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Abstract
This article describes a geometric mathematical modeling task designed for prospective
secondary mathematics teachers and adaptable for high school students. In the task, stu-
dents are asked to determine, “How many boxes can fit inside a truck?” After determining
what information they need to know and estimating the final answer, groups collaborate
to solve the problem. In my implementations of the task, the most common initial strategy
used seems reasonable at first but does not take into account the constraints of the prob-
lem situation. Students must analyze and revise their model in context. Through multiple
iterations, they work towards a final answer that best models the situation. I describe how
I launch the task, highlight common strategies, and how I select and sequence student
work for whole-class discussion.

Keywords: mathematical modeling, mathematics teacher education, modeling cycle, ge-
ometry

1 Introduction
Mathematical modeling is a central component of secondary school mathematics. In the Common
Core State Standards for Mathematics, modeling is one of the six conceptual categories at the high
school level, and “model with mathematics” is one of the eight Standards for Mathematical Practice
(National Governors Association Center for Best Practices & Council of Chief State School Officers,
2010). Modeling extends beyond solving real world problems. It involves identifying important in-
formation, making assumptions, selecting representations, calculating, interpreting results in context,
validating conclusions, and revising models when needed.

Prospective teachers (PTs) often enter teacher preparation programs with misconceptions about what
mathematical modeling is, assuming it refers to the teacher giving a demonstration or students using
a physical or visual model (Anhalt & Cortez, 2016). Even when PTs engage in mathematical modeling
tasks, their work does not always reflect the full nature of the modeling process. PTs may focus on
finding an answer and stop after they reach an initial solution rather than iterating through the mod-
eling cycle (Zeytun et al., 2017). Well-designed mathematical modeling experiences can support PTs in
reconceptualizing mathematical modeling and becoming comfortable engaging in the cyclical nature
of the process (Anhalt & Cortez, 2016; Cetinkaya et al., 2016).

In this article, I share a task designed for prospective secondary mathematics teachers (and adaptable
for high school students) that reliably creates a need for iteration. On the surface, the task appears
simple. Students are asked, “How many boxes can fit inside a truck?” In my implementations of the
task, groups often move through a predictable set of strategies and answers. Some are mathematically
plausible but physically impossible, creating a need to represent, critique, validate, and revise. Figure
1 gives a brief overview of materials, timing, and suggested lesson flow. In the sections that follow,
I describe how I launch the task, highlight common solution pathways, and foster discussion to help
students compare methods and situate their work in context. I also include instructional moves for
launching the task, samples of common PT strategies, and prompts to facilitate discourse.
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Figure 1: Lesson overview for the box-packing modeling task.

Task: Fitting It All In
Time Needed: 45–60 minutes
Materials Needed: Calculators, graph paper, small cubes for building/visualizing box arrange-
ments, slide with truck and box dimensions (see Figure 3)
Group Size: 2–3 students per group
Learning Goals:

• Use spatial reasoning and area/volume to model a real world situation.
• Check answers against the physical constraints of the situation.
• Practice iterating on a model by testing assumptions, validating conclusions, and revising
approaches.

Lesson Sequence:
• Ask: How many boxes will fit inside a truck?
• Small groups brainstorm what information they need to answer the question.
• Share dimensions of the interior of the truck and of the boxes.
• Students make too low, too high, and just right estimates.
• Small groups collaborate to solve the problem.
• After groups find an initial answer, pose questions that push them to test whether their
solution actually works and to revise their model as needed.

• Select and sequence student work for whole-class discussion.

The task centers on two Standards for Mathematical Content as well as two Standards of Mathematical
Practice (see Figure 2). Within the context of a high school geometry course, it could either be situated
in a modeling unit or at the end of a unit on area and volume.

Figure 2: Common Core State Standards addressed by the modeling task.

HSG.MG.A.2 Apply concepts of density based on area and volume in modeling situations (e.g.,
persons per square mile, BTUs per cubic foot).
HSG.MG.A.3 Apply geometric methods to solve design problems (e.g., designing an object
or structure to satisfy physical constraints or minimize cost; working with typographic grid
systems based on ratios).
MP2. Reason abstractly and quantitatively.
MP4. Model with mathematics.

2 How Many Boxes Can Fit in a Truck?
To launch this task, I begin by asking the class, “How many boxes can fit in a truck?” I give small
groups a few moments to discuss, and they quickly realize there is an information gap (Meyer, 2014).
In other words, they need to know more to be able to answer the question. Students then collaborate
in small groups to brainstorm questions they want answered. Typical questions include: What type of
truck is it? How big is the truck? Are all the boxes the same size? How big are the boxes? Can they be
stacked? What are the boxes made of? Are they full?

This process pushes students to analyze what aspects of the problem are important and helps them
identify the information needed to solve the problem.

Next, I share the diagram in Figure 3 with the dimensions of the interior of the truck and of each
of the boxes. At this point, students make three estimates for how many boxes will fit in the truck.
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They make one guess they are sure is too low, one that is too high, and one they think is just right.
This quick estimation routine narrows the problem space of plausible answers and gives students a
low-stakes entry point into the mathematics of the task.

Next, I ask students to work collaboratively to solve the problem. Students’ initial methods typically
do not take into account all the constraints and opportunities for optimization within the task. After
they arrive at an answer, I challenge them to analyze their model in context.

Figure 3: Dimensions of the truck interior and boxes used in the modeling task.

