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Gerrymandering:  
When Equivalent Is

Not 
Equal!

Students explore the idea of 
equal versus equivalent, then 
learn about the social, political, 
economic, and educational 
implications of gerrymandering.

Farshid Safi, Sarah B. Bush, 
and Siddhi Desai
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aaA signifi cant aspect of 
exploring mathematical con-
cepts involves understand-
ing an issue in context and 
applying it to the real world. 
In this article, we engage 
middle-grades students in a 
series of tasks to develop the 
mathematical idea of equal 
versus equivalent, culminat-
ing in a gerrymandering 
task with social, political, 
economic, and educational 
implications. Arnold (2017) 
describes gerrymander-
ing occurring “when voting 
districts are drawn to favor or 
disfavor certain candidates or 
political parties” (p. 200). 

Our tasks, based on the 
idea of equal versus equiva-
lent, follow a meaningful 
progression through the 
Common Core’s standards 
(CCSSI 2010). The pri-
mary mathematical goals 
of this exploration were to 
involve students in solving 
real-world problems involv-
ing area and surface area of 
objects that are composed of 
triangles, quadrilaterals, and 
polygons. Students were to 
fi nd the area of these shapes 
by composing or decompos-
ing more complex shapes. 
Several of the mathematical 
practices are also addressed, 
such as model with math-
ematics, construct viable 
arguments, and critique the 
reasoning of others. Our 
exploration consists of the 
following series of tasks: 

• The Music Concert Task 
• The Dragon Task

• The Island Inheritance 
Task

• The Gerrymandering 
Task: Constructing 
Districts

The Music Concert Task 
sets the stage for the idea of 
equivalent but not equal. The 
Dragon Task then explores 
equivalent areas, which will 
later connect to the context 
of redrawing voting districts. 
The Island Inheritance Task 
explores the realities of dif-
fering values and regions 
for seemingly equal areas. 
The series culminates in the 
Gerrymandering Task, which 
allows for the drawing of 
regions to be manipulated 
to achieve specifi c predeter-
mined goals. Along the way, 
the consequences of such 
actions will also be addressed. 
Teachers may incorporate the 
fi rst three tasks as they deem 
appropriate for their students 
and in a sequence consistent 
with recent student experi-
ences before working on the 
Gerrymandering Task. We 
conclude by asking students 
to refl ect on the mathemat-
ics behind gerrymandering. 
This exploration was taught 
to sixth graders as part of 
one author’s student teaching 
experience.

THE TASK SERIES 
The Music Concert Task 
Sixth-grade students were 
strategically placed in groups 
of two to three and asked to 
consider the seating diagrams 
in fi gure 1. As students 
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engaged in small-group discourse, we 
moved around the classroom, listening 
to the discussion within small groups 
and engaging students in conversation. 

Teacher: Consider the two diagrams 
illustrated in the picture. There are 
5 open seats shown. Which 5 seats 
would you rather have for you and 
4 friends? Why?

Hannah: B would be better because 
it’s close to the center and that’s 
better to see . . . and also you can 
sit next to your friends!

Teacher: OK, interesting! How many 
of you think similarly to Hannah? 
[Checking for agreement/disagree-
ment] 

 Teacher: I heard this group talking 
about how there are 5 seats here in 
A and also 5 seats in B, so does it 
really matter? What do you think 
about that comment, Kris?

Kris: Well . . ., they are in different 
spots, so it kind of does matter! In 
theaters or concerts, the seats are 
sometimes curved, so when you 
are sitting on the side, it would be 
easier to get out and you would 
see much better. I might choose 
A because if you are sitting pretty 
close to the stage and in the center, 
you are just looking at the bottom 
of the stage. If you are on the sides 
you don’t have to do that as much.

Teacher: Allie, you and Kris were 
talking about this. What else did 
you notice?

