge and attitudes have a direct relationship with their behavior in their instructional practices, which
involve mathematical modeling. Therefore, knowledge and attitudes changes are important and unavoidable part
of any instructional innovation, and mathematical modeling practices are no exception, which is worth

examining.

Mathematical Modeling and Its Process

Mathematical modeling is not a new phenomenon in the area of mathematics and has been a central theme in
mathematics education during the past 30 years. Although there is no one agreed-upon definition of
mathematical modeling, it is a process where one identifies a situation in the real world, makes certain
assumptions and choices, and then uses a mathematical model to obtain a solution that can be translated back
into the real world. Mathematical modeling is defined in a variety of ways, but in this study, it is described as a
mathematical process in which problem solvers build explanations of mathematical information in the form of
non-physical models in order to make sense of scenarios (Chamberlin, 2019; Chamberlin & Parks, 2020). In the
GAIMME report, mathematical modeling is defined as “a process that uses mathematics to represent, analyze,
make predictions or otherwise provide insight into real-world phenomena” (COMMAP & SAIM, 2016, p. 8).
According to Blum (2015), mathematical modeling is important for students because mathematical models and
modeling are everywhere around us. Using mathematical modeling in mathematics instruction gives students
the opportunity to understand mathematics more meaningfully, learn mathematics by relating with real life, and

eliminate inadequacy of available problems.

Mathematical modeling is more than simply presenting students with a word problem. Whereas problem solving
usually begins with the idealized real-world situation in mathematical terms, mathematical modeling begins in
the “unedited” world, and after engaging in problem formulation and problem solving, the modeler moves back
into the real world where the results are considered against the original context of the problem (Pollak, 2012).
Additionally, Zbiek and Conner (2006) explained that mathematical modeling is a non-linear process that
involves elements of both a treated-as-real world and a mathematics world. Fundamentally, the mathematical
modeling process is defined by the iterative negotiation of learning between the real and mathematical worlds.
Thus, modeling is an iterative process that involves revisions before one arrives at an acceptable conclusion, and
the process involves movement among elements such as a real-world situation, a mathematical entity, and a
mathematical solution. Mathematical modeling as a process converges to a translation between the real world
and mathematics (Blum, 2015; Blum & Borromeo Ferri, 2009). In such a process, one identifies a situation in
the real world, makes certain assumptions and choices, and uses a mathematical model to obtain results that can

be translated back into reality and validated by their practicality (Lesh, 2012; Pollak, 2011).
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The mathematical modeling process is an iterative problem-solving procedure in which mathematics is used to
investigate and develop a deep understanding of real-world situations. Through mathematical modeling,
students are able to transition between the real-world (as they know it) and mathematics. Mathematical
modeling as a process occurs after a task is situated in a meaningful context and continues until a model is
complete, and results are known. This process contains the following steps: (a) understanding the phenomenon,
(b) constructing a representation or model, (c) mathematizing the phenomenon and performing computations,
(d) interpreting results, (e) validating them in reality, and (f) disseminating them through discussions and in
writing (Blum & Leiss, 2007; Integrating Mathematical Modeling Experiential Learning and Research through a
Sustainable Infrastructure and an Online Network [IMMERSION], 2016; NGA Center & CCSSO, 2010). Just as
there is no one agreed-upon definition for mathematical modeling, there is no one agreed-upon modeling
process. Therefore, mathematical modeling involves a multistep and an iterative process as illustrated in Figure
1, and can be defined as a process that uses mathematics and real-world context that situates mathematics

between a way of making sense of our world and a set of formal mathematical structures and representations.

1Constructing

3
I I
o :MQS!‘; E mathematical 2 simplifvi
model & problem Implitying/
Structuring
5. 2 3Mathematising
real auuaiionn_...--—-‘ siluation
& problem k.,r_-' model 4
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8 mathemalically
mathematical 5 Interprating
real rasults
rasults
5 & Validating
rest of the world
mathematics 7 Exposing

Figure 1. Mathematical Modeling Process (adapted from Blum, 2011, p. 18)

Benefits of Mathematical Modeling

The broad attention and growing usefulness of mathematical modeling warrants the need to examine teachers’
knowledge and attitudes toward it. A more compelling case about the benefits of mathematical modeling is the
emphasis on modeling in recent research, standards, and reports (Blum, 2015; COMAP & SIAM, 2016; NGA
Center & CCSSO, 2010; Next Generation Science Standards [NGSS] Lead States, 2013; Zawojewski, 2016).
Mathematical modeling brings many immediate benefits for both teachers and students. Research shows that
when students engage in mathematical modeling activities not only does such engagement help in their

achievement in mathematics (Boaler, 2001), but also it assists them with their social interaction and makes the
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learning of mathematics relevant and meaningful (English & Watters, 2004; Pollak, 2011). During mathematical
modeling activities, students get the opportunity to engage in mathematical tasks that match their current
conceptual understanding while simultaneously presenting opportunities for challenge and growth (Flevares &
Schiff, 2013). Mathematical modeling brings an important perspective to K—12 mathematics education, in that
the real world is not just a context to highlight the value of mathematics; rather, both the real world and
mathematics are taken seriously (Pollak, 2011). Research shows that mathematical modeling promotes students’
understanding of a wide range of key mathematical concepts and “should be fostered at every age and grade...

as a powerful way to accomplish learning with understanding in mathematics” (Romberg et al., 2005, p. 10).

Through mathematical modeling, students’ conceptual understanding and proficiencies in mathematics are
better developed because modeling provides great opportunities for both teachers and students to create tasks
that are of high cognitive demand. The high cognitive demand of modeling tasks offers students richer learning
experiences and multiple points of entry in solving real-life problems. Mathematical modeling plays an
important role in mathematics, because through modeling, students begin to appreciate the relevance and utility
of mathematics to individuals and the society (Pollak, 2011). Therefore, exploring teachers’ knowledge and
attitudes toward mathematical modeling will provide much more “powerful and effective ways to help students
become (a) better problem solvers, and (b) better able to use mathematics in real life situations beyond school”

(Lesh, 2012, p. 197).

