PD Support Materials

Fluency
Directions for Using the Overview Slideshow
Each Instructional Strategy Guide contains an overview slideshow that sets the context for
the evidence-based practices that are presented in Teach with Tech and illustrated in the
Lesson in Action. It also identifies ways to differentiate instruction based on the Universal
Design for Learning (UDL) principles. Discussion questions are embedded in each
slideshow.

PD Goals
 To set a context for delving into Teach with Tech and the Lesson in Action
 To elicit prior knowledge and build background knowledge

PD Materials
 The slideshow within the Instructional Strategy Guide
 Discussion questions (embedded within the slideshow and provided as a handout
below)

PD Activity
 Ask teachers to review the slideshow (either before or during the session)
 Elicit conversation using discussion questions
 As a follow up, share key ideas
See the PD Facilitator Guide for related activities to support ongoing professional learning.
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Discussion Questions for the Fluency Slideshow
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Directions for Using Teach With Tech
Each Instructional Strategy Guide contains a Teach with Tech section, which offers
suggestions for differentiating evidence-based practices and personalizing instruction using
a range of technology tools.

PD Goals
 To examine and discuss evidence-based practices in terms of:
 What they are and how they can be used to differentiate instruction
 How technology tools can be integrated to further meet the needs of struggling
students

 To generate additional instructional strategies based on the needs of your students
and the technology tools that are available in your school

PD Materials
 Teach with Tech (which is located within the Instructional Strategy Guide). This
can be:





Distributed as a handout
Projected onto a large screen
Viewed on laptops, tablets, and other devices

 A companion chart (below), titled Differentiate the Strategy. The chart is divided
into three columns:



The left-hand column, “Evidence-Based Practices,” which is divided into three
sections (one for each of the three evidence-based practice headings)



The middle column, “PowerUp Suggested Strategies,” which lists the
strategies presented within PowerUp



The right-hand column, “Differentiating Instruction with Technology,” which has
been left blank so that it can be used to record ideas brainstormed by the
group of teachers in your school

PD Activity
 Review Teach with Tech (contained within the Instructional Strategy Guide)
 Review the strategies under each of the three evidence-based practice
headings:

•
•
•



Discuss how relevant they are to your students’ needs
Compare them with current classroom practices
Identify new ideas that could be implemented

Discuss the accompanying Quick Views
Explore and discuss the identified UDL Guidelines

 Introduce the companion chart titled Differentiate the Strategy
 Collaboratively (in small groups or pairs) brainstorm ideas to include in the
right hand column (“Differentiating Instruction with Technology”) by:

•
•
•

Exploring possible technology tools available in the school
Sharing ideas
Identify what it would take to implement these ideas in the classroom

See the PD Facilitator Guide for related activities to support ongoing professional learning.
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Differentiate the Strategy: Fluency
Evidencebased Practice

PowerUp Suggested Strategies

Differentiating
Instruction with
Technology

Explain that fluency means recognizing and pronouncing
the words accurately; reading at the right level of speed for
the purpose and level of the text; and using the voice to
express meaning (e.g., character, plot, tone), including
pausing when the punctuation instructs you to do so.

Provide Clear
Explanations

Explain to students that you will help them to use different
strategies to build fluency.

Show students how to use online and offline tools to track
their oral reading performance as a way to set goals and
track their improvement.

Model fluent and expressive reading daily by taking
advantage of audiobooks, e-books, online videos, and
podcasts.

Give Students
Strategies and
Models

Model how to address different types of oral reading
issues (e.g., stopping to think aloud about what isn’t
working and then trying again).
Demonstrate and model how students can self-assess
fluency by using a graph or qualitative checklist to monitor
and improve expressive reading, creating a video podcast
showing the self-assessment process, and posting
podcasts on the class website and inviting feedback.

Teach students how to select texts that are at the
appropriate instructional or independent level, depending
on the fluency goal.

Provide
Ongoing
Formative
Assessment

Provide struggling readers with options for assisted reading
and paired reading (reading aloud together, alternating
reading, echo reading). Students can work with an older
student reading buddy, special education teacher, literacy
specialist, or adult volunteer.
Use technology tools to engage students in performing
text. Introduce technology by showing videos of students
performing choral readings and readers’ theater. Have
students audiotape and/or videotape while practicing so
that they can see and hear what needs to be improved
before performing for an audience. Post final performances
on the school website.
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Directions for Using the Lesson in Action
Every Instructional Strategy Guide includes one or more Lessons in Action. Each lesson
provides a classroom example of the relevant evidence-based practice. The example
illustrates how a teacher aligns instruction with the Common Core State Standards,
differentiates instruction to meet the needs of her diverse students, uses technology to
personalize learning, and engages in formative assessment.

