EVIDENCE RESOURCE CENTER:

Evidence-Based Recommendations for
IMPACT Grant Y2: Mathematics

This report offers a selection of evidence-based practices centered on the topic of Mathematics, and
selected specifically for the multi-state Migrant Education IMPACT Grant, Year Two.

Areas of Focus

When selecting relevant evidence-based practices, focus areas included:

e Mathematical thinking, mindset, and confidence/self-efficacy, with a secondary focus on the
development of specific mathematics skills;

e All four (Strong, moderate, promising, and low) levels of evidence, as defined by the What Works
Clearinghouse and the ESSA Tiers of Evidence Quality;

e Recommendations that can be applied to students across all grade levels, with a wide variety of
English language and literacy levels.

Priority was given to practices with:

e the potential to be implemented at home, by parents/caregivers of migratory learners, who
themselves have a wide range of mathematics and literacy skill levels and often limited English
proficiency;

e the potential to improve parent/caregiver engagement in their child’s learning and mathematics
development.

Methods

In this report, we have applied the above criteria to curate WWC Practice Guide recommendations—which
emerge from many studies as common components likely to be driving outcomes—and have aligned these
practices to the principles of mathematics instruction articulated by the National Council of Teachers of
Mathematics (NCTM) and the National Research Council (NRC), as well as other thought leaders such as
the Regional Education Laboratories (RELs) and the Institute for Education Sciences (IES).

The following team members provided consultation to curate research and annotate this report:
e Rachel McGlynn, M.Ed., Mathematics Content Consultant for the PA Evidence Resource Center
e Laura Mikowychok, Project Manager, PA Evidence Resource Center
Commentary provided in gray call-out boxes throughout the report reflect the opinions, experiences, and
favorite resources of the authors, which may or may not themselves have been studied or vetted for
evidence of effectiveness, but which support evidence-based practices and help make them actionable.

Artificial intelligence was used to aid in the development of this report, including:



e Scite.ai for research identification, synthesis, citation generation, and suggestions for parent
activities in support of NCTM and NRC standards; and
e Scholarcy.com for article summarization and the gathering of research on parent mathematical
mindset found on page 33.
Responses were generated between December 1, 2024 and January 11, 2025 and reflect the state of
publicly available research at that time.

The What Works Clearinghouse Practice Guides

The What Works Clearinghouse (WWC)—an initiative of the Institute of Education Sciences (IES) within the
U.S. Department of Education—provides a clearinghouse of evidence-based practices with reviews of
education research, as well as tools and resources that aggregate, synthesize, and summarize research
findings.

WWC Practice Guides are one such tool, developed by panels of experts and researchers to provide
recommendations that emerge from analyzing the landscape of evidence in a particular area. The Guides
provide how-to steps and tips for educators on implementing evidence-based practices, and when
released, are usually accompanied by an introductory webinar (recordings available on the WWC website).
More information on the development of the guides can be found here: WWC Practice Guide for Educators
Developmen idelin

The Practice Guides referenced for this project include:

1. Fuchs, L.S., Newman-Gonchar, R., Schumacher, R., Dougherty, B., Bucka, N., Karp, K.S., Woodward, J., Clarke, B.,
Jordan, N. C, Gersten, R., Jayanthi, M., Keating, B., and Morgan, S. (2021). Assisting Students Struggling with
Mathematics: Intervention in the Elementary Grades (WWC 2021006). Washington, DC: National Center for
Education Evaluation and Regional Assistance (NCEE), Institute of Education Sciences, U.S. Department of
Education. Retrieved from http://whatworks.ed.gov/.

2. Frye, D., Baroody, A. J., Burchinal, M., Carver, S. M., Jordan, N. C., & McDowell, J. (2013). Teaching math to
young children: A practice quide (NCEE 2014-4005), Washington, DC: National Center for Education
Evaluation and Regional Assistance (NCEE), Institute of Education Sciences, U.S. Department of Education.
Retrieved from the NCEE website: http://whatworks.ed.gov

3. Woodward, J., Beckmann, S., Driscoll, M., Franke, M., Herzig, P., Jitendra, A., Koedinger, K. R., & Ogbuehi, P.
(2012). Improving mathematical problem solving in grades 4 through 8: A practice quide (NCEE 2012-4055).
Washington, DC: National Center for Education Evaluation and Regional Assistance, Institute of Education
Sciences, U.S. Department of Education. Retrieved from http://
ies.ed.gov/ncee/wwc/publications_reviews.aspx#pubsearch/.

4. Slegler R. Carpenter T, Fennell F., Geary, D., LeW|s J., Okamoto, Y., Thompson L. &Wray,J (2010)

#2010-4039). Washington, DC: National Center for Education Evaluation and Reglonal Assistance, Institute of
Education Sciences, U.S. Department of Education. Retrieved from whatworks.ed.gov/
publications/practiceguides.