Teachers’ Attitudes and Knowledge of Mathematical Modeling

Attitudes are an important aspect of a person’s personality. Teachers’ attitudes are resilient to change, because
they were developed and shaped over several years of their experiences (Maasepp & Bobis 2014). Teachers’
attitudes toward mathematical modeling instruction can determine to a large extent how teachers perceive and
respond to curriculum innovation efforts to infuse mathematical modeling learning experiences in the
classroom. To think about attitudes toward mathematical modeling instruction requires going beyond knowing
the practices of mathematical modeling, but may require understanding the complex interplay among aspects of
other forms of teacher attitudes in the mathematical modeling instruction (Hannula et al., 2016). Thus, teachers’
attitudes toward mathematical modeling have a significant impact on their mathematics instruction. According
to Veloo and Chairhany (2013), attitude is the main factor in a person’s orientation to learning a topic.
Therefore, it is important for researchers and mathematics educators to identify teachers’ attitudes towards
mathematical modeling, especially those with which they are less familiar, and to use this knowledge in taking

appropriate measures to improve these attitudes (Hannula et al., 2016; Veloo & Chairhany 2013).

Teachers’ attitudes can influence mathematical modeling practices in the classroom and research findings in the
international community on mathematics education indicate that teachers’ attitudes toward mathematics affect
mathematics instruction (Thiel, 2010), and students’ attitudes and achievement (Tella, 2009). The motivation
behind research on attitudes emanates from the belief that attitude and knowledge play a significant role in the
teaching and learning of mathematics (Di Martino & Zan, 2015). When new standards or topics are introduced,

they may demand on the part of teachers to revise, refine, or change their attitudes, which is a challenge for most
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teachers. To improve teaching and the curriculum “it is not enough for people to act differently, which is a
surface phenomenon, they may also be required to change the way they think about certain issues, which is a
deeper and more complex change” (Kennedy, 1988, p. 329). “Teachers’ educational attitudes, although in many
cases unconsciously held, have an effect on their classroom behavior, influence what students actually learn, and

are a potent determinant of teachers’ teaching style” (Karavas-Doukas, 1996, p. 188).

Equally important to teachers’ attitudes is teachers’ knowledge of mathematical modeling. Research suggests
that teacher’s knowledge is essential for teaching mathematics (Ma, 1999). Ball et al. (2008) suggested that
mathematics teachers need certain knowledge domains—subject matter knowledge and content knowledge.
Teachers’ ability to teach depends on their knowledge, so if teachers do not possess strong knowledge of
mathematical modeling, we cannot expect them to promote mathematical modeling practices effectively in their
classrooms as outlined and emphasized in the CCSSM and the GAIMME report. In recent years, the knowledge
of teachers regarding mathematical modeling practices has received much discussion in the literature (Borromeo
Ferri, 2018; Paolucci & Wessels, 2017). However, within mathematics education, defining the knowledge of
mathematical modeling could seem as a complex construct because of the discrepancy in the components
associated with the mathematical modeling process usually used as a criterion in teaching mathematical

modeling.

Teachers’ knowledge of mathematical modeling was conceptualized as their understanding, interpretations,
familiarizations, and minimal competencies associated with the Common Core standard of mathematical
practice—model with mathematics—and teaching and learning of mathematical modeling (Borromeo Ferri,
2018; Blum, 2015; NGA Center & CCSSO, 2010). Teachers’ knowledge is crucially important to the
improvement of teaching and learning mathematical modeling. Theoretical and empirical research into the work
of teaching (Ma, 1999; Shulman, 1986, 1987) has prompted greater attention to the role knowledge of the topic
plays in teacher education. Shulman emphasized the importance of teacher’s subject matter knowledge as a
central aspect of teachers’ professional competence. As Ponte and Chapman (2008) explained, “having strong
content knowledge does not produce an effective mathematics teacher, [but] teachers with subpar knowledge
struggle to promote relational and conceptual understanding” (p. 226). Almost 22 years later, Ball et al., (2008)
explained that teachers need strong knowledge to teach mathematics effectively, because their knowledge does
influence student learning. Therefore, examining teachers’ knowledge of mathematical modeling cannot be
overlooked. As Ma (1999) articulated, “the quality of teachers subject matter knowledge directly affects student
learning” (p. 144). One can only teach what he or she knows, therefore, “teachers must have an in-depth
knowledge not only of the specific mathematics they teach, but also of the mathematics that their students are to
learn for the future” (Fennema & Franke, 1992, p. 147). In the past few years, teachers’ knowledge and attitudes
toward mathematical modeling has become an object of concern (Jacobs & Durandt, 2017; Tan & Ang, 2012).
The lack of teachers’ in-depth knowledge, productive attitudes, and skills for teaching mathematical modeling
led to the development of the modeling standards in the Common Core and the GAIMME report. At the time of
writing this article, there is no empirical research in the literature that had explored teachers’ knowledge and

attitudes toward mathematical modeling.
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The Present Study

Despite the importance of mathematical modeling education, there is no known empirical research that
investigates the association between practicing teachers’ knowledge and attitudes towards mathematical
modeling. For this reason, this study sought to examine what teachers know about mathematical modeling
practices, their attitudes toward such modeling, and modeled the relationship among these variables. In doing
so, the focus of this research reported on examining the relationship between teachers ‘knowledge and attitudes
toward modeling, and the connections made between teachers’ knowledge, attitudes, and some selected
demographic variables on mathematical modeling as a construct. Therefore, to accomplish this purpose, the
following research questions guided the study:

Research Question 1(RQ1): What does the scale reveal about teachers’ knowledge and attitudes toward

mathematical modeling and is there a relationship between these two constructs?

Research Question 2(RQ2): Do age, teaching experience, gender, and grade level band predict teachers’

overall attitudes toward mathematical modeling?

Research Question 3 (RQ3): Are there differences between teachers’ grade level band and gender on

their knowledge of modeling and overall attitude towards such modeling?

Method

Participants and Study Setting

The participants in this current study were practicing teachers of mathematics from Midwestern U.S. The study
participants teach mathematics to students in the following grade level bands: elementary school: K—Grades 5,
middle school: Grades 6-8, and high school: Grades 9—12. Additionally, participants were from nine public
school districts, and the school districts were classified as rural, small-town, suburban, and urban. The number
of participants who consented to participate in the study were n = 335, with a response rate of about 25% via an

Online, self-administered survey.