PD Goals
 To analyze the Lesson in Action and reflect on current teaching practice
 To provide teachers with a foundation for their own lesson planning

PD Materials
 The Lesson in Action you selected from the Instructional Strategy Guide, which
can be:



Distributed as a handout



Projected onto a large screen



Viewed on laptops, tablets, and other devices

 The companion handout (titled Scavenger Hunt), which can also be distributed as
a handout, projected onto a large screen, or viewed on devices

PD Activity
 Analyze and discuss the Lesson in Action
 Use the Scavenger Hunt handout to discuss how the teacher is:


Aligning the lesson with the Common Core State Standards



Employing the strategies suggested in Teach with Tech



Using technology to support struggling students



Personalizing instruction through differentiation



Translating UDL principles into action

 Compare the Lesson in Action with current practice in your school and classrooms
 Identify the new ideas the Lesson in Action offers for using:


Evidence-based practices



Differentiated instruction and UDL



Technology tools

 Use the Lesson at a Glance for lesson planning:


Discuss the sequence of the instructional steps: What? Why? How?



Discuss how the instructional steps can be used as a basis for lesson planning



Create a modified lesson plan to meet student needs by working individually or
in collaboration

See the PD Facilitator Guide for related activities to support ongoing professional learning.
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Scavenger Hunt

Within the Lesson in Action, can you find an example of how the teacher...
1. Aligns instruction to meet the Common Core State Standards?

2. Uses one of the Teach with Tech suggested practices?

3. Uses technology to support struggling students?

4. Personalizes instruction through differentiation?

5. Translates UDL principles into action?

If you can’t find an example, what would you have done?

PD Support Materials | Fluency

6

Lesson in Action
AT A GLANCE
Before Reading

•

Explain the role of tracking
data to improve
performance.

•

Set the learning goal for the
session.

•

Project the example of
the completed log and
analyze it.

•

Demonstrate the digital
version of the template as a
slide in the My Fluency Log
PowerPoint.

During Reading

•
•

Assign students the task of
reviewing their logs and
self-assessing progress.
Monitor student progress
and provide individualized
help.

After Reading

•

Have small groups share
graphs and reflections.

•

Have students upload the
fluency logs for review.

•

Share highlights of learning
across the three lessons.

Fluency: Formative Assessment
Context
Mr. Mepp’s Grade 2 class includes many students who have reading and language
problems. One important goal has been to help them with fluency. To meet that goal, he
introduced repeated reading as a strategy. Then, going further, he introduced fluency logs.
Both of these core strategies have made an impact on his students’ reading. Now,
continuing to build on past success, he will be working on formative assessment of
repeated readings.

Common Core State Standards
 CCSS.ELA-Literacy.RF.4.4 (http://www.corestandards.org/ELALiteracy/RF/4/4Read) with sufficient accuracy and fluency to support
comprehension.

 CCSS.ELA-Literacy.RF.4.4a (http://www.corestandards.org/ELA-Literacy/RF/4/4/a)
Read grade-level text with purpose and understanding.

 CCSS.ELA-Literacy.RF.4.4b (http://www.corestandards.org/ELA-Literacy/RF/4/4/b)
Read grade-level prose and poetry orally with accuracy, appropriate rate, and
expression on successive readings.

 CCSS.ELA-Literacy.RF.4.4c (http://www.corestandards.org/ELA-Literacy/RF/4/4/c)
Use context to confirm or self-correct word recognition and understanding,
rereading as necessary.

Lesson Objective
Students will create a My Fluency Log PowerPoint slide and audio record repeated
readings of the same text. Students will formatively assess progress and share in group
discussion.

Technology
 PowerPoint slide shows, to model and guide practice with preloaded guides and
work logs

 Interactive whiteboard, to display digital resources and student work
 PowerPoint on student devices, to allow students to create a fluency log to audio
record oral reading and self-assess progress

 Microphones and headsets, to allow students to record their reading and play back
the recordings
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Assessment
 Audio recordings of repeated readings of the same text
 Oral reading performance graph and reflection

Mr. Mepp’s Class in Action
Before Reading
Mr. Mepp opens the third repeated reading session with a focus on formative assessment,
using a chart to graph miscues and evaluate rate and expressiveness (the three aspects of
reading fluently).
“Why do runners keep track of their times?” he asks.
“So they can get faster and win races,” offers one student.
“And so they know how much more practicing they have to do,” says another.
“I like that thinking,” says Mr. Mepp. “Readers are like athletes—they work to become more
successful. Sometimes it’s helpful to track your miscues when you’re doing repeated
readings. If I get six miscues on my first read, I could set a goal for myself that I’ll get only
three miscues on my second read.”
Mr. Mepp explains that today they are going to listen again to the audio recordings that the
students put in their fluency logs and reflect on how they did.
He projects an example of a chart that has been filled out, along with a blank form for
students to use. Although he is providing students with a hard copy of the form, he also
has a PowerPoint slide with a form that can be added to each student’s fluency log and
completed in digital format.
Mr. Mepp passes out copies of the Oral Reading Tracker with Marna’s example. The class
analyzes Marna’s log, noticing several things as follows:

 She had six miscues on her first read of Snow, but she got more accurate quite
quickly, dropping to three miscues on read 2 and one on read 3.

