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Abstract 

The Common Core State Standards for Mathematics require students to engage in 

mathematical modeling. The word problems commonly used in textbooks offer opportunities to 

engage with some aspects of modeling but often neglect the steps of understanding and 

mathematizing situations and evaluating results. How can we develop problems that motivate 

more aspects of the modeling process? How can we implement those problems in classrooms 

while still meeting the demands of a standards-driven curriculum? 

This chapter discusses how technology might help teachers manage the tension between 

providing more expansive modeling opportunities and heeding limitations on content scope and 

class time. Writing from contexts, rather than skills, can produce authentic problems flexible 

enough to address several aspects of modeling. Dynamic mathematics software can be used to 

connect these problems to students’ lives. Database organization of modeling problems allows 

easy retrieval of problems appropriate for particular students, and situating the problem-solving 

environment on the Internet helps balance limitations on class time. Finally, dynamic 

mathematics software can support modeling instruction in the early grades and give individual 

students the support they need to engage in the full modeling cycle.  
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Expanding Mathematical Modeling Opportunities with Technology 

 New Caledonian crows are noted for their impressive tool use in the wild and problem-

solving skills in the laboratory, which indicate higher intelligence levels than most other birds 

(Cnotka et al. 2008). How smart are New Caledonian crows?  

 To answer this question, one might look for ways to translate observations of the crows 

into numerical intelligence predictors, and then translate the predictors back to reality to interpret 

what they suggest about the crows’ intelligence. Such translations from reality to mathematics 

and back again are at the heart of mathematical modeling, which is an iterative cycle that 

includes steps of understanding a situation, mathematizing it, working mathematically, and 

interpreting and validating results (Blum and Ferri 2009).  

 Over the last few decades, there has been increasing interest in incorporating more 

mathematical modeling into K-12 classrooms (Blum and Ferri 2009). Notable is the inclusion of 

“Model with mathematics” as one of the eight Common Core State Standards for Mathematical 

Practice. This standard calls for students to “apply the mathematics they know to solve problems 

arising in everyday life, society, and the workplace” (National Governors Association Center for 

Best Practices and Council of Chief State School Officers 2010, 7). The word problems 

commonly used in textbooks provide some basic modeling opportunities. To find the total cost of 

two items, for example, students can interpret the situation as an addition problem, do the 

addition, and evaluate the result. However, critics argue that the heavy focus on these relatively 

simple modeling tasks often leads students and teachers to ignore critical aspects of modeling. In 

particular, the stereotyped nature of word problems overemphasizes the step of working 

mathematically, trivializing or eliminating the steps of understanding and mathematizing a 
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situation and interpreting and validating the results (Zbiek and Conner 2006; Greer, Verschaffel, 

and Mukhopadhyay 2007).  

In order to expand mathematical modeling experiences in classrooms, we must find ways 

to develop and implement modeling problems that expose students to more aspects of the 

modeling process. For the purposes of this chapter, we define modeling problem as any task that 

engages students in the creation, use, interpretation, or evaluation of a mathematical model to 

solve a real-world problem. We do not limit the discussion to problems that engage students in 

the full modeling cycle. Rather, we aim to discuss problems that shift or expand the focus 

beyond the over-emphasized step of working mathematically. 

How do we develop modeling problems that motivate more steps in the modeling cycle? 

How do we implement them in standards-driven classrooms, where focus on specific 

mathematics is necessary and time is limited? How do we guide students through the modeling 

cycle, which is iterative and not straightforward? In this increasingly technological age, this 

chapter focuses on how technology may help teachers and curriculum developers answer these 

questions. Throughout the discussion, we will reference a research and development project, 

Number Stories, for illustrative purposes. You can explore the Number Stories website at 

http://numberstories.cemseprojects.org/. 

How Do We Develop Modeling Problems that Motivate More Steps in the Modeling Cycle? 

 Typical textbook word problems provide minimal practice with or motivation for the 

more creative aspects of modeling in part because they represent simplified, inauthentic 

situations that are not connected to students’ lives. We offer two guidelines for developing 

modeling problems that avoid these pitfalls. 
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Write from the context, not from the applied skill.  