Of the 335 participants and given this sample size, 268 (80.0 %) self-identified as females, and 67 (20.0 %) as
males. The characteristics of the sample proportionately reflected the gender of the larger teacher population.
The average age of the participants was 40.42 years, with a SD = 10.84 and the average years of teaching
experience was 13.78 with a SD = 8.75. Majority of the participants self-identified as elementary school
teachers (66.9%, n = 224). Almost 16.7% (n = 56) of the participants were middle school teachers, and the
remaining 16.4% (n = 55) were high school teachers. Participants had different backgrounds with respect to

race, highest degree earned, teaching credentials, and school district typology.

Instrumentation

The survey used to collect information on teachers’ knowledge and attitudes toward mathematical modeling

consisted of two validated scales. The two validated scales used to collect data were the MMKS (Asempapa,

2016, 2018, 2020) and MMAS (Asempapa, 2016, 2019; Asempapa & Brooks, 2020). The MMKS is a 12-item
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unidimensional Likert survey that measures practicing teachers’ knowledge of mathematical modeling. The
items on the MMKS were derived from current and relevant literature including the CCSSM modeling
standards, the GAIMME report, and the NCTM’s annual perspectives in 2016 on mathematical modeling
(COMAP & SIAM, 2016; Hirsch & Roth McDuffie, 2016; NGA Center & CCSSO, 2010). The MMKS is
single-factor scale and was supported in its development and validation by a scree plot, factor structure,
exploratory factor analysis (EFA) (Asempapa 2018, 2020) and confirmatory factor analysis (CFA) (Asempapa
& Brooks, 2020). The reliability measure of the scale’s internal consistency for the 12 items (without the
demographic information) is reflected in the Cronbach’s alpha of .84 (Asempapa, 2016, 2018, 2020). The
goodness of fit indices for the single-factor model based on the CFA including TLI = .96; GFI = .95; RMSEA =
.05; CF1=.97; and SRMR = .04 indicated a good model.

Similarly, teachers’ attitudes toward mathematical modeling were measured with the MMAS. The MMAS used
in this present study is a 28-item multi-dimensional Likert scale with four subscales. The MMAS items were
created from recent and relevant literature including the CCSSM modeling standards, the GAIMME report, and
the NCTM’s annual perspectives in 2016 on mathematical modeling (COMAP & SIAM, 2016; Hirsch & Roth
McDuffie, 2016; NGA Center & CCSSO, 2010). The development and validation of the MMAS was supported
by a scree plot, factor structure, and exploratory factor analysis (EFA) (Asempapa 2019, Asempapa & Brooks,
2020) and confirmatory factor analysis (CFA) (Asempapa & Brooks, 2020). The goodness of fit indices for the
four-factor model based on the CFA including TLI =.90; GFI = .90; RMSEA = .05; CFI = .92; and SRMR = .05
indicated a good model. The overall reliability of the 28 items on the scale was .91 (Asempapa, 2016, 2019;
Asempapa & Brooks, 2020).

Procedure and Data Analysis

According to Creswell (2009), the research design of a study summarizes the basic methods that researchers
employ to answer their research questions. Likewise, it is essential for researchers to select the appropriate
research design to meet the objectives of the study. The quantitative approach to this study is as a result of the
belief that attributes, phenomena, or variables in human behavior can be studied empirically. Thus, a survey
research design—specifically a cross-sectional survey research design was used in this study (Fowler, 2014).
Additionally, this study employed purposeful sampling (Creswell, 2009) to identify participants. An Online self-
administered survey was chosen because it is believed the participants in the study have the skills and access to
use the internet (Dillman et al., 2009). Moreover, with self-administered surveys, participants do not have to
share answers with an interviewer, which makes collection of sensitive data likely valid (Fowler, 2014).
Because of the nature of the data collection non-responses were unexamined and incomplete surveys were

discarded.

Because Likert scales were used in the data collection process, it gave the researcher the ability to combine the
scale items into a single composite score during the data analyses (Boone & Boone, 2012; Joshi et al., 2015;
Subedi, 2016), which helped provide quantitative measures of teachers’ knowledge and attitudes toward

mathematical modeling. Data analyses for examining teachers’ knowledge and attitudes toward mathematical
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modeling employed different statistical methods. The statistical analyses included descriptive statistics, multiple
regression, and ANOVA. Specifically, linear correlation, bivariate, and multiple regression analyses were used
to explore the relationship between the means score of teachers’ knowledge and overall attitudes. The difference
between mean scores of teacher’s knowledge or overall attitudes and other demographic variables were
examined by using ANOVA. Tukey’s test was performed for multiple comparison testing (post-hoc analysis)
where applicable (Warner, 2013). All data were analyzed using SPSS version 25. In all statistical analyses, a p <

.05 was considered to be statistically significant.

Results and Discussion

RQ1: Teachers Knowledge and Attitudes toward Mathematical Modeling and their Relationships

RQI explored what the survey revealed about teachers’ knowledge and attitudes toward mathematical modeling
and the relationship between the two constructs. The mean score of participants on the MMKS was 9.51 (SD =
2.81), with a 1.12 standard error of measurement (SEM), showed satisfactory knowledge of mathematical
modeling. Thus, with this particular sample, the MMKS sores should fluctuate by about a point, on average, due

to random measurement error in measuring teachers’ knowledge of mathematical modeling.

Additionally, descriptive statistics on the MMKS revealed that among K—12 female teachers’ (M = 9.56) had a
higher mean score than the male teachers (M = 8.84). Similarly, with grade level bands, elementary teachers (M
= 9.46) had a higher score compared to both middle school (M = 8.36) and high school (M = 8.43) teachers. The
Cronbach’s alpha measure of internal consistency for MMAS was .91. Similarly, teachers’ mean MMAS score
of 4.82 (SD = .48), showed a slightly positive overall attitudes toward mathematical modeling. Moreover, the
scores on the MMAS revealed that female teachers’ (M = 4.83) had a higher score than male teachers (M =
4.66). Again, middle school teachers (M = 4.84) had a higher score than elementary (M = 4.77) and high school
(M=4.61).