 She put a star on read 3 to show she read the text accurately.
 She reflected that she read somewhat slowly, so she might need to work on her
rate.

 She thought that sometimes she read with expression, and sometimes not.
 For her second book, she read it more times to become fluent with it. She didn’t
have as many miscues to begin with, but maybe they were really hard for her.

 She increased her rate on the second book.
 She used her voice about the same.
The class concludes that Marna is making progress and that she probably needs more
practice before she tackles harder books. Maybe she could work with a partner to be more
dramatic with her reading.
Before moving on to the practice section, Mr. Mepp briefly shows students the digital form
that they can use to track their own progress. It is a slide within their My Fluency Log
PowerPoint. He gives students the option of using either the print or digital version.
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During Reading
Mr. Mepp asks each student to turn to their fluency logs and use the form to self-assess
their progress while they work through their recordings and logs from the previous class
sessions.
He follows his usual procedure of rotating around the room and checking in with students
to see how they’re doing. He provides “just-in-time” support to help each student move
along. He also checks in on their understanding of the text.
“John,” notes Mr. Mepp, “I see your miscues were cut in half on your second read. Good
job! Tell me how you did that.”
John answers, “I read through and put a mark next to the words I didn’t know. I tried
sounding them out and looking for parts I knew. One of them I looked up in my online
dictionary and clicked on the pronunciation.”
“I like that you’re using different strategies,” Mr. Mepp responds with a smile. “Another
strategy that would help with some of these words is to look for the root word and then
consider prefixes and suffixes. Let me know how it works with this word.”

After Reading
Mr. Mepp has groups of four share their graphs and reflections. He then leads a whole
class discussion, highlighting what students have learned about their progress and
problem solving any issues.
He explains that he will also look at their fluency logs and charts so that he can give them
more feedback (he has learned that investing in this kind of review when students are
learning new strategies pays off in the end). Mr. Mepp reminds them to upload their logs to
the class folder.
He ends the session by asking students to recount highlights from the three fluencyfocused class sessions. Students talk about what they liked about reading aloud and
recording, what they learned, and what they want to work on moving forward.

Reflection
Mr. Mepp reflected on the past month’s work on fluency. As yet, he hasn’t asked students
to time their readings. Instead, students use an oral reading form to make a judgment
about whether they are reading too slowly, too quickly, or at an appropriate rate. He plans
to show them how to use the digital timer on the computer so that they can assess oneminute reads. This could help them with the benchmark assessments of oral reading that
he is required to administer every quarter. He plans to develop a model and show the
students how to time their reading.
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Captioning to Support Literacy
Center for Technology Implementation

Overview
Captions can provide struggling readers with additional print exposure,
improving foundational reading skills.
In a typical classroom, a teacher may find many students who are struggling readers, whether
they are beginning readers, students with language-based learning disabilities, or English
language learners (ELLs). One motivating, engaging, and inexpensive way to help build the
foundational reading skills of students is through the use of closed-captioned and subtitled
television shows and movies.
These supports can help boost foundational reading skills, such as phonics, word recognition,
and fluency, for a number of students. Given the wide (and inexpensive) availability of captioned
and subtitled media on broadcast television, on DVDs, and online, it can be a valuable addition
to your teaching of diverse learners.

Using in Your Classroom
Presenting information in multiple ways can help address the
diverse needs of learners in the classroom and engage students
on multiple levels.
The use of captioned or subtitled media can be a great tool for teachers looking to differentiate
classroom instruction. Consider using captioned or subtitled media whenever and wherever
you use video in your teaching; turning on captions during class has considerable benefits for
boosting the literacy skills of all students, especially those with print disabilities or ELLs.
Many struggling readers avoid text, and so have minimal exposure to print. Imagine the many
additional hours of print exposure your students would get if captions were turned on every
time they watched a video at home and at school!

Provide Multiple Means of Representation
}} For students who are learning English, captioned media can help improve vocabulary
acquisition, listening comprehension, and word recognition and decoding skills. Using
captioned videos can help ensure that these students access important material.
}} For students who are struggling readers, seeing and hearing unfamiliar words can help
improve their understanding of the material and important vocabulary words.

}} If your students are very low-level readers, consider using videos aimed at a younger
audience or those that relate to their areas of interest—for example, an animated action
series or film or pop culture content, such as interviews with musicians and actors.
Entertaining, brief videos tend to have less challenging vocabulary and your students will
still receive the literacy benefits of reading while listening.

Provide Multiple Means of Engagement
}} Providing information both textually and through the use of video (where appropriate) can
be motivating for your students. Because we naturally read text that appears on a screen,
using captions and subtitles can help boost literacy skills in a fun and engaging way.
}} Consider recommending that students (and caregivers) turn on captions or subtitles at
home to maximize exposure to print.