Allie: There are 5 seats in both cases, 
but it matters where they are. In B, 
you have two people sitting all by 
themselves, but in A, you only have 
one person sitting alone. Kris and I 
thought both cases have 5 seats but 
they are not exactly the same!

After listening to students, we directed 
the classroom discussion to an alternate 
perspective by intentionally, rather than 
randomly, asking students to share 
their thinking (as in Roy et al. 2017). 
Eventually, the class came to consensus 
that although the diagrams possessed 

similarities, there were also differences 
because of the context. The Music 
Concert Task instilled in students the 
idea that although something could be 
equivalent, as in the same number of 
seats in a row, they are not always equal. 

The Dragon Task
In the Dragon Task, students worked 
with a dragon-like grid (see fi g. 2). 
One goal of this task entailed reason-
ing with areas of similar shapes even 
though they may be located in differ-
ent places in the region. 

Students fi rst thought about 
the task individually, then in small 
groups, culminating in a whole-class 
discussion. We circulated around the 
classroom, observing specifi c strate-
gies, which would be benefi cial to 
whole-class discussion. We found that 
students used a variety of strategies, 
such as counting whole square units 
and 1/2 square units. In particular, 
using the points on the grid provided, 
students reasoned that a diagonal line 
across 1 square unit (joining opposite 
vertices) will create two triangular 
areas with measure 1/2 square unit. 
Students shared their reasoning 
strategies by comparing areas of pieces 
that did not appear to be the same but 
seemed to have equivalent areas: 

Teacher: McKenzie, can you share 
with us what your group was 
discussing about the area of the 
bottom-right-hand corner of the 
dragon-like shape?

McKenzie: We were thinking that 
this portion [see the diagram be-
low] looks different than the other 
regions. We thought about taking 
away parts of it that we didn’t want 
counted in the shaded area.

Teacher: Tell us more, please.
McKenzie: We said that the total area 

Seating for a Music Concert
Which 5 seats would you rather have? (The green seats are open seats.)

Fig. 1 The Music Concert Task was the warm-up activity.

 (A) (B)

Finding the Area of a Region

Fig. 2 The Dragon Task provided a 
visual exploration of area.

What strategies did you use? Why?
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would be 2 square units, but we 
don’t want to count the large right 
triangle at the bottom left.

Teacher: And how much area does 
that large right triangle have? 

McKenzie: One because it’s half the 
area of the 2 square units.

Teacher: OK, any other portions that 
you decided to exclude? 

McKenzie: Well, there is another 1/2 
of a square unit on the right side, 
too. So overall, we have 2 square 
units, and we should take out  
1 1/2 square units. The area of the 
shaded triangular region is  
1/2 square unit [2 – 1 1/2 = 1/2]. 

Teacher: So is this 1/2 square unit 
of area the same or different than 
other areas of 1/2?

McKenzie: Same area, different shape!

Through the Dragon Task, stu-
dents reasoned using areas of differ-
ent pieces of the dragon-like region 
by applying their understanding of 
the area of rectangles, squares, and 
triangles. Other students used the 
measure of the heights and bases 
of these pieces to verify the precise 
area of specific pieces of the overall 
region. Other students used visual and 
spatial reasoning to discuss how pieces 
located in different parts of the overall 
region had the same area. 

The Island Inheritance Task 
The third task merged the role that 
context plays (from the Music Con-
cert Task) with area (from the Dragon 
Task). In the Island Inheritance Task 
(see fig. 3), a coordinate grid overlays 
an island, dividing it into 27 parts to be 
inherited by exactly 9 people. Students 
were asked to consider how to divide 
the region fairly. For this exercise, we 
used a small island off the coast of 
Auckland, New Zealand, called  
Motuihe Island; a Google Earth™ im-
age of the island is shown in figure 4.

Students agreed that each person 
should receive 3 of the 27 partitioned 

regions. The discussion involved a 
high level of mathematical reason-
ing, which explored the realities of 
the context and the physical location 
of each partitioned region. Students’ 
ideas and perspectives included the 
following comments:

• Connected or adjacent regions 
would help to organize access to 
and within the island. 