To determine whether there was a statistically significant relationship between teachers’ knowledge and overall
attitudes toward mathematical modeling, first, the data set was examined for bivariate correlation. A Pearson
product-moment correlation coefficient was conducted to assess the relationship between teachers’ knowledge
of mathematical modeling and overall attitude toward such modeling. The scatter plot of knowledge of
modeling and attitude towards such modeling suggested a moderate positive relationship between teachers’
knowledge of mathematical modeling and overall attitude towards such modeling as shown in Figure 2. The
correlation between the two variables was statistically significant, #(335) = .41, p < 0.05 (two-tailed), with an

effect size of .25.

Additionally, a bivariate regression was performed to evaluate how well overall attitude toward modeling could
be predicted from knowledge of mathematical modeling. The correlation between knowledge of mathematical
modeling and attitudes toward such modeling for this sample data was statistically significant #(335) = .41, p <
0.05. The regression model (Attitude = 4.47 + .25 x Knowledge) for predicting teachers’ attitudes toward

modeling from their knowledge indicates that a relatively moderate significant amount of variation (25%) in
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teachers attitudes can be accounted for by knowledge, F(1, 333) = 15.67, p < .05. The bivariate analysis
revealed that knowledge of modeling was statistically significantly correlated with attitudes toward modeling,
and the R* for this model was about .25. Therefore, about 25% of the variance in teachers’ overall attitudes

toward mathematical modeling was predictable from knowledge of mathematical modeling from this particular

sample.
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Figure 2. A scatter Plot of Teachers’ Knowledge and Attitude toward Modeling

RQ2: Predicting Attitudes from Selected Variables

To answer RQ2, a multiple linear regression was performed to determine whether teachers’ overall attitude
towards mathematical modeling (Average MMAS) could be predicted from selected demographics variables
including age, years of teaching experience, gender, and grade level band. Preliminary data screening had been
done to assess whether the assumptions for multiple linear regression were seriously violated. Examination of
the histogram of scores on the dependent variable suggested that Average MMAS scores had a normal
distribution. Visual examination of the plot of standardized residuals showed that the assumption of
homoscedasticity was not violated. Likewise, multicollinearity was not an issue, therefore, all the assumptions

were tenable for the multiple regression.

The SPSS enter regression method in the multiple regression analysis was used for this analysis. A multiple
linear regression analysis was run to predict Average MMAS from age, years of teaching experience, gender,
and grade level band. Because gender and grade level band were categorical variables, they were dummy coded

for the multiple regression analysis. Basic descriptive statistics and regression results are summarized in Table 1
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with gender and grade level band recoded into dummy variables. The predictor variables that had a statistically
significant zero-order correlations and partial effects (p < .05) in the full model are marked with the symbol (*)
as shown in Table 1. The five predictors in the model were able to account for about 10% of the variance in

Average MMAS scores, F(5, 329) =3.57, p <.05, R* = .10.

Table 1. Multiple Linear Regression Predicting Average MMAS

Zero-order r

Variable AG TE GD GLE GLH MMAS B sr b

GLH —.19%* —0.26* -.16 —-0.19

GLE —.58%* 11 —0.04 -.03 —0.04

GD 29% —.15% 14* 0.14* 12 0.12

TE .07 14%* —.18* .003 0.001 .01 0.01

AG J6* .01 JA13% —11* -.04 —0.003 -.04 —0.06
Intercept = 4.88

M 40.22 13.76 0.78 0.65 0.16 4.83

SD 10.78  8.76 0.41 0.48 0.37 0.48 R’ =.10%

Note. AG = Age; TE = Years of Teaching Experience; GD = Gender; GLE = Grade Level Elementary; GLH =
Grade Level High School; and MMAS = Average MMAS.
*p <.05.n=335.

RQ3: Differences between Selected Variables on Teachers’ Knowledge and Attitudes toward Modeling

RQ3 was analyzed in two parts. The first part examined whether there were differences in teachers’ grade level
band and gender on their knowledge of mathematical modeling. To achieve this, a factorial ANOVA was
performed to determine whether there were statistically significant differences between teachers’ knowledge of
mathematical modeling (Total MMKS) and their grade level (elementary, middle, high), gender (female, male),
and interaction between the variables. An examination of the histogram of Total MMKS scores showed a
slightly skewed distribution. The Levene’s Test for equality of variance was F(5,329) = 22.83, p < .00, which
was a violation of the homogeneity assumption and could be due to the unequal cell sizes. However, no data
transformation was applied because Tabachnick and Fidell (2007) stated that ANOVA is robust to modest

violations of these assumptions. Table 2 provides descriptive statistics for the ANOVA results.

The two-way ANOVA showed there was a statistically significant main effect of teachers’ grade level band on
knowledge of the nature of mathematical modeling, F(2, 329) = 3.61, p < .05, partial n* = .02. Additionally,
there was a statistically significant main effect of teachers’ gender on knowledge of the nature of mathematical
modeling, F(1, 329) = 15.20, p < .01, partial n* = .05. Moreover, there was a statistically significant interaction
between teacher’s grade level band and their gender on knowledge of the nature of mathematical modeling, F(2,
329) =4.94, p < .01, partial n> = .03. Based on the effect sizes of the main factors (gender and grade level band),
the significant interaction effect indicates that the gender effect was greater in teachers’ knowledge of modeling

than in grade level band.
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Table 2. Descriptive Statistics for the 3 x 2 ANOVA on the MMKS

Total MMKS
Grade Level n Gender M SD

K-5 28 Male 9.07 3.88
196 Female 9.84 1.99

224 Total 9.74 2.32

6-8 21 Male 6.62 5.31
35 Female 10.11 1.39

56 Total 8.80 3.79

9-12 18 Male 8.16 4.21
37 Female 8.71 3.38

55 Total 8.52 3.66

Total 67 Male 8.06 4.51
268 Female 9.73 2.19

335 Total 9.38 2.90

Examination of the estimated marginal means showed that female teachers in elementary, middle, and high
school had higher scores on the knowledge of mathematical modeling on average than their male counterparts.
There was a statistical significance in the mean difference (M) for gender; My = 1.61, 95% CI [.80, 2.42], p
<.001. Additionally, the Tukey’s post hoc test showed that within the grade level band, there was a statistically
significant difference in means between elementary and high school teachers, My = 1.22, 95% CI [.23, 2.22], p
<.05. However, there was no statistically significant difference in means between elementary and middle school
teachers, My = .94, 95% CI [-.06, 1.94], p = .07 and middle and high school teachers, My = .29, 95% CI [—
.99, 1.56], p = .10.