What the Research Says
Several studies (e.g., Bowe & Kaufman, 2001; Evmenova, 2008; Linebarger, 2001; Rickelman,
Henk, & Layton, 1991) indicate that captioning and subtitles can help strengthen the following
reading skills of students with learning disabilities, ELLs, and struggling or beginning readers:
}}
}}
}}
}}

Reading speed and fluency
Word knowledge
Decoding
Vocabulary acquisition

}} Word recognition
}} Reading comprehension
}} Oral reading rates

Research has shown that watching videos appears to have a positive impact on comprehension
skills, and combining viewing with text or captions appears to boost vocabulary acquisition,
addressing skill deficits of struggling readers (Koskinen, Wilson, Gambrell, & Neuman, 1993;
Koskinen, Knable, Markham, Jensema, & Kane 1995; Linebarger, 2001). Although most
students do well with captioned media, the speed of captions could potentially pose a problem
for very young children or struggling readers (Koskinen et al., 1993). For particularly low-level
readers, teachers may want to consider using captioned television or movies where vocabulary
is less likely to be difficult, such as those where the main characters are children or teenagers,
animated movies, family programs, or movies with young children in the cast (Goldman, 1993).
For students who are learning English (or another language), captioned and subtitled media
also can have benefits. This strategy has been shown to be more effective at improving overall
listening comprehension than noncaptioned movies. Students who watch captioned videos to
learn a foreign language have shown improvement in reading and listening comprehension,
word recognition, decoding skills, motivation, and vocabulary acquisition (Evmenova, 2008;
Goldman, 1993; King, 2002; Koskinen et al., 1995; Neuman, 1990; Shea, 2000). The use
of multimedia to teach a foreign language can also help motivate students and remove some
of the anxiety of not knowing the language (Huang & Eskey, 1999; King, 2002; Neuman,
1990; Shea, 2000).
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Students consistently report increased engagement and enjoyment of captioned media over
other options (e.g., print, uncaptioned media). Even in studies that have not found a significant
improvement in academic objectives when using closed-captioned media have still determined
that students report preferring captions (Evmenova, 2008; Holmes, Russell, & Movitz, 2007;
Koskinen et al., 1993; Linebarger, 2001; Rickelman et al., 1991; Spanos & Smith, 1990).

Because of this finding, captioned media also may have an effect on students’ nonacademic
skills such as time-on-task, motivation, and behavior as they find classroom reading activities
to be more enjoyable (Evmenova, 2008; Koskinen et al., 1993).
Researchers have found that the reading of captions or subtitles is fairly intuitive, so the use
of captioned media requires little extra training or instruction for students. When watching
subtitled media, viewers will typically attempt to decode the text, even if they are struggling
or beginning readers (Kothari, Pandey, & Chudgar, 2004). Another benefit of the addition of
captioned media to classroom instruction is that it shifts watching typical classroom videos
from a “dominantly picture-viewing activity to a dominantly reading activity” (Kothari et al., 2004,
p. 29), providing struggling readers with additional reading practice.
Because lower level readers may tend to avoid reading activities, their exposure to print is
minimal and development of literacy skills continues to fall behind that of their peers (Koskinen
et al., 1993). Maximizing print exposure through the use of captions, both at home and at
school, can add many hours of reading practice and literacy skill development (Koskinen et al.,
1993; Kothari et al., 2004).
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PD Support Materials

Visual Representations
Directions for Using the Overview Slideshow
Each Instructional Strategy Guide contains an overview slideshow that sets the context for
the evidence-based practices that are presented in Teach with Tech and illustrated in the
Lesson in Action. It also identifies ways to differentiate instruction based on the Universal
Design for Learning (UDL) principles. Discussion questions are embedded in each
slideshow.

PD Goals
 To set a context for delving into Teach with Tech and the Lesson in Action
 To elicit prior knowledge and build background knowledge

PD Materials
 The slideshow within the Instructional Strategy Guide
 Discussion questions (embedded within the slideshow and provided as a handout
below)

PD Activity
 Ask teachers to review the slideshow (either before or during the session)
 Elicit conversation using discussion questions
 As a follow up, share key ideas
See the PD Facilitator Guide for related activities to support ongoing professional learning.
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Discussion Questions for the Visual
Representations in Math Slideshow
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Directions for Using Teach With Tech
Each Instructional Strategy Guide contains a Teach with Tech section, which presents
suggestions for differentiating evidence-based practices and personalizing instruction using
a range of technology tools.

PD Goals
 To examine and discuss evidence-based practices in terms of:
 What they are and how they can be used to differentiate instruction
 How technology tools can be integrated to further meet the needs of struggling
students

 To generate additional instructional strategies based on the needs of your students
and the technology tools that are available in your school

PD Materials
 Teach with Tech (which is located within the Instructional Strategy Guide). This
can be:





Distributed as a handout
Projected onto a large screen
Viewed on laptops, tablets, and other devices

 A companion chart (below), titled Differentiate the Strategy. The chart is divided
into three columns:



The left-hand column, “Evidence-Based Practices,” is divided into three
sections, one for each of the three headings of evidence-based practices.



The middle column, “PowerUp Suggested Strategies,” lists the strategies
presented within PowerUp.



