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Part 1: What Is a 3-ACT MATH Task?

OVERVIEW AND STRUCTURE

3-ACT MATH Tasks are built upon this foundational idea: Students are more engaged in mathematics
when they are authentically invested in the task. As will be detailed in this paper, this investment is
far beyond that which students generally experience with a traditional “real-world"” task.

The basic structure of a 3-ACT MATH Task is based on storytelling. Books and movies often tell
their story in three parts: conflict is introduced, characters look for clues and resources, conflict is
resolved. Mathematics educators (Meyer, 2011) have noticed that this framework for storytelling
maps nicely onto high quality math tasks. These tasks begin with “conflict”: an intriguing image

or video that is intended to pique the student’s interest. From there students are encouraged to
pursue questions that they have based on the video, consider what information they need to find
the answers to those questions, and finally (“conflict resolved”) use mathematics to answer the
question.

WHAT HAPPENS IN ACT 1?

In ACT 1 of these tasks, the teacher presents a striking visual
(image or video vignette) that is intriguing and engaging—
intended to draw students into the problem. Important to ACT
1 is simplicity—but simplicity that requires students to want
to know and to do more. Dan Meyer (2011) says, “Your first act
should impose as few demands on the students as possible—
either of language or of math. It should ask for little and

offer a lot.”

Most of the 3-ACT MATH Tasks in enVision have video vignettes
for ACT 1. As an example, consider the following screen shots
from a Kindergarten 3-ACT MATH Task.

As students watch the boy’s fingers clutching at grapes in the Figure 1. A boy first grabs a handful of grapes.
bowl, they will likely wonder, “How many grapes did he grab?”

Next a girl enters the scene, and she also grabs a handful

of grapes.




Figure 2. A girl then grabs a larger handful of grapes.

After students watch the video (or view an image) in ACT
1, they are asked two simple, yet crucial questions: What
do you notice? What do you wonder? The class brainstorms
a multitude of wonderings that the class community
has. Students are encouraged to discuss all the noticings
and wonderings from their classmates, and through
discussion as a group (including the teacher), the class
settles on a main question to pursue. In this example, the
main questions would be, “How many grapes did they
each grab?” and “Who grabbed more grapes?”

In another critical component of ACT 1, students
estimate, or predict, the answer to the main question.
This estimate is much more than just a guess. They
watch the video again closely and discuss what would
be a reasonable answer to the main question. In this
example, students use what they know about the size of
their own hands and watch to determine a reasonable
estimate for how many grapes the boy and the girl

each grab.

WHAT HAPPENS IN ACT 2?

In ACT 2, students begin to consider what information
they would need to be able to answer the main question.
The teacher's role is to provide that information. The key
here is that students are now looking for the information
they need to solve the problem—one of the pillars of a
powerful problem-solving task.

In this example, the teacher presents these two follow-up
images to offer the information students need.

Figure 3.

Figures 4.

The boy and girl showing the grapes they grabbed in
consecutive images.

From these two images, students are able to count the
number of grapes that each child grabbed and then
choose ways that make sense to them to determine
who had more grapes. If needed, another image can be
provided to guide this conversation.

Figure 5. The girl and boy comparing their grapes in
one image.




WHAT HAPPENS IN ACT 3?

In ACT 3, students get the payoff for their hard work:
The answer to the main question is revealed. The word
“revealed” is important here. Remember, students
have a vested interest in this problem. They deserve
a resolution that is powerful and much bigger than
“The girl has more grapes.” In this task, the video
reveals each handful, and then counts the number of
grapes in each hand, highlighting one at a time.

Figure 6

Figure 7. The handfuls of grapes, highlighted with the
final count.

The payoff will be noticeable. Once you do a 3-ACT
MATH Task with your students, you'll find that in ACT 3,
there is almost always a cheer. Students are invariably
excited to see an authentic reveal of the solution to a
problem that they chose to solve, and solved in a way
that made sense to them.