The second part of RQ3 investigated whether there were differences in teachers’ grade level band and gender on
their overall attitudes toward mathematical modeling. To accomplish this, a factorial ANOVA was performed to
determine whether there were statistically significant differences between teachers’ overall attitude towards
mathematical modeling (Average MMAS) and their grade level (elementary, middle, high), gender (female,
male), and interaction between the variables. Preliminary data screening and examination of the histogram of
scores on the dependent variable suggested that Average MMAS scores had a normal distribution. The
probability associated with Levene’s test for equality of variance was F(5,329) = .25, p = .938. Therefore, all the
assumptions were tenable for the variable Average MMAS. Table 3 provides descriptive statistics for the

ANOVA results.

The two-way ANOVA showed there was a statistically significant main effect of teachers’ grade level on

attitude toward mathematical modeling, F(2, 329) = 2.94, p < .05, partial n> = .02. Additionally, there was a
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statistically significant main effect of teachers’ gender on teachers’ attitude toward mathematical modeling, F(1,
329) = 5.58, p < .05, partial n* = .02. However, there was no statistically significant interaction between
teacher’s grade level and their gender on attitude toward mathematical modeling, F(2, 329) = 1.25, p = .29,
partial n* = .01. This suggests that there was no interaction between the two factors on overall attitude towards

mathematical modeling.

Table 3. Descriptive Statistics for the 3 x 2 ANOVA on the MMAS

Average MMAS
Grade Level n Gender M SD

K-5 28 Male 4.66 0.46
196 Female 4.89 0.49

224 Total 4.86 0.49

6-8 21 Male 4.70 0.40
35 Female 4.97 0.46

56 Total 4.87 0.46

9-12 18 Male 4.62 0.49
37 Female 4.62 0.43

55 Total 4.62 0.44

Total 67 Male 4.66 0.45
268 Female 4.87 0.48

335 Total 4.82 0.48

A follow up analysis showed there was a statistical significance in gender with a mean difference of .17, 95% CI
[.03, .30], p < .05. The results showed that female elementary and middle school teachers had a relatively
positive attitude toward mathematical modeling on average than their male counterparts. Within the high school
teachers, both female and male teachers had on average the same positive attitude towards mathematical
modeling. Additionally, the Tukey’s post hoc test showed that within the grade level, there was a statistically
significant difference in means between elementary and high school teachers, My = .24, 95% CI [.07, .41], p <
.05 and middle and high school teachers, My = .25, 95% CI [.04, .46], p < .05. However, there was no
statistically significant difference in means between elementary and middle school teachers, My = .01, 95% CI

[-.18,.16], p = .12.

Conclusion and Implications

The purpose of this quantitative study was to investigate teachers’ knowledge and attitudes toward mathematical
modeling. The role that mathematical modeling has in school mathematics curriculum is of paramount interest
for the achievement of goals put forth by the NCTM, CCSSM and GAIMME report, which are in agreement of
promoting mathematical modeling education. Practices associated with mathematical modeling are relatively
new and understanding the level of teachers’ knowledge and attitudes they bring to the classroom is important

when identifying their professional needs related to teaching modeling standards. The findings in the study
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indicate that K—12 teachers have satisfactory knowledge and slightly positive overall attitudes toward
mathematical modeling. Teachers’ knowledge and attitudes are important factors in teaching (Hill et al., 2005).
The results showed that teacher’s knowledge of mathematical modeling was relatively higher among elementary
teachers than high school or middle school teachers. This revelation was surprising because mathematical
modeling is both a standard of mathematical practice and a conceptual category for high school teachers.
Consequently, high school teachers were expected to be well informed and knowledgeable about mathematical
modeling. An explanation to this disparity could be attributed to the context of mathematical modeling or
difference in sample size. Additionally, the study results indicated a statistical significance on teachers’
knowledge and overall attitudes toward mathematical modeling. This finding was not surprising because other
similar studies indicate that teachers have positive attitudes toward mathematics in general (Thiel, 2010;
Wilkins, 2002). In terms of the relationship between the two main variables, the study results suggest that it is
possible to predict teachers’ attitudes from their knowledge on the construct mathematical modeling (R = 25%)),

which is in concurrence with other studies (Hannigan et al., 2013; Wilkins, 2008).

The findings of this study show that the participants have moderate knowledge and overall attitudes toward
mathematical modeling and these results are consistent with other previous related studies (Wilkins, 2002,
2008). This indicates that teachers need mastery in the area of mathematical modeling and teaching to improve
their teacher efficacy and effectiveness in the classroom. This could be accomplished through the development
of preservice coursework and in-service workshops, or professional development specifically designed and
devoted to mathematical modeling education. Previous research measuring teachers’ knowledge and attitudes
regarding mathematical modeling are lacking in the research, making these current findings an important
addition to the knowledge base in mathematics education. Related studies show that teacher knowledge and
attitudes are strong indicators of teachers’ ability to be successful in the classroom (Cakiroglu et al., 2012;

Fessehatsion & Peng, 2021; Hill et al., 2005; Reichenberg, 2021).