The right-hand column, “Differentiating Instruction with Technology,” is blank
so that it can be used to record ideas brainstormed by the group of teachers in
your school.

PD Activity
 Review Teach with Tech (contained within the Instructional Strategy Guide)
 Review the strategies under the three evidence-based practice headings

•
•
•



Discuss how relevant they are to your students’ needs
Compare them with current classroom practices
Identify new ideas that could be implemented

Discuss the accompanying Quick Views
Explore and discuss the identified UDL Guidelines

 Introduce the companion chart titled Differentiate the Strategy
 Collaboratively (in small groups or pairs) brainstorm ideas to include in the
right hand column (“Differentiating Instruction with Technology”) by:

•
•


Exploring possible technology tools available in the school
Sharing ideas

Identify what it would take to implement these ideas in the classroom

See the PD Facilitator Guide for related activities to support ongoing professional learning.
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Differentiate the Strategy: Visual Representations
in Math
Evidencebased Practice

PowerUp Suggested Strategies

Differentiating
Instruction with
Technology

Check students’ understanding of a visual representation to
determine a starting point. Ask them about features,
including labels and scales when appropriate. Review any
features they are unsure of and encourage them to ask
questions.

Provide Clear
Explanations

As students use a variety of online tools to create visual
representations, ask questions about the format of the
representation to ensure that students understand all the
features.
Some representations, such as graphs, use more than one
dimension. Highlight for students—or have students tell
you—what each dimension represents. When your students
first learn how to use a representation, you may need to do
this each time they use it. As students become familiar with
the representation, you can check in with them to make sure
they can interpret the dimensions.
When possible, include alternative visual representations
and discuss the similarities and differences between the
representations. This will help your students to move more
easily from one representation to an alternative they prefer.
It will also help them recognize limitations in one visual
representation that may not appear in others.

Give Students
Strategies and
Models

Vary the shapes and orientations of representations so that
students focus only on the important features as they learn
about the objects and situations represented.

When you introduce a visual representation for a task,
explain the connection between the problem and the
representation. Use the same language with the
representation that the problem uses.
Show your students a specific representation—a graph or
table—that is missing an important feature. Ask them to
identify the missing feature. For example, they should be
able to identify when a graph has no scale indicated on an
axis, or that the quantity represented by the axis is missing.
Provide
Ongoing
Formative
Assessment

When students get stuck as they try to interpret a visual
representation, ask questions that guide their thinking.
Questions may help you to discover the source of a
student’s confusion. Prompt the student to focus on the
information the visual representation provides.
Consider each student’s needs and learning styles when
you decide which actions to take to move students closer to
the learning goals. Give students time to ask you questions,
share their thinking, and respond to the feedback you
provide.

PD Support Materials | Visual Representations

4

Directions for Using the Lesson in Action
Every Instructional Strategy Guide includes one or more Lessons in Action. Each lesson
provides a classroom example of the relevant evidence-based practice. The example
illustrates how a teacher aligns instruction with the Common Core State Standards,
differentiates instruction to meet the needs of her diverse students, uses technology to
personalize learning, and engages in formative assessment.

PD Goals
 To analyze the Lesson in Action and reflect on current teaching practice
 To provide teachers with a foundation for their own lesson planning

PD Materials
 The Lesson in Action you selected from the Instructional Strategy Guide, which
can be:



Distributed as a handout



Projected onto a large screen



Viewed on laptops, tablets, and other devices

 The companion handout (titled Scavenger Hunt), which can also be distributed as
a handout, projected onto a large screen, or viewed on devices

PD Activity
 Analyze and discuss the Lesson in Action
 Use the Scavenger Hunt handout to discuss how the teacher is:


Aligning the lesson with the Common Core State Standards



Employing the strategies suggested in Teach with Tech



Using technology to support struggling students



Personalizing instruction through differentiation



Translating UDL principles into action

 Compare the Lesson in Action with current practice in your school and classrooms
 Identify the new ideas the Lesson in Action offers for using:


Evidence-based practices



Differentiated instruction and UDL



Technology tools

 Use the Lesson at a Glance for lesson planning:


Discuss the sequence of the instructional steps: What? Why? How?



Discuss how the instructional steps can be used as a basis for lesson planning



Create a modified lesson plan to meet student needs by working individually or
in collaboration

See the PD Facilitator Guide for related activities to support ongoing professional learning.
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Scavenger Hunt

Within the Lesson in Action, can you find an example of how the teacher...
1. Aligns instruction to meet the Common Core State Standards?

2. Uses one of the Teach with Tech suggested practices?

3. Uses technology to support struggling students?

4. Personalizes instruction through differentiation?

5. Translates UDL principles into action?

If you can’t find an example, what would you have done?
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Lesson in Action
Visual Representations: Geometry in Art
AT A GLANCE
Launch

•

Warm up with a review
problem.

•

Have students
demonstrate and explain
different solutions to the
problem.

•

Compare and contrast the
two visual representations.

•

Have the class identify
additional solutions to the
problem.