Oftentimes, after ACT 3, “sequels are provided for
students to explore. These sequels push further
questions and ideas that are related to the
mathematics involved in the task.”

Important Note: In this particular task, students are
provided in ACT 2 with the exact information thatis
necessary to determine the solution to the main
question. Some of these tasks have more ambiguity;

at times, the information given isn't exactly clear, and
estimations or approximations are necessary. There
are also times when the solution in ACT 3 brings a
surprise or twist. This is intentional, and helps students
understand the interaction between mathematics,
modeling, and the real world.

Part 2: Why 3-ACT MATH Tasks?

3-ACT MATH Tasks engage, involve, and challenge
students at all levels. A well-constructed 3-ACT MATH
Task allows each and every student in your classroom, on
some level, to access the mathematical ideas inherent in
the work. It also provides paths for students to pursue
the question(s) at higher levels. For example, in the task
above, most Kindergarten students can see that the

girl in this video has “more” grapes. They may even be
able to do so without counting. However, students could
pursue a variety of follow-up questions, including but
not limited to these:

* How many more grapes does she have than he does?

* How many grapes does she need to eat so that they
have the same amount?

* What do you notice about the green grapes?
The purple grapes?

« If the boy got one more green grape, would he have
more than the girl?

A second, yet equally important, component of these
tasks is that students have the chance to ask authentic
questions. When teachers ask, “What do you notice? What
do you wonder?," they are genuinely interested in hearing
how students respond, because there are no expected
answers; no one knows what the students might in fact
be wondering about. As teachers show that they are
invested in the students’ expressed ideas, the students
themselves become authentic learners; both sides are
authentically engaged in the conversation about the
situation.

The estimation skills that students acquire through
3-ACT MATH Tasks are remarkable. As students have
continued conversations around estimates that are too
high and estimates that are too low, they become better
estimators as they use and think carefully about the
information that they are given in ACT 1. They learn to
do less guessing and to think about the situation and
various factors that may influence the solutions.




When students engage with 3-ACT MATH Tasks, they
are building agency and engaging in tasks where they
have choice and input on what ideas are pursued. The
impact of choice and self-determination on learning is
well documented in the research and literature. In fact,
providing students with choice and/or more autonomy
has been shown to:

* Increase attendance and increase scores on
a national test of basic skills than those in
conventional classrooms. (de Charms, 1972)

* Help students develop more sophisticated
reasoning skills without falling behind on basic
conceptual tasks. (Cobb, et al. 1991; Yackel,
Cobb, and Wood, 1991)

Part 3: 3-ACT MATH Tasks and
the Mathematical Practices and
the Progression to Mathematical
Modeling

These 3-ACT MATH Tasks can support teachers and
students in developing the mathematical practices as
presented by the Common Core State Standards. One of
the most significant mathematical practices supported
by 3-ACT MATH is the Standards for Mathematical Practice
MP4: Model with mathematics. The video vignettes provide
students a way to visualize the problem situation and
relate the problems to real-life scenarios. Through
engagement with each 3-ACT MATH Task, students see
that mathematics is used “to solve problems arising in
everyday life, society, and the workplace” (CCSSM, 2010).
In elementary grades, this may start with students
writing an equation to describe a situation, then move
towards the modeling process—making assumptions,
building a solution, then revising their thinking, by
reflecting on the real-world situation and improving on
their mathematical solution or model. This leads in a
seamless progression to more formalized mathematical
modeling tasks in the upper grades.

As students pose the problem in ACT |, they are working
to make sense of problems and persevere in solving them
(MP1). As they talk about the task, students make

sense of the problem by asking questions, promoting
inquiry-based thinking. In ACT 1 of a fifth grade 3-ACT
MATH Task featured below, students watch a video
vignette of a train moving by with multiple cars. After

prompting students to generate their noticings and
wonderings, the teacher could pose one of their
questions to engage the class, such as “How many seats
are on this train?” Looking at the photo, students will
have to make some assumptions. They may have to
consider how many seats are in each row and the
arrangement of seats on the train.