The inauthenticity of textbook word problems is due in large part to the fact that they are 

usually written to provide practice with a particular skill (Zbiek and Conner 2006). By writing a 

problem that both focuses on a particular mathematics topic and serves as a modeling task, 

curriculum developers are serving two masters, and demands of the former often overpower the 

latter. 

With this issue in mind, we turned the writing process on its head. Instead of working 

backward from specific mathematical skills, we started with thought-provoking articles, 

interesting real-world objects, and other things that piqued our curiosity. We wrote problems 

naturally motivated by these contexts. Only after the problem was written did we consider what 

mathematics might be needed and for whom the problem might be appropriate. We call our 

problems Number Stories.  

Researching compelling contexts made it easy to write authentic, interesting problems. 

For example, one Number Stories author was interested in New Caledonian crows and wondered 

how their intelligence might be compared to other animals. In the course of reading about these 

ideas, she found that animal intelligence can be modeled using an encephalization quotient, 

which can be calculated using simple ratios (Roth and Dicke 2005).  

Starting from the question “How smart are New Caledonian crows?” rather than “What is 

the encephalization quotient of New Caledonian crows?” opened our eyes to a number of ways 

of presenting the problem to students that emphasize different aspects of the modeling process. 

Asking students to develop their own predictors or measures of intelligence based on various 

observational data, before introducing them to the encephalization quotient, would provide 

experience with the early modeling steps of understanding and mathematizing a situation. 
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Presenting the definition of encephalization quotient, but not the necessary data, would give 

students opportunities to identify and seek out relevant information.  

Figure 1 shows a third way to frame the crow problem. Encephalization quotient is 

defined for students and the necessary data is embedded within the graph, but students must 

decide which pieces of data they need. This provides practice with identification and 

organization of the information needed to apply a model. This version also asks how students 

would rank the intelligence of the crows to other animals, rather than asking for any particular 

quotients. This formulation of the question necessitates the later modeling steps of interpreting 

the crow quotient and deciding what additional quotients need to be found in order to adequately 

answer the question.   

 

Figure 1: This version of the crow problem motivates interpretation of a model. 

The fact that a ratio can mathematically model animal intelligence was not obvious to us; 

we find it unlikely that we would have produced this problem if we were trying to write a ratio 

application rather than an interesting problem about animal intelligence. Letting the context, 

rather than the mathematical skill, drive the writing process allowed us to formulate this 
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interesting, authentic problem that can be adjusted to address different aspects of modeling as 

well as motivate a study of ratios.  

Use dynamic mathematics software to allow self-customization. 

 While increasing authenticity is important, even authentic problems can feel disconnected 

from students’ lives. In their examination of how a focus on community-based problems can 

enhance science learning, Boullion and Gomez (2001) say a “disconnect between the activities of 

school science and children's lived experiences can have both cognitive and affective 

consequences” (888). They found that students who solved a problem connected to the day-to-

day activities of their community learned science, showed increased interest in science, and had 

greater senses of self-efficacy. It seems to follow that connecting modeling problems to students’ 

lives could increase mathematical learning and better motivate students to engage in modeling. 

Dynamic mathematics software makes it possible for students to self-customize 

problems, strengthening the connection of the problems to each student’s life. For example, the 

Number Story in Figure 2, which is about the amount of energy saved when incandescent light 

bulbs are replaced with compact fluorescent bulbs, gives students the option to set the number of 

hours each lamp is on per day. This allows students to adjust the problem to reflect the lamp 

usage in their own homes and use mathematics to determine how much energy they could save 

by making a small change in their real lives. This could have powerful consequences for 

students’ interest levels and engagement with the problem.  

This option to use personal data also exposes students to more aspects of the modeling 

process. Most lamps are not on for exactly the same amount of time each day. Students have to 

think carefully about when the lamps are on and off and decide how to translate that information 

into an average number of hours. This provides practice with the process of simplifying a 
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situation in order to mathematize it and establishes a need to carefully interpret the results in 

light of the limitations of the model. 

 
Figure 2: Students enter their own data to self-customize this problem. 