Learning Task

•
•

Introduce the learning
task.
Connect the review
problem (introduced during
the launch) to the realworld problem.

Context
Ms. Richardson’s Grade 6 class is working on a geometry unit. They have reviewed how to
classify different quadrilaterals and triangles, and most students have become proficient at
using mathematical terms. They have also been learning how to use GeoGebra, and in the
previous lesson they began working on decomposing polygons. Ms. Richardson would like
students to continue to draw and decompose polygons in order to become more familiar
with them through visualization.

Common Core State Standards
 CCSS Math 6.G.1 (http://www.corestandards.org/Math/Content/6/G/A/1) Find the
area of right triangles, other triangles, special quadrilaterals, and polygons by
composing into rectangles or decomposing into triangles and other shapes; apply
these techniques in the context of solving real-world and mathematical problems.

 CCSS Math MP4 (http://www.corestandards.org/Math/Practice/MP4) Model with
mathematics.

Lesson Objective

•

Have student pairs begin
work on the problem.

Students will decompose polygons into triangles, rectangles, and trapezoids.

•

Circulate, listening to
discussions and
supporting students as
necessary.

Technology

•

Have students view all the
solutions during a gallery
walk.

Closure

•

Lead a class discussion on
students’ different
solutions.

•

Have each student
complete an exit ticket.

 Interactive whiteboard to demonstrate students’ visual representations
 GeoGebra to create and decompose polygons

Assessment
 Student discussion and final work for learning task activities
 Exit ticket
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Ms. Richardson’s Class in Action
Launch
To begin today’s lesson, Ms. Richardson draws a few congruent regular pentagons using
GeoGebra and displays them on the interactive whiteboard. “In the last lesson we
discussed decomposing polygons. Let’s have two volunteers come up and decompose
these regular pentagons in two different ways.” David and Emily go up to the whiteboard.
“After you decompose the pentagon into smaller polygons, I’ll ask you to explain how you
can use the decomposition to find the area of a pentagon.”

David

Emily

David points to his diagram. “I divided the pentagon into three triangles, because I know
the formula for triangle area.”
Emily points to her diagram. “I divided the pentagon into a triangle and a trapezoid,
because I know the formulas for both of those shapes.” Ms. Richardson asks the class,
“How are the pentagon decompositions similar and different?”
Kevin raises his hand. “The triangle that Emily drew is the same as one of the triangles in
David’s.” Maria adds, “David only used triangles and Emily used a triangle and a
trapezoid.” The students compare and contrast the pentagons for a few more minutes.
After concluding the discussion, Ms. Richardson asks, “Are there other ways we can divide
a pentagon using only triangles?” With input from the students, she creates a few other
examples:
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“Emily’s pentagon has a triangle and a trapezoid. Is it possible to divide the pentagon in
other ways with triangles and trapezoids?” For these examples, she calls on a few students
to use GeoGebra and draw the line segments to decompose the pentagons.

Finally, Ms. Richardson has students give a few examples with rectangles and triangles.

She then concludes the opening of the lesson. “Dividing the pentagons into polygons like
this is pretty straightforward,” she tells the class. “Next, we’re going to work with a realworld example that is a little more complicated.”
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Learning Task
To introduce the learning task, Ms. Richardson brings up a picture of a Sol Lewitt work.

Sol Lewitt. Wall Drawing #1113. On a wall, a triangle
within a rectangle, each with broken bands of
color, 2003. Hirshhorn Museum and Sculpture
Garden, Smithsonian Institution.
“This painting is by the artist Sol Lewitt,” Ms. Richardson begins. “It’s in the Hirshhorn
Museum and takes up the entire wall of a room. The title of the work is actually a set of
instructions.” She points to the caption and tells the class, “We’re going to use them to
create our own versions.”
She opens a new window in GeoGebra and displays it on the whiteboard. “Instead of using
a physical wall,” Ms. Richardson explains, “we’ll model using a virtual one. First we need a
triangle within a rectangle.” As she is talking, she constructs a rectangle and a triangle.
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“We’ll use the idea that this artist had—to divide the triangle up into three smaller
triangles.”

“To continue with this, you’re going to work with a partner and begin constructing the
bottom triangle piece.”
As students get into pairs and move to the computers, she instructs them to pull up the file
that she has prepared:

“We’ll restrict the ‘broken bands of color’ to be congruent rectangles, congruent right
triangles, and congruent trapezoids. You can make copies of the given polygons and you
can construct your work however you want, within those parameters. You also need to fill
out this table”:
Number

Height

Base 1

Triangles

Base 2

Area

Total Area

n/a

Trapezoids
Rectangles

n/a

As the students work, Ms. Richardson circulates the room, providing support as needed. If
necessary, she reminds the students to use the “rigid polygon” option to make copies of
each polygon, and that they can reflect and rotate them. She also suggests to some
students that they might find it easier to complete the task if they use pencil and paper.
She walks over to Kevin and Maria and sees that they have not begun. Ms. Richardson
points to the polygons in the file. “If you used the original dimensions for the triangles,
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rectangles, and trapezoids, how could you fill the triangle?” Maria makes a few copies of
the trapezoid and moves them around to fit in the triangle.