Figure 6. In ACT 1, viewing an image generates
noticings and wonderings.

In ACT 2, teachers can focus on having students

reason abstractly and quantitatively (MP2) as they make
assumptions and consider what information they would
need to answer that main question. Students make
educated estimates that allow teachers to assess their
number sense and quantitative reasoning skills.

11 passenger cars

Source: enVision® Mathematics ©2020, Grade 5 (Charles et al., 2020)

Figure 7. In ACT 2, students are provided data and/or
more information to mathematize the problem.




Based on the assumptions, students will determine
pathways to solve the problem. For example, they

may write a number sentence or build mathematical
equations. The teacher may prompt students to attend
to precision (MP6) as they give carefully formulated
explanations to each other. A student thinking aloud
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Figure 8. An example of a solution derived through a
multi-step problem.

might sound like this: “I am going to assume that there
are 2 seats on both sides of a row and that there are 7
rows in each passenger car. That would mean 7 rows x 4
sets = 28 seats in each car and 28 seats x 11 cars = 308
total seats.”

In this example, students would also look for and make
use of structure (MP7) in their computational work. For
example, some students might use multiplication to
solve the problem, while others might use repeated
addition. As students discuss and critique the reasoning
of others (MP3), they may notice that there are patterns
in their thinking. They may notice that some of them are
approaching it as a multi-step problem, as shown above
in Figure 8.

While comparing methods and considering the many
different configurations, students will notice that the
variables important to this problem are considering how
many seats in each row, how many rows in each car,

and how many cars in total. Students may use algebraic
structures, methods, and patterns as they look for and
express regularity in repeated reasoning (MP8).

The sample work below shows how some students
may use pictures as a tool to represent and guide their
thinking. Others might use counting cubes to build the
rows of seats in the car. This use of tools supports using
appropriate tools strategically (MP5) to represent their
thinking. In addition, students may use symbols to
represent the variables: a triangle to represent the
number of seats, a cloud to represent the number

of rows, and a box to represent the number of cars.
Researchers have emphasized that in algebra
problem-solving situations, it is not merely getting the
answer that counts; just as important is emphasizing

how these situations are about relationships among
solving methods, and finding ways to represent these
relationships and methods with equations that are as
generalizable as possible (Kieren, 2007; Boaler and
Humphreys, 2005).

Figure 9. Visual representation of one of the passenger
cars, and using algebraic thinking.

In other words, the algebraic equation would allow for
students to create a generalizable model. Another way
to represent a generalizable model for calculating total
number of seatsis: t =s x r x ¢, where s represents the
number of seats; r represents the number of rows, and
¢ represents the number of passenger cars. Although
some students may be at a more concrete stage with
numeric equations, others might verbalize, “I will take
the number of seats and multiply it by the number of
rows to find out how many in each car. Then | can take
that number and multiply it by the number of cars.”

The most exciting part is providing students with the
opportunity to engage in a healthy mathematical
argumentation. Based on different assumptions,
students may have different answers. However, an
important aspect of these tasks is that students are
given the opportunity to construct viable arguments and
critique the reasoning of others (MP3). In so doing, they
learn to value different perspectives and appreciate the
variety of ways people find to solve problems.




When more information is revealed in the final ACT,

in a form of a photo or a video vignette, students are
given an opportunity to compare their assumptions and
the reasonableness of their solutions. In a culminating
image of this 3-ACT MATH Task, students get to see
inside of the passenger car. This is where they may
revise their thinking as they realize, “Wow, there is a
dining section! And the car is bigger than | thought.
There are 14 rows!” They may come to realize that they
have an equation that will work for any configuration
(e.g.,t=sxrxc. Inthiscase, t=4x14x11,0rt=616
total seats at full capacity).

Train Car
Seating Chart

Source: enVision® Mathematics ©2020, Grade 5 (Charles et al., 2020)

Figure 10. The final reveal allows students to compare
their assumptions and the reasonableness of their
solutions.