Although this study was limited to public school teachers of mathematics in a midwestern state in the U.S., and
only represents a fraction of the national K—12 teachers of mathematics population, a major strength of this
research is the evidence provided regarding teachers’ knowledge and attitudes toward modeling, which is scarce
in the literature. This provides researchers, policy makers, and teacher educators with an understanding of
teachers’ current levels of knowledge and attitudes toward mathematical modeling. Even with these limitations,
the findings from this study offer interesting insights into the relationship between these variables and provide
mathematics educators and researchers with additional evidence of the importance of enhancing teachers’
knowledge and attitudes toward mathematical modeling as they relate to instructional practices in the teaching

and learning of mathematics.
Future Research Directions
The purpose of this research was to examine and explore the relationship between teachers’ knowledge and

attitudes toward mathematical modeling. This study provided preliminary insights into K—12 practicing

teachers’ knowledge and attitudes toward mathematical modeling, while considering the relationships between

286



International Journal of Education in Mathematics, Science, and Technology (IJEMST)

them and some selected demographic variables. The methods applied in this study could be used in future
research in coordination with qualitative methods such as interviews and observation to provide further evidence
of validation that would strengthen how the results are interpreted and applied by other researchers.
Additionally, an area that needs to be addressed in future research is the focus on the subscales to identify the
unique contribution of different factors in explaining the impact of teachers’ attitudes on mathematical
modeling. The use of subscales in subsequent data collection and to hypothesize, will deepen understanding of

the influence of these unique factors (subscales).

Teachers’ moderate knowledge and attitudes toward mathematical modeling suggest the need in the area of
mathematical modeling professional development for teachers of mathematics (Phillips, 2016). Developers of
professional development programs need to create professional growth opportunities for teachers that fit the
mathematical modeling standards and guidelines in the CCSSM and the GAIMME report respectively. More
research is needed to identify the components to include in in-service training programs related to mathematical
modeling education and the impact that these trainings have on classroom instruction. Although this current
study points to the need of strengthening teachers’ knowledge, attitudes, practices, and experiences with
mathematical modeling, future research is needed to determine the specific types of expertise, experiences, and
professional support that teachers need to successfully implement the mathematical modeling standards and

practices outlined in both the CCSSM and the GAIMME documents.

References

Asempapa, R. S. (2016). Developing an instrument to assess teachers’ knowledge of the nature of mathematical
modeling and their attitude toward such modeling. (Doctoral dissertation). Retrieved from
http://rave.ohiolink.edu/etdc/view?acc_num=ohioul458581416

Asempapa, R. S. (2018). Assessing teachers’ knowledge of mathematical modeling: Results from an initial scale
development. Journal of Mathematics Education, 11(1), 1-16.
https://doi.org/10.26711/007577152790017

Asempapa, R. S. (2019). Development and initial psychometric properties of the mathematical modeling
attitude scale. School Science and Mathematics. 119(1), 14-23. http://dx.doi.org/10.1111/ssm.12311

Asempapa, R. S. (2020). The development of teachers’ knowledge of the nature of mathematical modeling
scale.  International  Journal of  Assessment Tools in  Education. 7(2), 236-254.
https://doi.org/10.21449/ijate.737284

Asempapa, R. S., & Brooks, G. P. (2020). Factor analysis and psychometric evaluation of the mathematical
modeling attitude scale for teachers of mathematics. Journal of Mathematics Teacher Education.
https://doi.org/10.1007/s10857-020-09482-0

Aydogan-Yenmez, A., Erbas, A.K., Alacaci, C., Cakiroglu, E. & Cetinkaya, B. (2017). Evolution of
mathematics teachers’ pedagogical knowledge when they are teaching through modeling. International
Journal of Education in Mathematics, Science and Technology, 5(4), 317-332.

Ball, D. L., & Bass, H. (2000). Interweaving content and pedagogy in teaching and learning to teach: Knowing

and using mathematics. In J. Boaler (Ed.), Multiple perspectives on the teaching and learning of

287


http://rave.ohiolink.edu/etdc/view?acc_num=ohiou1458581416
https://doi.org/10.26711/007577152790017
http://dx.doi.org/10.1111/ssm.12311
https://doi.org/10.21449/ijate.737284
https://doi.org/10.1007/s10857-020-09482-0

Asempapa

mathematics (pp. 83—104). Ablex.

Ball, D. L., Thames, M. H., & Phelps, G. (2008). Content knowledge for teaching: What makes it special?
Journal of Teacher Education, 59, 389—407.

Blum, W. (2011). Can modelling be taught and learnt? Some answers from empirical research. In G. Kaiser, W.
Blum, R. Borromeo Ferri, & G. Stillman (Eds), Trends in teaching and learning of mathematical
modelling (ICTMA 14) (pp. 15-30). Springer.

Blum, W. (2015). Quality teaching of mathematical modelling: What do we know, what can we do? In S. J. Cho
(Ed.), Proceedings of the 12th international congress on mathematical education: Intellectual and
attitudinal challenges (pp. 73-96). Springer.

Blum, W., & Borromeo Ferri, R. (2009). Mathematical modelling: Can it be taught and learnt? Journal of
Mathematical Modelling and Application, 1, 45-58.

Blum, W., & Leiss, D. (2007). How do students and teachers deal with modelling problems? In C. Haines, P.
Galbraith, W. Blum, & S. Khan (Eds.), Mathematical modelling: Education, engineering and
economics—ICTMA 12 (pp. 222-231). Horwood.

Boaler, J. (2001). Mathematical modelling and new theories of learning. Teaching Mathematics & Its
Applications, 20, 121-127.

Borromeo Ferri. R. (2018). Learning how to teach mathematical modeling in school and teacher education.
Picassoplatz, Switzerland: Springer.

Cakiroglu, J., Capa-Aydin, Y., & Hoy, A. W. (2012). Science teaching efficacy beliefs. In B. Fraser, K. Tobin,
& C. McRobbie (Eds.), Second international handbook of science education (pp. 449—461). Springer.

Chamberlin, S. A. (2019). The construct of affect in mathematical modeling. In S. Chamberlin & B. Sriraman
(Eds.), Affect in mathematical modeling (p.15-28). Springer.

Chamberlin, S. A., & Parks, K. (2020). A comparison of student affect after engaging in a mathematical
modeling activity. International Journal of Education in Mathematics, Science and Technology, 8(3),
177-189.

Consortium for Mathematics and Its Applications [COMAP] and Society for Industrial and Applied
Mathematics[SIAM] (2016). Guidelines for assessment and instruction in mathematical modeling
education. Retrieved from http://www.siam.org/reports/gaimme.php

Creswell, J. W. (2009). Research design: Qualitative, quantitative, and mixed methods approaches. (3rd ed.).
Sage.