5. Pashler, H,, Bain, P, Bottge, B., Graesser, A., Koedinger, K., McDaniel, M., and Metcalfe, J. (2007) Organizinga
Instruction and Study to Improve Student Learning (NCER 2007-2004). Washington, DC: National Center for

Education Research, Institute of Education Sciences, U.S. Department of Education. Retrieved from
http://ncer.ed.gov.


https://ies.ed.gov/ncee/wwc/Document/238
https://ies.ed.gov/ncee/wwc/Document/238
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/WWC2021006-Math-PG.pdf
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/WWC2021006-Math-PG.pdf
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/early_math_pg_111313.pdf
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/early_math_pg_111313.pdf
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/MPS_PG_043012.pdf
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/fractions_pg_093010.pdf
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/fractions_pg_093010.pdf
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/20072004.pdf
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/20072004.pdf

6. Halpern, D., Aronson, J., Reimer, N., Simpkins, S., Star, J., and Wentzel, K. (2007). Encouraging Girls in Math

and Science (NCER 2007-2003). Washington, DC: National Center for Education Research, Institute of
Education Sciences, U.S. Department of Education. Retrieved from http://ncer.ed.gov.

It should be noted that we are not recommending any single program, intervention, or strategy that may
have been evaluated by a study in the Practice Guides. Translating the WWC recommendations into
actionable strategies and materials for distribution will require additional mathematics instruction expertise
and a deep understanding of the population in need of services and supports.

Guides and Toolkits
The following additional guides from the Regional Education Laboratories (RELs) and the Institute for
Education Sciences (IES) were also referenced and synthesized in this work:

1. Institute for Education Sciences (2023). “How Educators and Caregivers Can Create Supportive Conditions for
Success in PreK-12 Mathematics.”

2. REL Appalachia (2019). “Community Math Night Facilitator Guide.” REL Appalachia.

3. REL Appalachia (n.d.). “Toolkit: Teaching Math to Young Children for Families and Caregivers.”
https://ies.ed.gov/ncee/rel/Products/Region/central/Resource/100652

4. REL Appalachia (n.d.). “Infographic: Supporting Your Child in Developing Math Skills For Future Success.”

https://ies.ed.gov/ncee/rel/infographics/pdf/REL AP _Supporting Your Child in_Developing Math Skills for F
uture_Success.pdf

Supporting Migratory Families
It is important to acknowledge the opportunity to appropriately adapt solutions for the needs and
challenges faced by migratory learners and families, including but not limited to:

e Multi-sibling or multi-generational households as families share living spaces to reduce expenses
e Separation from family, as some parents or siblings move to follow agricultural crops
e Low graduation / high dropout rates

e Limited English proficiency, with varying levels of literacy in both their native (majority Spanish) and
second language (English)

e Acute poverty, which leads to more health and educational disadvantages, including limited care,
resources, and materials, being overage in school yet not performing at grade level, and
disproportionate attendance at high-needs schools

e Large gaps in instructional and assessment time, with lack of educational continuity from school to
school, and often missing records of credits earned

e Parents/caregivers who are limited English proficient and have the lowest educational attainment
background of any occupational group (Martinez et al, 1994)


https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/20072003.pdf
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/20072003.pdf
http://ncer.ed.gov
https://ies.ed.gov/ncee/rel/regions/appalachia/pdf/RELAP_2-1-2-2_Cross-REL-Infographic_final.pdf
https://ies.ed.gov/ncee/rel/regions/appalachia/pdf/4_10_19_MathNights-REL-AP_FacilitatorsGuide_508.pdf
https://ies.ed.gov/ncee/rel/Products/Region/central/Resource/100652
https://ies.ed.gov/ncee/rel/infographics/pdf/REL_AP_Supporting_Your_Child_in_Developing_Math_Skills_for_Future_Success.pdf
https://ies.ed.gov/ncee/rel/infographics/pdf/REL_AP_Supporting_Your_Child_in_Developing_Math_Skills_for_Future_Success.pdf

e Parents/caregivers (or the student themselves) having labor-intensive, physically demanding, often
hazardous jobs, and sometimes multiple jobs leading to long hours away from home

e Living in isolation from their communities

e Inconsistent access to technology — both devices and internet connectivity — and often a lack of
proficiency with software platforms, login credentials, and user interfaces

e Psychological challenges that may stem from trauma, abuse, abandonment, deportation,
marginalization, forced labor or trafficking, or other adverse childhood experiences

These and other factors can complicate access to services and readiness to learn. Yet, we also endeavor to
take an asset-based approach, valuing the backgrounds and perspectives of migratory learners and
families as funds of knowledge that enrich their learning experience and their communities.