Conclusion

An overarching goal of including 3-ACT MATH Tasks in
classrooms is to engage students in being both problem
posers and problem solvers as they determine solutions
to authentic questions. They are put in the driver’s seat
as they both pose the questions and determine the
solutions to those problems. This sets our students

up for success as they become people who can take
problems from the real world and mathematize those
situations, making wise decisions using the most
important tool, mathematics! Early introduction to this
idea of modeling allows for a natural progression to the
middle and high school standards for mathematical
modeling.

References

Boaler, Jo, and Cathy Humphreys. 2005. Connecting Mathematical Ideas: Middle School Video Cases to Support Teaching

and Learning. Portsmouth, NH: Heinemann.

Charles, Randall I., et al. 2020. enVision® Mathematics ©2020. Glenview, IL: Pearson Education, Inc.

Cobb, Paul, et al. 1991. “Assessment of a Problem-Centered Second-Grade Mathematics Project.” In Journal for Research in

Mathematics Education 22: 3-29.

Common Core State Standards for Mathematics (CCSSM). 2010. Washington, DC: National Governors Association Center
for Best Practices, Council of Chief State School Officers. http://www.corestandards.org/wp-content/uploads/Math_

Standards.pdf

de Charms, Richard. 1972. “Personal Causation Training in the Schools.” In Journal of Applied Social Psychology 2: 95-113.

Kieran, Carolyn. 2007. What Do We Know about the Teaching and Learning of Algebra in the Elementary Grades? NCTM

Brief, http://www.nctm.org/news/content.aspx?id=12326

Meyer, Dan. 2011. “The Three Act of a Mathematical Story.” dy/dan, May 11, 2011.
http://blog.mrmeyer.com/2011/the-three-acts-of-a-mathematical-story

Yackel, Erna, Paul Cobb, and Terry Wood. 1991. “Small-Group Interactions as a Source of Learning Opportunities in
Second-Grade Mathematics.” In Journal for Research in Mathematics Education 22: 390-408.




ZACHARY CHAMPAGNE, ASSISTANT IN RESEARCH
Florida Center for Research in Science, Technology, Engineering, and Mathematics
(FCR-STEM) Jacksonville, Florida

Zachary Champagne has been involved in mathematics education for nearly
twenty years. Mr. Champagne believes that each and every student has important
mathematical ideas, and works to share his passion and love for mathematics with
teachers around the country. He is the Past-President of the Florida Council of
Teachers for Mathematics and has served on numerous committees for NCTM,
including the editorial panel for Teaching Children Mathematics. Mr. Champagne is
an author of enVision Mathematics ©2020.

JENNIFER M. SUH, PROFESSOR OF MATHEMATICS EDUCATION

Florida Center for Research in Science, Technology, Engineering, and Mathematics
George Mason University

Fairfax, Virginia

Jennifer Suh is a professor of mathematics education at George Mason University.

Dr. Suh teaches mathematics methods courses in the Elementary Education Program
and mathematics leadership courses for the Mathematics Specialist Masters and Ph.D.
Programs. She directs the Center for Outreach in Mathematics Professional Learning
and Educational Technology, COMPLETE, a joint center between the College of
Education and the College of Science. Her research focuses on (1) implementing
lesson study in K-8 classrooms to develop pedagogical mathematics knowledge
across the continuum from pre-service teachers to mathematics teacher leaders;

(2) building children’s development of mathematical meaning through math modeling
and representational fluency; and (3) promoting equitable access to 21st century skills
through STEM problem-based learning tasks encouraging creativity, critical thinking,
communication and collaboration for diverse student populations. Dr. Suh is an
author for Pearson enVision Mathematics ©2020.

‘enVision \Vlathematics

©2020 Join the Conversation:
Twitter.com/PearsonPreK12

PearsonSchool.com Facebook.com/PearsonPreK12

800-848-9500

Get Fresh Ideas for Teaching:
Copyright Pearson Education, Inc., or its affiliates. All rights reserved. BIog.PearsonSchoo\.com