• Access to the beach would be im-
portant for a beautiful view and for 
transportation purposes.

• Having locations with land/wood-
ed areas to accommodate housing 
was considered beneficial. 

• Certain locations were considered 
strategic for access to the beach 
and different parts of the island 
and for controlling passage from 
one side of the island to the other. 

The contextual aspects of the Island 
Inheritance Task enabled students to 
consider the realities of the situation 
rather than simply the mathematics of 
surface area. Students noted that al-
though each person would inherit 3 of 
the 27 partitioned regions, it did matter 
which 3 regions and where they were 
located. Students concluded that those 
3 regions would not be equal in context, 
experience, fairness, or usefulness. Con-
sistent with the understanding that we 
aimed for in this exploration, students 

were engaged in reasoning math-
ematically and contextually in exploring 
equal versus equivalent areas through 
the Island Inheritance Task. 

THE GERRYMANDERING TASK
We were now ready to apply students’ 
reasoning with areas, contextual 
implications, and initial conceptions 
about equivalent versus equal in the 
Gerrymandering Task. (The last two 
pages of this article are the activity 
sheets given to students.) Students are 
presented with a fictitious state that 
has 6 equal-sized districts composed 
of 42 total people. The 42 people 
were identified as members of either 
the Circles or the Triangles. In this 
fictitious state, the district winner is 
determined according to the group 

Island Inheritance
You and 8 family members have inherited this island and the surrounding 
waters.

How do you determine fair ways to split up the region?

Fig. 3 The Island Inheritance Task began to incorporate the concept of economics.

Fig. 4 A Google Earth image of  
Motuihe Island can be used in the 
classroom exercises.
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(Circles or Triangles) that has the 
majority in that district. The 
winner of the entire state is determined 
by the group (Circles or Triangles) that 
won the majority of districts. In ques-
tion 1, students were asked to draw 
6 equal-sized districts and determine 

the outcomes according to how they 
confi gured each district. 

Students quickly determined that to 
have 6 equal-sized districts, there would 
need to be 7 people in each. Figure 5
showcases how students confi gured the 
districts. Students were surprised when 
they determined that, based on the 
manner in which they confi gured the 
districts, it was actually possible to have 
either the Circles or the Triangles win 
the overall state election. 

Next, in question 2, students were 
asked to determine if it is possible to 
create the same result (winner) but 
by using a different confi guration. In 
this question, the location of Circles 
and that of Triangles were changed 
to challenge students to consider the 
implications of reconfi guring the dis-
tricts. Several students indicated that 
because there were more Triangles 
(24) compared with Circles (18), the 
Triangles group would often win 
the overall election. On some occa-
sions, however, students found that by 
drawing the districts in a specifi c way, 

although there were more Triangles 
than Circles overall, the number of 
districts won by Circles and Triangles 
could be changed (see fi g. 6). 

Last, in question 3, students were 
asked to determine if it is possible to 
create a different result for the overall 
election, reconfi guring the districts 
to produce a different outcome in the 
state election (see fi g. 7). We re-
minded students to continue thinking 
about mathematical strategies used.

Students were surprised that by 
intentionally making decisions as to 
how to reconfi gure the districts, a 
different result could be achieved. Our 
whole-class discussion included this 
powerful, meaningful vignette: 

Teacher: Were you able to produce a 
different result by reconfi guring 
the districts?

Will: Even though there are still more 
Triangles than Circles, it can be 
done! The Circles can still win the 
overall state election.

Teacher: How was that done 

Fig. 5 Students drew districts as 
discussed in question 1.

Fig. 6 Students reconfi gured districts to produce the same results (and the same winner) in question 2.

Fig. 7 Students reconfi gured districts producing different results and a different winner in question 3.
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mathematically? Will, what did 
your group do?

