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Abstract 
Modeling activities have been considered as useful teaching methods in STEM education. However, 
researchers indicate that teachers struggle to use modeling activities in their mathematics teaching. It 
is critical to include authentic contexts to engage in mathematical modeling in teacher preparation 
programs. This study reports on a pilot study of 15 preservice teachers’ development in working on 
modeling activities, which took place in a middle and secondary mathematics course. This study 
focuses on the preservice teachers’ work on a modeling activity and their reflections on the activity. 

The activity was designed for preservice teachers to engage in a mathematical modeling activity and 
to develop their knowledge in teaching mathematics. A specific type of researched modeling activity, 
called Model-Eliciting Activities (MEAs), was used to support preservice teachers in having successful 
experiences with modeling activities. For this study, we created a modeling activity, entitled the Putting 
Green MEA, in which students are asked to develop a method to find an area of a curvilinear 
region/shape, that is, a putting green in a golf course (combining two curves of quadratic functions). 
Students’ methods should be reusable for various curvilinear regions/shapes and sharable with others 
in similar contexts. Fifteen preservice teachers worked in five groups on the Putting Green MEA. After 
sharing their solutions through a group presentation, the preservice teachers also discussed how they 
could use this modeling activity in mathematics classes. 

The study shows that all five groups developed different models involving various mathematical ideas 
at different levels. The first level involved a definition of the area of a two-dimensional shape: two 
groups used the strategy of making an estimation by counting the possible unit squares to cover the 
shape without overlaps or gaps. The second level involved common area formulas for geometric 
figures: two groups divided the curvilinear figure, minimizing marginal errors, into several smaller 
triangles, squares, rectangles, parallelograms, and parabolas. The third level involved interpretations 
of the Riemann integral: one group used the second fundamental theorem of calculus to obtain the 
area of the putting green by finding two possible quadratic functions fitting the curvilinear figure. The 
preservice teachers’ written reflections and classroom discussions revealed their positive experiences 
in appreciating the benefits of using real-world problems, and their potential ability to apply their 
experiences to their own teaching, involving a range of teaching basic geometry–such as finding the 
area of complex figures–to teaching calculus–such as interpretations of the Riemann integral.  

This study supports the need for positive experiences involving preservice teachers with modeling 
activities as teaching methods for their future classes. Through engaging in research-based 
mathematical modeling activities, preservice teachers can improve not only their own mathematical 
understanding and habits of the mind, but also their knowledge about mathematical modelling as a 
teaching method. 
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1 INTRODUCTION 
It is necessary for students to develop the ability to apply their school learning to real-world problems, 
which they will face in the increasingly complex and dynamic outside world, for success in daily life 
(e.g., [10]). To effectively support students’ development of these abilities, modeling activities have 
been considered as useful teaching methods in STEM (Science, Technology, Engineering and 
Mathematics) education (e.g., [5], [6], [8], [10], [14]). In the United States, for example, the Common 
Core Standards for Mathematics emphasize modeling as a K–12 standard for mathematical practice, 
in particular, at the high school level [3]. However, researchers indicate that teachers struggle to use 
modeling activities in their math teaching [7], [9]. Consequently, students are likely to have fewer 
chances to use mathematics in interpreting and explaining real-world phenomena, thus resulting in 
even fewer opportunities to realize the important value of mathematics in their daily lives. Therefore, it 
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is critical to include authentic contexts for engaging in mathematical modeling in teacher preparation 
programs [1], [2].  

This study reports on a pilot study of preservice teachers’ development in working on a mathematical 
modeling activity. The aim of this study is to describe the preservice teachers’ work on a mathematical 
modeling activity in a teacher preparation program and to get their reflections on the activity. The 
primary research question guiding this study is the following: 

What is the nature of preservice teachers’ work on a mathematical modelling activity? 

2 METHODOLOGY 

2.1 Participants 
The participants of this study included 15 preservice mathematics teachers attending a middle and 
secondary math methods course in a teacher preparation program in the United States during the 
Spring 2017 semester. Only four of these participants took more advanced mathematics courses than 
calculus, such as Linear Algebra and Differential Equations. All of the participants in the study were at 
the third or last year of their teacher preparation program.  

2.2 Model-Eliciting Activities (MEAs) 
In this study, a specific type of modeling activity, called Model-Eliciting Activities (MEAs), was used to 
support the preservice teachers in having successful experiences with modeling activities. MEAs have 
been widely researched, particularly in STEM education fields. They were originally developed as a 
research tool by mathematics educators to explore students’ thinking while collaboratively solving real- 
world problems [11]. Additionally, they have been widely researched as tools for student development 
(e.g., [6], [13]) and professional development (e.g., [2], [9], [12]). The participants engaged in a series 
of MEAs as part of the course resources during the semester. This study only focused on one 
modeling activity called the Putting Green MEA, which was created by the authors. The activity was 
designed for preservice secondary teachers to engage in a mathematical modeling activity and to 
develop their knowledge in teaching mathematics. The activity is briefly presented below. 