Kevin copies the triangle and moves them around to fit, rotating a few.

They continue to copy, rotate, and reflect the polygons. Ms. Richardson leaves them to
complete the task.
Nathan and Zach are using triangles, rectangles, and trapezoids, but they are having
difficulty identifying appropriate dimensions for the polygons. They are using a guess and
check method.

Ms. Richardson asks them to pause for a moment. “How did you think about decomposing
the pentagon in the opening?”
Nathan responds, “The way I thought to decompose a pentagon is to draw segments from
one vertex to an opposite one. But that doesn’t work for a triangle.”
“That’s right,” Ms. Richardson says. “What happened when we decomposed a pentagon
into triangles, rectangles, and trapezoids? What was your approach to those problems?”
Zach considers the question. “I thought about drawing perpendicular bisectors to see what
happens. Since the pentagon is regular, using perpendicular bisectors keeps some of the
symmetry.” As he is speaking, Ms. Richardson pulls up the pentagons they had
decomposed. Zach points to one. “Like this one. Drawing a segment across the top creates
a triangle, and the bottom of the triangle and a perpendicular bisector creates two
trapezoids.”
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Nathan continues the train of thought. “We can do something similar with this triangle to
create a triangle and two trapezoids.” He constructs two line segments to demonstrate his
point. “The trapezoids are congruent.”

Zach also starts drawing line segments. “This looks kind of boring. If you add segments
here and here, the trapezoids stay congruent and we can also add some rectangles…” Ms.
Richardson walks over to another group as they continue talking.
Ms. Richardson sees that David and Emily have completed the triangle using pencil and
paper. They are filling out the table but are having some difficulty.
David looks at the table, “I’m just not sure if we calculated the areas correctly. There are a
lot of polygons to add up—how can we be sure it’s right?” Ms. Richardson turns to Emily
and asks, “How could you check your answer?”
She ponders the question, looking at their diagram. Ms. Richardson waits a moment before
asking, “How did you find the area of the pentagon at the beginning of the lesson?”
“I divided it into a triangle and a trapezoid,” she responds. “That made it easy, because I
know how to calculate the area of a triangle and a trapezoid.” She thinks for a little bit
longer and then adds, “Actually, it’s easy to find the area of the large triangle here—I just
said I know how to calculate the area. We could add up all the areas of the polygons we
divided the triangle into and then compare that to the area of the triangle. They should be
equal.” David begins to add the areas together while Emily works on calculating the area of
the large triangle.
When students have completed decomposing the triangle into smaller polygons, she has
the class come back together. Students display their work and do a gallery walk.

Closure
Ms. Richardson concludes the lesson by leading a class discussion. They note that each
combination of polygons adds up to the same area (32 square units).
As an exit ticket, she asks students to calculate the area of an irregular polygon by
decomposing it into triangles and other polygons.

Reflection
After class, Ms. Richardson reviews her plans for the rest of the unit. Most students have
become proficient at decomposing polygons and making connections with area. She plans
to introduce coordinate geometry next, and she will continue to have students use
GeoGebra. While listening to the students’ discussions, she noted the students who are
still having difficulty with geometry. She will reconfigure the groups for the rest of the unit to
optimize peer learning opportunities.
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Overview
The use of manipulatives in math instruction can help you in addressing
the Common Core State Standards for Mathematical Practice.
Abstract concepts are essential to understanding and doing math. They are also a source of
difficulty for students who struggle with math, many of whom find even basic math concepts
hard to understand. A popular approach to help students understand abstract concepts is the
use of concrete materials, often referred to as manipulatives. Manipulatives help students
and teachers concretely represent abstract math concepts. Also, they enable students to link
these concepts to prior knowledge. The use of manipulatives in math instruction can help you
in addressing the Common Core State Standards for Mathematical Practice—particularly the
standards related to making sense of problems and reasoning abstractly.
In the past, most classrooms only had physical manipulatives. Today, more classrooms
have improved access to computers and the Internet. As a result, virtual manipulatives are
becoming more common. These can be useful tools for students and can help support them
in learning to use appropriate technology tools for mathematics.

Using In Your Classroom
Virtual manipulatives are digital “objects” that resemble physical objects.
You can manipulate them, often with a mouse, in the same ways you would real objects.
Many virtual manipulatives typically used in math education are available for free online.
These include Base-10 Blocks, Cuisenaire Rods, and tangrams. Most virtual manipulatives
come with structured activities or suggestions to help teachers use them in the classroom.
Virtual manipulatives can benefit your students in several ways. Using these tools in your
classroom can:
}} Help students understand abstract math concepts.
}} Lead to richer and more complex understandings of concepts.
}} Help clarify student misconceptions and build connections between concepts and
representations.