3 Typical Strategies

3.1 Volume Comparison Method—318 Boxes

Many groups initially solve the task using the volume comparison method. They calculate the volume
of the truck’s interior, then the volume of a single box, and divide the former by the latter (see Fig. 4).

Some students argue that the answer is 318.366 boxes. Others suggest that it is 318 boxes.

Teacher Prompt: Which answer makes more sense for this problem, 318.366 or 318? Why?

At this point, I ask students to justify each response, calling attention to the context of the problem if
needed. Students typically argue that boxes are discrete units and that it is not possible to have 0.366
of a box. They contend that it is important to truncate the answer to the nearest whole number.

Figure 4: Sample student calculation strategies for the box-packing problem.

Volume of Truck = 2.286m ⋅ 2.340m ⋅ 5.919m = 31.66215m3

Volume of Box = 0.46m ⋅ 0.47m ⋅ 0.46m = 0.099452m3

31.66215m3 ÷ 0.099452m3 = 318.366
318 boxes

Note: These strategies illustrate different approaches students might use to solve the box-packing problem.
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Teacher Prompts:

• Can you draw a diagram or use blocks to show how the 318 boxes would be arranged in the truck?
• How many boxes would fit across the width of the truck, across the length, and along the height?

Asking students to show how the boxes would be arranged makes visible an important limitation of
the volume comparison method. While dividing volumes produces a plausible number, it does not
guarantee that whole boxes will fit neatly into the space. Groups usually notice that fitting 318 boxes
into the truck would only be possible if the boxes could be cut into pieces or molded to fill the gaps.

This leads them to a second iteration of the modeling cycle, and they typically develop the second most
common strategy, the Dimension-by-Dimension method.

3.2 Dimension-by-Dimension Method—192 Boxes

In this strategy, students divide each dimension of the interior of the truck by the corresponding di-
mension of the box (see Figure 5). They truncate the results down to the nearest whole number to
produce the number of boxes that could be lined up along that dimension. Lastly, they multiply the
three numbers to arrive at a result of 192 boxes.

Figure 5: Calculations for the Dimension-by-Dimension Method.

Height of Truck
Height of Box

= 2.286m
0.46m

= 4.970 → truncate to 4

Width of Truck
Width of Box

= 2.340m
0.47m

= 4.979 → truncate to 4

Length of Truck
Length of Box

= 5.919m
0.46m

= 12.867 → truncate to 12

4 ⋅ 4 ⋅ 12 = 192 boxes

Students using this method build on their first iteration and treat each box as a rigid unit, recognizing
that partial boxes cannot be included. In framing their work, they are taking into account the arrange-
ment of the boxes in each dimension. This produces a solution that is more realistic and physically
possible.

Teacher Prompt: Can you represent the way the boxes are arranged with a drawing or cubes?

In response to this prompt, students typically draw something similar to Figure 6. Some recognize the
gaps left over and wonder if there is a way to fit any additional boxes in. This leads many groups to try
a third iteration. Some attempt the Angled Box Method, while others try the Optimized Orientation
Method.

Figure 6: Sketch showing the arrangement of the boxes for the Dimension-by-Dimension Method.
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3.3 Angled Box Method—204 Boxes

Students using this method keep the 4 by 4 arrangement of the boxes along the height and width of
the truck, but they separate the rows of 4 in half, speculating that they can fit another, angled box on
top (see Figure 7). Adding 12 additional angled boxes to the original 192 yields 204 boxes.

Figure 7: Sketch of the Angled Box Method.

Teacher Prompts:

• Can you use mathematics to show whether or not the angled box would fit in the empty?
• Are there other ways you could imagine orienting the boxes to fit more in the truck?

3.4 Optimized Orientation Method—240 Boxes

Some students determine that orienting the boxes differently than the way they are depicted in Figure
3 could allow more boxes to fit in the truck. They describe this as mentally “rotating the box on its
side” (see Figure 8). Their calculations follow the same logic as the Dimension-by-Dimension method,
but they reorient the box so that its height aligns with the truck’s width (see Figure 9). This flexible
thinking demonstrates the ability to satisfy the physical constraints while at the same time optimizing
the use of space inside the truck.

Figure 8: Rotating the box.

Figure 9: Calculations for the Optimized Orientation Method.

Height of Truck
Width of Box

= 2.286m
0.47m

= 4.8638 → truncate to 4

Width of Truck
Height of Box

= 2.340m
0.46m

= 5.0870 → truncate to 5

Length of Truck
Length of Box

= 5.919m
0.46m

= 12.8674 → truncate to 12

4 ⋅ 5 ⋅ 12 = 240 boxes
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4 Discussion and Debate
After students complete their work, I select and sequence student presentations to highlight the pro-
gression of strategies outlined above. During the class discussion, students actively debate the merits
and limitations of eachmethod, continuing to test the boundaries of the problem’s physical constraints.
Some argue that the contents of the box will determine if it can be angled or reoriented, while others
contend that slightly bending or compressing the boxes could allow more to fit.

Ultimately, this task pushes students to grapple with real-world limitations while thinking creatively
and strategically. It helps them see that effective problem solving is not just about finding a solution,
but about evaluating which solution makes the most sense in context.

AI Use Statement
During the final preparation of this manuscript, ChatGPT was used in a limited way to assist with edit-
ing language for clarity, flow, and readability. All substantive ideas, interpretations, and conclusions
are my own.
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