Dillman, D. A., Smyth, J. D., & Christian, L. M. (2009). Internet, mail, and mixed-mode surveys: The tailored
design method (3rd ed.). Wiley.

Di Martino, P., & Zan, R. (2011). Attitude towards mathematics: A bridge between beliefs and emotions. ZDM—
The International Journal on Mathematics Education, 43(4), 471-482.

Di Martino, P., & Zan, R. (2015). The construct of attitude in mathematics education. In B. Pepin & B.
Roesken-Winter (Eds.), From beliefs to dynamic affect systems in mathematics education. Exploring a
mosaic of relationships and interactions (pp. 51-72). Springer.

English, L. D., & Watters, J. J. (2004). Mathematical modelling with young children. In J. M. Hoines & B. A.
Fuglestad (Eds.), Proceedings of the 28th International PME Conference (pp. 335-342). Bergen
University College.

288


http://www.siam.org/reports/gaimme.php

International Journal of Education in Mathematics, Science, and Technology (IJEMST)

Fessehatsion, P. W. & Peng, P. (2021). Exploring Teachers’ Retention and Attrition in Middle and Secondary
Schools in Eritrea: Perspectives of Currently Serving Teachers. International Journal of Research in
Education and Science (IJRES), 7(1), 227-244. https://doi.org/10.46328/ijres.1532

Flevares, L. M., & Schiff, J. R. (2013). Engaging young learners in integration through mathematical modeling:
Asking big questions, finding answers, and doing big thinking. Advances in Early Education and Day
Care, 17, 33-56.

Fowler, F. J. (2014). Survey research methods (5th ed.). Sage.

Galbraith, P. (2017). Forty years on: Mathematical modelling in and for education. In A. Downton, S. Livy, & J.
Hall (Eds.), 40 Years on: We are still learning! Proceedings of the 40th annual conference of the
Mathematics Education Research Group of Australasia [MERGA] (pp. 47-50). MERGA.

Gaston, J. L., & Lawrence, B. A. (2015). Supporting Teachers’ Learning about Mathematical Modeling. Journal
of Mathematics Research, 7(4), 1-11.

Gould, H. T. (2013). Teachers’ conceptions of mathematical modeling. Retrieved from
http://academiccommons.columbia.edu/item/ac:161497

Gourneau, B. (2005). Five attitudes of effective teachers: Implications for teacher training. Essays in Education,
13,1-8.

Guskey, T. R. (1988). Teacher efficacy, self-concept, and attitudes toward the implementation of instructional
innovation. Teaching and Teacher Education: An International Journal of Research and Studies, 4, 63—
69.

Hannigan, A., Gill, O., & Leavy, A. M. (2013). An investigation of prospective secondary mathematics
teachers’ conceptual knowledge of and attitudes towards statistics. Journal of Mathematics Teacher
Education, 16(6), 427-449.

Hannula, M. S., Di Martino, P., Pantziara, M., Zhang, Q., Morselli, F., Heyd-Metzuyanim, E., Lutovac, S.,
Kaasila, R., Middleton, J. A., Jansen, A., & Goldin, G. A. (2016). Attitudes, beliefs, motivation and
identity in mathematics education: An overview of the field and future directions. Springer.

Hill, H. C., Schilling, S. G., & Ball, D. L. (2004). Developing measures of teachers’ mathematics knowledge for
teaching. The Elementary School Journal, 105, 11-30.

Hill, H.C., Rowan, B., & Ball, D.L. (2005). Effects of teachers’ mathematical knowledge for teaching on
student achievement. American Educational Research Journal, 42(2), 371-406.

Hirsch, C., & Roth McDuffie, A. (Eds.). (2016). Annual perspectives in mathematics education 2016
Mathematical modeling and modeling mathematics. National Council of Teachers of Mathematics.
Integrating mathematical modeling experiential learning and research through a sustainable infrastructure and an
online Network [IMMERSION] (2016). Mathematical modeling in elementary grades: Outreach
activities in immersion program. Retrieved from

http://sigmaa.maa.org/mcst/documents/ThelmmersionProgram.pdf

Jacobs, G. J., & Durandt, R. (2017). Attitudes of pre-service mathematics teachers towards modelling: A South
African inquiry. Eurasia Journal of Mathematics, Science & Technology Education, 13(1).61-84

Kaiser, G. (2017). The teaching and learning of mathematical modelling. In J. Cai (Ed.), Compendium for
Research in Mathematics Education (pp. 267-291). National Council of Teachers of Mathematics.

289



Asempapa

Kaiser, G., Schwarz, B., & Tiedemann, S. (2010). Future teachers’ professional knowledge on modeling. In R.
Lesh, P. L. Galbraith, C. R. Haines, & A. Hurford, (Eds.), Modeling students’ mathematical modeling
competencies. ICTMA 13 (pp. 433—444). Springer.

Karavas-Doukas, E. (1996). Using attitude scales to investigate teachers’ attitude to the communicative
approach. ELT Journal, 50, 187-198.

Kennedy, C. (1988). Evaluation of the management of change in ELT projects. Applied Linguistics, 9, 329-342.

Lesh, R (2012). Research on models & modeling and implications for common core state curriculum standards.
In R. Mayes, L. Hatfield, & S. Belbase, (Eds.), WISDOM® Monograph: Quantitative reasoning and
mathematical modeling: A driver for STEM integrated education and teaching in context, (Vol. 2, pp.
197-203). University of Wyoming.

Ma, L. (1999). Knowing and teaching elementary mathematics: Teachers’ understanding of fundamental
mathematics in China and the United States. Erlbaum.

Maasepp, B. & Bobis, J. (2014). Prospective primary teachers' beliefs about mathematics. Mathematics Teacher
Education and Development, 16(2), 89-107.

Meijer, P. C., Verloop, N., & Beijaard, D. (1999). Exploring language teachers’ practical knowledge about
teaching reading comprehension. Teaching and Teacher Education, 15(1), 59-84.

National Governors Association Center for Best Practices & Council of Chief State School Officers. (2010).
Common core state standards  for mathematics. Author. Retrieved from
http://corestandards.org/assets/CCSSI_Math%20Standards.pdf.