These tools can be especially helpful for students with disabilities. Virtual manipulatives can
improve their understanding of the abstract symbolic language of math. Students who struggle
in math often find it hard to connect visual and symbolic representations. Virtual manipulatives
can help make these connections clear.
In addition, virtual objects can be altered in ways that concrete ones cannot. For example, the
size, shape, and color of a block can be changed. This means that, in many cases, students
can create more examples using virtual versus physical objects. An added benefit of virtual
manipulatives is that many of them give students hints and feedback, which allows them to
practice on their own, without teacher assistance.
Due to these features, virtual manipulatives may be especially helpful to students with
language difficulties, including English language learners. These students often have trouble
explaining what they are learning in math. Virtual manipulatives may help them clarify their
thinking and share it with others.

When choosing from one of the many options available for virtual
manipulatives, there are several key factors to keep in mind:
}} Ensure that manipulatives are linked to specific math content and evidence-based
strategies, not used as a separate activity.
}} Ensure that manipulatives are used as part of a progression from concrete to pictorial
to abstract (see What the Research Says).
}} Evaluate embedded options and supports:
¡¡ Can you adjust the level of difficulty for different students?
¡¡ Is feedback provided? What type?
¡¡ Will you need to be on hand to provide additional feedback and support?
¡¡ How clear are the instructions for use? Will you need to provide additional guidance?
Used wisely, virtual manipulatives can be an excellent addition to your teaching toolkit.
They can provide students with opportunities for guided exploration, helping them build a
solid understanding of math concepts. They can also help students demonstrate and share
their learning.

What the Research Says
Studies have evaluated the effectiveness of manipulatives as a tool in math instruction.
One line of research has studied the Concrete-Representational-Abstract (CRA) sequence.
This form of explicit instruction moves students from concrete manipulatives to pictorial
representations of those manipulatives, and finally to abstract concepts. Butler, Miller,
Crehan, Babbitt, and Pierce (2003) compared the effectiveness of teaching fraction concepts
to students with learning disabilities using a CRA approach versus a Representational-Abstract
(RA) approach (starting with pictorial representations and moving to abstract concepts, with no
concrete manipulatives). Although both groups improved their understanding of fractions, the
CRA group had overall higher scores than the RA group.
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A study by Witzel, Mercer, and Miller (2003) also supports the effectiveness of a CRA
approach for developing the basic math skills of students with learning disabilities.
Students were taught to solve algebraic equations using either a CRA approach or a
traditional approach. The study involved 34 matched pairs of students in Grades 6 and 7
who either had been diagnosed with learning disabilities or were categorized as at risk for
learning problems. After a four-week intervention, both groups showed improvement, but
the CRA group significantly outperformed those who had received traditional instruction.
In another CRA study (Maccini & Hughes, 2000), six adolescents with learning disabilities
used algebra tiles to represent algebra word problems during the concrete phase of
instruction. The students were able to transition successfully to pictorial and ultimately
symbolic representations of the problems.
Reimer and Moyer (2005) investigated the performance of 19 Grade 3 students during a
two-week unit on fractions that used virtual manipulatives. More than half of the students
improved their conceptual understanding of fractions on a teacher-designed measure. In
another study of 19 Grade 2 students, Moyer, Niezgoda, and Stanley (2005) observed that
virtual Base-10 Blocks enabled students to demonstrate more sophisticated strategies and
explanations of place value. Bolyard and Moyer-Packenham (2006) studied the use of virtual
manipulatives with 99 Grade 6 students learning addition and subtraction of integers. The
students showed significant gains in achievement, and the researchers concluded that
virtual manipulatives can support learning these concepts.
Suh and Moyer (2007) compared the use of concrete and virtual manipulatives in Grade 3
students studying algebraic thinking. Both types of manipulatives were associated with
higher achievement and increased flexibility in representing algebraic concepts. Steen,
Brooks, and Lyon (2006) compared the academic achievement of a group of Grade 1
students who used virtual manipulatives for practice in geometry instruction (treatment
group) with another group who did not (control group). A total of 31 students were randomly
assigned to either the treatment or control group. Achievement was measured by the Grade 1
and Grade 2 assessments provided by the classroom textbook’s publisher. The treatment
group improved significantly on both the Grade 1 and Grade 2 tests, while the control group
showed significant improvement only on the Grade 1 test. The teacher of the treatment group
also noted that her students showed increased motivation and time on task.
Teachers play an important role in helping students understand the concepts that manipulatives
represent. This was highlighted in a one-year study of 10 middle school math teachers and
their use of manipulatives (Moyer, 2001). Teachers who were unable to represent math concepts
were more likely to use manipulatives as a diversionary rather than an instructional activity.
The CRA studies described above also demonstrate the importance of structure and
guidance in linking concrete materials to abstract concepts. For example, students in
Maccini and Hughes’ study (2000) were taught not only to use algebra tiles to represent
word problems but also to use a structured strategy in solving them. In the Reimer and
Moyer study (2005), students benefited from another important aspect of guidance:
feedback. When students were interviewed regarding their impressions of the virtual
manipulatives, an emergent theme was their appreciation for the immediate feedback
possible with the computer-based manipulatives.
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