 While students can solve self-customized problems on paper, dynamic mathematics 

environments can provide custom feedback (Sangwin et al. 2010). In contrast, it is difficult for a 

teacher to provide immediate feedback to all students when each student works with different 

data. A fully functioning version of this problem is available on the Number Stories web site. 

How Do We Implement Such Problems in Standards-Driven Classrooms? 

Finding ways to develop problems that support a more comprehensive view of modeling 

does not address the difficulties of implementing such problems in classrooms. If problems are 
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not developed with particular mathematics in mind, how will teachers find the problems they 

need to address specific standards? How will teachers implement more complex modeling 

problems in the limited instructional time available? We offer two guidelines for addressing 

these concerns.   

Organize problems in a database for easy, on-demand retrieval. 

 The skill-driven approach to problem development is in place for a reason: teachers and 

students need problems that address the mathematics they need to teach and learn. Even when 

teachers find authentic problems that can be modeled by mathematics covered in their classes, it 

is often not feasible to implement them immediately, given the constraints of standards such as 

the Common Core State Standards for Mathematics (CCSS-M) setting the scope and mandated 

curricula setting the sequence. Many teachers build up collections of problems over time, but the 

process is slow and the collections may be difficult to share.  

As individual teachers, organizations, and curriculum developers create and collect 

effective modeling problems over time, we suggest organizing them in a database searchable by 

mathematical concept, real-world topic, intended audience, and other criteria. This simple but 

powerful idea means that the problems can be developed without the constraints of meeting 

particular goals and standards, but implemented in classrooms where those constraints are in 

place. 

Database organization also allows a virtually unlimited number of problems to be written, 

stored, and easily retrieved without concerns about space or redundancy. Consider, for example, 

the multiple versions of the crow problem discussed in the previous section. Each highlights a 

different aspect of modeling, and different versions might be appropriate for different groups of 
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students, perhaps even within the same classroom. It is not feasible to include all of these 

versions in a print textbook, but it is easy to both store and find all versions in a database.  

Moreover, a database also allows multiple problems, modeled by the same mathematics 

but in different contexts, to be stored and easily retrieved. Given that the early steps of the 

mathematical modeling cycle involve building a mental model and later a mathematical model of 

the situation, a certain amount of background knowledge is required to solve a problem 

(Verschaffel, De Corte, and Lasure 1994). Some students may find the animal intelligence 

context uninteresting or completely opaque if they have no related experiences. However, a 

search for “ratio” in the Number Stories database produces the crow problem as well as problems 

about rock climbing, climate change, weight lifting, and economics. Ergo, database organization 

will allow more teachers and students to find authentic modeling tasks specifically appropriate 

for them.  

Situate the problem-solving environment on the Internet to extend discussions beyond 

classroom walls. 

 The use of modeling problems that expand the focus to the more creative aspects of 

modeling can significantly increase the class time spent on a particular problem (Greer, 

Verschaffel, and Mukhopadhyay 2007). This is a concern when class time is limited—a situation 

familiar to most teachers. In particular, rich discussions around modeling tasks may last longer 

than a class period, and cutting them off can be unsatisfying and contradictory to the idea that 

modeling is an iterative process of creating, evaluating, and revising. 

Situating the Number Stories environment on the Internet sparked ideas for ways to 

overcome time constraints. First, the Number Stories platform allows students to write reviews of 

problems and submit their own solutions. This turns the platform into a potential online 
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classroom where students can share additional information, discuss other students’ solutions, and 

get ideas for how to best evaluate and improve their models. All of this can happen outside of 

formal class time, anywhere a student has access to the Internet and the appropriate device. 

Teachers can monitor these discussions and reintroduce aspects of the conversation during class 

time as appropriate. 

In addition to the discussion features, the Number Stories themselves are also accessible 

online. This gives teachers the option of reversing the process discussed above. Students can 

begin solving the problems on their own, and discussions can begin online. Teachers can plan 

classes based on the most interesting or fruitful aspects of discussion, such as which student-

sought pieces of information are pertinent or creditable, what mathematics is useful, and so on. 