Will: You can see how many Circles 
there are. You need at least 4 
Circles to win one district, so you 
divide that by 4, and if you have at 
least 4, then the Circles can win. 

Hendrick: As long as you draw it up 
and split up in a way that there are 
4 Circles, that will tip the district 
to the Circles over the Triangles. 

Teacher: What would happen to some 
of the districts that have lots of 
Triangles?

Hendrick: It seems like you could 
draw it so some districts are 
practically all Triangles and then 
spread out a few Triangles here and 
there for the Circles to barely win 
enough districts to win overall.

Teacher: So what do you conclude?
Will: If you know what you want 

done, you can find a strategy to 
make it happen!

Groups shared interesting math-
ematical strategies such as “We had to 
get 4 Circles with 3 Triangles in order 
to win with Circles. Then we used 7 
Triangles to make 2 boxes to get the 
Triangles out of the way.” By engaging 
students in the four tasks, we were able 
to scaffold their learning so that they 
gained meaningful insights into ways 
in which mathematics can be manipu-
lated and used intentionally to achieve a 
desired goal with real-life implications. 

A REFLECTION ON 
GERRYMANDERING AND THE 
MATHEMATICS
Having students explore ways in 
which districts can be configured 
to achieve specific goals and under-
standing the role mathematics plays 
in making this possible sheds light 
on purposeful ways that have been 
used to circumvent and disempower 
a portion of the electorate. We posed 
the following reflection questions as a 
follow-up discussion:

• Given the breakdown of the voting 
population, which group should be 
the winner of the state election? 
Why?

• Do mathematical approaches nec-
essarily and inherently advocate for 
fair results? 

• What are the potential mathemati-
cal and societal impacts of recon-
figuring districts so that a particu-
lar group is more likely to win the 
state election? 

• Why is it important to understand 
the mathematics in grouping, 
regrouping, and decomposing and 
recomposing geographical regions?

• When we think about the Gerry-
mandering Task, how can under-
standing the context empower or 
potentially lead to a disenfranchise-
ment of groups throughout society?

CONCLUDING THOUGHTS
Our society needs informed citizenry 
prepared to make mathematical sense 
of ideas in local contexts and beyond. 
By understanding the mathematics be-
hind gerrymandering, students can be 
empowered to understand the political 
and social ramifications of intention-
ally reconfiguring districts to achieve a 
desired result. Intentional actions—as 
evidenced in the gerrymandering 
of districts—have social, political, 
economic, and educational implica-
tions that have impacted generations of 
individuals and often further marginal-
ized communities. 

Understanding the mathemati-
cal impact of a situation can play a 
significant role in enabling individu-
als to examine the merits of certain 
decisions critically while offering a 
pathway to help citizens remain in-
formed and engaged in processes that 
have implications in their lives. We do 
not just work with students to develop 
their mathematical knowledge, we 
work to grow their knowledge of 
how mathematics is used to impact 
the world around us. In so doing, we 

are empowering students as change 
agents, informed contributors, and 
advocates for a more just society. 
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Name ___________________________________________

GERRYMANDERING TASK ACTIVITY SHEETS

1. Create 6 equal districts by having _____ shapes in each district.

Districts won by Circles _____

Districts won by Triangles _____

Overall winner of the state _____

2. Is it possible to create the same result (winner) as part 1 with 6 equal districts in a different way?  
Use the figure to illustrate how the district could be reconfigured.

Districts won by Circles _____

Districts won by Triangles _____

Overall winner of the state _____

What strategies did you use? What do you notice/wonder?
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3. Is it possible to create a different result (winner) with 6 equal districts?

Districts won by Circles _____

Districts won by Triangles _____

Overall winner of the state _____

Districts won by Circles _____

Districts won by Triangles _____

Overall winner of the state _____

What strategies did you use? What do you notice/wonder?

Thoughts and reflections
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