Next Generation Science Standards Lead States. (2013). Next generation science standards: For states, by
states. National Academies Press.

Paolucci, C., & Wessels. H. (2017). An examination of preservice teachers’ capacity to create mathematical
modeling problems for children. Journal of Teacher Education, 68(3), 330-344.

Phillips, E. D. (2016). Supporting teachers’ learning about mathematical modeling. In C. R. Hirsch & A. Roth
McDuffie (Eds.), Annual perspectives in mathematics education 2016: Mathematical modeling and
modeling mathematics (pp. 249-251). National Council of Teachers of Mathematics.

Ponte, J. P., & Chapman, O. (2008). Preservice mathematics teachers’ knowledge and development. In L. D.
English (Ed.), Handbook of international research in mathematics education (2nd ed., pp. 223-261).
Routledge.

Pollak, H. O. (2011). What is mathematical modeling? Journal of Mathematics Education at Teachers College,
2, 64.

Pollak, H. O. (2012). Introduction: What is mathematical modeling? In H. Gould., D. R. Murray & A.
Sanfratello (Eds.), mathematical modeling handbook, (pp. viii—ix). Consortium for Mathematics and Its
applications.

Reichenberg, M. (2021). Predictors of Swedish Teachers’ Attitudes and Willingness towards Research-based
Teaching: Results of a Survey Study. International Journal on Social and Education Sciences (IJonSES),
3(3), 504-517. https://doi.org/10.46328/ijonses.191

Romberg, T. A., Carpenter, T. P., & Kwako, J. (2005). Standards-based reform and teaching for understanding.
In T. A. Romberg, T. P. Carpenter, & F. Dremock (Eds.), Understanding mathematics and science
matters (pp. 3—26). Erlbaum.

290


http://corestandards.org/assets/CCSSI_Math%20Standards.pdf

International Journal of Education in Mathematics, Science, and Technology (IJEMST)

Schukajlow, S., Kaiser, G., & Stillman, G. (2018). Empirical research on teaching and learning of mathematical
modelling: a survey on the current state-of-the-art. ZDM, 50(1), 5-18.

Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching. Educational Researcher, 15(2),
4-14.

Shulman, L. S. (1987). Knowledge and teaching: Foundations of the new reform. Harvard Educational Review,
57,1-22.

Spandaw, J., & Zwaneveld, B. (2010). Modelling in mathematics’ teachers’ professional development. Paper
presented at the Proceedings of the sixth Congress of the European Society for Research in Mathematics
Education —-Working group 11, (pp. 2076-2085). INRP.

Stillman, G., Brown, J., Galbraith, P., & Ng, K. E. D. (2016). Research into mathematical applications and
modelling. In K. Makar, S. Dole, J. Visnovska, M. Goos, A. Bennison, & K. Fry (Eds.). Research in
Mathematics Education in Australasia 2012-2015. Springer. https://doi.org/10.1007/978-981-10-1419-
2 14

Tabachnick, B. G., & Fidell L.S. (2007). Using multivariate statistics (5th ed.). Allyn and Bacon.

Tan, L. S. & Ang, K. C. (2012). Pedagogical content knowledge in mathematical modelling instruction. In J.
Dindyal, L. P. Cheng & S. F. Ng (Eds.), Mathematics education: Expanding horizons. Proceedings of the
35th annual conference of the Mathematics Education Research Group of Australasia (MERGA), (pp.
712-719). MERGA.

Tella, A. (2009). Teacher variables as predictors of academic achievement of primary school pupils
mathematics. International Electronic Journal Environmental Education, 1(1), 16-33.

Thiel, O. (2010). Teachers’ attitudes towards mathematics in early childhood education. European Early
Childhood Education Research Journal, 18(1), 105-115.

Thomas, J. D. (2008). 4 response to reform: Teachers’ attitudes and practical of inquiry-oriented instruction

(Doctoral dissertation). Retrieved from http://search.proquest.com/
openview/6703d17{8c875cefffa99468499d90bd/1?pq-origsite=gscholar&cbl=18750
&diss=y

Veloo, A., & Chairhany, S. (2013). Fostering students’ attitudes and achievement in probability using teams-
games-tournaments. Procedia—Social and Behavioral Sciences. 93, 59—64.

Wilkins, J. M. (2002). The impact of teachers' content knowledge and attitudes on instructional beliefs and
practices. Retrieved from https://files.eric.ed.gov/fulltext/ED471775.pdf

Wilkins, J. M. (2008). The relationship among elementary teachers’ content knowledge, attitudes, beliefs, and
practices. Journal of Mathematics Teacher Education, 11(2), 139—-164.

Wolfe, N. B. (2013). Teachers’ understanding of and concerns about mathematical modeling in the common
core standards (Doctoral dissertation). Retrieved from
http://search.proquest.com.proxy.library.ohiou.edu/docview/1432193702?accountid=12954

Youngs, C. S., & Youngs Jr, G. A. (2001). Predictors of mainstream teachers' attitudes toward ESL students.
TESOL Quarterly, 35(1), 97-120.

Zan, R. (2013). Solid findings on students’ attitudes to mathematics. EMS Newsletter, (September), 51-53.

Zan, R., & Di Martino, P. D. (2007). Attitudes towards mathematics: Overcoming positive/negative dichotomy
[Monograph]. Montana Mathematics Enthusiast, 3, 157-168.

291



Asempapa

Zbiek, R., & Conner, A. (2006). Beyond motivation: Exploring mathematical modeling as a context for
deepening students’ understandings of curricular mathematics. Educational Studies in Mathematics, 63,
89-112.

Zawojewski, J. S. (2016). Mathematical modeling as a vehicle for STEM learning. In C. R. Hirsch & A. R.
McDuffie. Annual perspectives in mathematics education: Mathematical modeling and modeling

mathematics, (pp. 117-119). National Council of Teachers of Mathematics.

Author Information

Reuben S. Asempapa, Ph.D.
https://orcid.org/0000-0003-4168-9409

Penn State Harrisburg

777 West Harrisburg Pike
W311 Olmsted Building
United States of America

Contact e-mail: rsa26@psu.edu

292