How Do We Guide Students Through the Modeling Cycle? 

Thus far, we have discussed problems that emphasize modeling steps other than working 

mathematically, but do not address the full modeling cycle. We now discuss how technology 

might support students through the full cycle. We offer two guidelines for how dynamic 

mathematics software might make the modeling cycle more accessible to younger students and 

provide appropriate support for older students. 

Use dynamic mathematics software to provide model-building tools closely connected to 

contexts. 

Most discussions of modeling take place at the secondary level or higher; little attention 

is given to modeling in primary school (Greer, Vershaffel, and Mukhopadhyay 2007). How 

might technology support modeling in younger grades? Research suggests that young children 

are more successful with modeling tasks when they have tools that allow them to build models 

closely connected to contexts. For example, Glenberg et al. (2007) found that young children 
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were more successful solving a problem involving feeding fish to hippos when they used plastic 

fish to build a model, rather than generic blocks. Interaction also seems to be important. Sinclair 

and Heyd-Mezuyanim (2014) found that an environment that allows modeling to be emulated 

through actions and interactions on touchscreens supported children’s learning of number sense.  

These two findings present a quandary. Physical manipulatives allow for interaction, but 

finding manipulatives in the shape of any particular object may be difficult. Pictures of nearly 

anything are readily available, but static pictures on paper or a screen have limited utility as 

model-building tools because they cannot easily be resized or moved to different positions on the 

paper.  

With dynamic mathematics software, draggable elements on the screen can easily be 

made to look like any real-world object, creating model-building tools that are both interactive 

and context-specific. For example, Figure 3 shows a Number Story that allows students to build a 

model by dragging photos of fish, rather than using hard-to-come-by manipulatives or drawing 

pictures.  

The top image shows the starting state of the activity. The bottom two images show the 

automatic feedback students receive about the model itself as well as their interpretation of the 

model, allowing them to revise their work and start experiencing the iterative nature of model 

building. More aquarium problems that use similar modeling tools are available on the Number 

Stories web site. 
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Figure 3: This problem provides context-specific model-building tools. 

Use dynamic mathematics software to provide learner-directed feedback. 

Even older learners new to solving open-ended problems cannot realistically be expected 

to work at a high level of self-monitoring and self-regulation; such learners need support to 

develop the necessary problem-solving skills (Savery 2006). The provision of feedback on which 

a student can act immediately can help maintain engagement and perseverance when solving 

complex problems (Hughes, Green, and Greene 2014). Determining the most helpful type of 

feedback for each student is difficult; some students may have immediate ideas about how to 

model the problem and simply want feedback on their final answers, while others might not be 

ready to create their own models and need more direction.  
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While creating Number Stories, we have found that dynamic mathematics software can 

provide variable amounts of structure and feedback to modeling tasks, allowing students to 

choose the amount and type of support they need. The light bulb problem from Figure 2 contains 

one example of this. To help students visualize the proportional relationships involved in this 

problem, we created the dynamic graph shown on the bottom of Figure 4. Students can drag the 

sliders to change the number of bulbs and the number of hours each bulb is on per day to see 

how the energy consumption changes (Amann, Wilson, and Ackerly 2012, 4). However, this 

digital manipulative illustrates only one of many ways this problem might be modeled, so we do 

not show the graph to all students. Rather, after reading the problem, students are given the 

choice to attempt the problem and check their answers or to see the graph, as shown on the top of 

Figure 4.  

  

Figure 4: This problem has learner-directed feedback. 
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Conclusion 

 While we described our attempts to expand mathematical modeling experiences in the 

context of Number Stories, we believe the ideas discussed in this chapter are applicable in a 

variety of school and development situations. We encourage curriculum developers to explore 

how context-driven development can produce problems that emphasize aspects of modeling that 

are inadvertently trivialized by the standards-driven development. We encourage both teachers 

and curriculum developers to use databases to create searchable collections of problems and to 

explore the affordances of dynamic mathematics software to support students through more 

authentic modeling experiences. And lastly, we encourage students and teachers alike to use the 

incredible power of the Internet to extend modeling experiences beyond the walls of the 

classroom.  
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