2.2.1 Putting Green MEA 

A golf club staff member believes that having the largest putting green in the city would bring new 
golfers to the golf course. She wants to know a method to find an area of the current putting green in 
order to know how much it needs to be expanded. As shown in Fig 1, a representative putting green of 
the golf course is given to develop a generalized model that could be effectively used for similar 
situations. It is a curvilinear figure combining two curves of quadratic functions. She wants to develop 
a method to find the area of the putting green, but it should be reusable for various curvilinear figures 
and sharable with others in similar contexts. 

 

 

Figure 1. Current putting green. 
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2.3 Data Collection and Analysis 
Fifteen preservice teachers worked in five groups on the Putting Green MEA. After sharing their 
solutions through a group presentation, the preservice teachers also discussed how they could use 
this modeling activity in mathematics classes. The lesson took approximately 2 hours in total.  

The data sources of the study were written responses of the participants for the Putting Green MEA 
(participant letters to a golf club staff member, including their solutions and problem-solving process), 
researcher’s notes of the participants’ discourse and actions during the lesson implementation, and 
written responses of the participants to reflection questions (e.g., How did this activity change your 
thinking about math or teaching math?). The data were analyzed to identify and describe the 
preservice teachers’ performance and reflections on the modeling activity. The first and second 
authors individually reviewed and coded the written responses of the preservice teachers. Through 
several meetings, any discrepancies were revised via mutual agreement. 

3 RESULTS 
Research findings show that all five groups developed different methods involving various 
mathematical ideas at different levels. The solution methods of the preservice teachers were 
categorized into three groups. The preservice teachers’ written reflections and classroom discussions 
generally revealed positive experiences in using modeling activities as teaching methods. 

3.1 Preservice Teachers’ Performance in Modeling 
The preservice teachers’ methods in finding the area of a given putting green were classified into three 
categories based on the mathematics content involved at different levels. 

The first level involved a definition of the area of a two-dimensional shape: the first two groups used 
the strategy of making an estimation by counting the possible unit squares to cover the curvilinear 
shape without overlaps or gaps. In Fig 2, a mathematical model developed by one group of the 
preservice teachers is given. 

 

 
 

Figure 2. A mathematical model at the first level. 

The second level included common area formulas for familiar geometric figures: the next two groups 
divided the curvilinear figure into several smaller triangles, squares, rectangles, parallelograms and 
parabolas. They took advantage of the area formulas to minimize the marginal errors of the area of the 
curvilinear figure. Fig 3 shows an example of mathematical models from the preservice teachers in the 
second category. 
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Figure 3. A mathematical model at the second level. 

The third level involved interpretations of the Riemann integral: the last group used the second 
fundamental theorem of calculus to obtain the area of the putting green by finding two possible 
quadratic functions fitting the curvilinear figure (see Fig 4). 

 

 
 

Figure 4. A mathematical model at the third level. 

3.2 Preservice Teachers’ Reflections on Modeling 
The preservice teachers’ written reflections and classroom discussions revealed their positive 
experiences in using modeling activities as teaching strategies or methods and assessment tools.  

First, many preservice teachers appreciated the benefits of using real-world problems through 
incorporating mathematical modeling into their classrooms. Some examples of the preservice 
teachers’ comments are as follows: 

This activity changes the way I want to teach in the future because I also want to incorporate 
real- world samples into my lesson, because the students need to be able to connect 
mathematics to our everyday lives. It is important to foster the importance of mathematics. 

I would use (MEAs) in my classrooms because I want to provide my students with life term skills 
to be able to figure out how to solve problems in real-life situations. 
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Second, the preservice teachers identified the benefits of using modeling activities as teaching 
methods. For example, one participant made the following comment: 

I have always wanted to teach using real-world applications and connections, so this activity 
didn’t change how I think, but it did confirm how effective it can be. It also gave me ideas on 
what I could do. 

Finally, the preservice teachers indicated their positive experiences in using modeling activities as 
assessment tools. A comment from one preservice teacher illustrates this notion well, as follows: 

It definitely changed the way I might teach. This MEA would be perfect to understand how the 
students will think and at what level they’re at. I would like to incorporate MEAs as such to get 
students to think outside the box. 

In addition, the preservice teachers’ classroom discourse on how they can incorporate mathematical 
modeling into their classrooms revealed their potential ability to apply their experiences in the MEA to 
their own teaching in their future classes. The preservice teachers shared how they could interpret and 
evaluate students’ mathematical thinking based on their own solution methods and how to use 
students’ mathematical thinking as the basis for their instruction, involving a connected range of 
teaching basic geometry–such as finding the area of complex figures–to teaching calculus–such as 
interpretations of the Riemann integral. 

4 CONCLUSIONS 
This study investigated 15 preservice teachers’ development and experiences in working on a 
modeling activity, which took place in a middle and secondary math methods course. This study 
supports the need for positive experiences involving preservice teachers with modeling activities as 
teaching methods for their future classes [2], [9]. Through engaging in research-based mathematical 
modeling activities, such as Model-Eliciting Activities (MEAs), preservice teachers can improve not 
only their own mathematical understanding and habits of the mind, but also their knowledge about 
mathematical modeling as a teaching method: how to interpret and evaluate students’ mathematical 
thinking and how to use students’ mathematical thinking as the basis for their instruction [1], [2], [4], 
[9]. This study is a trial to address how MEAs can support meaningful changes in teacher preparation 
programs. 
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