Results

Practice Guide Recommendations

The WWC Practice Guides offer many instructional techniques that require the expertise of a certified
educator for measurable impacts on achievement. However, some tactics outlined in the Guides have the
potential to be translated to an at-home setting by a parent/caregiver as facilitator, resulting in meaningful
mathematics learning experiences:

1.

9.

10.

1.

12.

Use a number line to facilitate the learning of mathematical concepts and
procedures, build understanding of grade-level material, and prepare students for
advanced mathematics. EVIDENCE LEVEL: STRONG

Teach children to view and describe their world mathematically.

Dedicate time each day to teaching math, and integrate math instruction
throughout the school day.

Assist students in monitoring and reflecting on the problem-solving process.
STRONG

Help students recognize that fractions are numbers and that they expand the
number system beyond whole numbers. Use number lines as a central
representational tool in teaching this and other fraction concepts from the early
grades onward.

Help students understand why procedures for computations with fractions make
sense.

Combine graphics with verbal descriptions.

Help students allocate study time efficiently; and #6a) Teach students how to use
delayed judgment of learning techniques to identify concepts that need further
study.

Teach students that academic abilities are expandable and improvable.
Provide prescriptive, informational feedback.
Expose girls to female role models who have succeeded in math and science.

Provide spatial skills training.

See Appendix A for a detailed summary of each of these Practice Guide recommendations.

For these recommendations, evidence of effectiveness is most-often demonstrated in an environment
where an expert (usually a certified teacher) is working with the students in the study. In the IMPACT grant,
parents implementing the activities will not be educators themselves and there is a higher risk of students
learning and/or practicing skills incorrectly if parents assume the role of teacher. Therefore,



parent-delivered activities are advised to be supplemental in nature, reinforcing what is taught during the
school day or providing enrichment, rather than activities in which concepts are introduced for the first time
or rehearsed/practiced without monitoring for error.

Additional Principles from Leading Research

The NRC Five Strands
In the 2001 report Adding It Up, the National Research Council (2001) enumerated five strands of
mathematical mastery”

1. Conceptual understanding: the comprehension of mathematical concepts, operations, and relations
2. Procedural fluency: skill in carrying out procedures flexibly, accurately, efficiently, and appropriately
3. Strategic competence: the ability to formulate, represent, and solve mathematical problems
4. Adaptive reasoning: the capacity for logical thought, reflection, explanation, and justification

5. Productive disposition: the habitual inclination to see mathematics as sensible, useful, and worthwhile,
coupled with a belief in diligence and one’s own efficacy. Further reading and resources:

m “Two Strategies to Help Your Child Learn to Love Math (Video)”.
m “Resources Educators Can Use and Share with Families to Promote a Mathematical Mindset.”

https://ies.ed.gov/ncee/rel/regions/appalachia/pdf/RELAP-6-2-1-3 Final-Math-Mindsets-Infographic_Appro
ved.pdf

m Institute for Education Sciences (2021). “Copy, Paste, Transpose: Math Anxiety Is More Common than You

https://ies.ed.gov/ncee/rel/Products/Region/northwest/Resource/60159
m REL Northwest (2017). “Two Classroom Strategies to Reduce Students’ Math Anxiety (Video).” Institute for

Education Sciences. https://www.youtube.com/watch?v=592WKZ0eKPO

The NCTM Process Standards

The National Council of Teachers of Mathematics (NCTM) has also articulated five standards for
mathematical practice to guide effective teaching and learning: problem solving, reasoning and proof,
communication, connections, and representation (NCTM, 2000).2

Beneath each standard below are additional research sources and suggestions for how parents might
participate in cultivating these skills:

1. Problem Solving: Students should build new mathematical knowledge through problem-solving and
apply it in various contexts.

! National Academies of Sciences, Engineering, and Medicine. 2001. Adding It Up: Helping Children Learn Mathematics. Washington,
DC: The National Academies Press. https://doi.org/1017226/9822.
2 National Council of Teachers of Mathematics (NCTM). 2000. Principles and standards for school mathematics. Reston, Va.: NCTM.


https://ies.ed.gov/ncee/rel/Products/Region/northwest/Resource/60160
https://ies.ed.gov/ncee/rel/regions/appalachia/pdf/RELAP-6-2-1-3_Final-Math-Mindsets-Infographic_Approved.pdf
https://ies.ed.gov/ncee/rel/regions/appalachia/pdf/RELAP-6-2-1-3_Final-Math-Mindsets-Infographic_Approved.pdf
https://ies.ed.gov/blogs/research/post/copy-paste-transpose-math-anxiety-is-more-common-than-you-think
https://ies.ed.gov/ncee/rel/Products/Region/northwest/Resource/60159
https://www.youtube.com/watch?v=592WKZ0eKP0

Potential Applications for Parents:

Encourage Exploration: Parents can present real-life problems that require mathematical
thinking, such as budgeting for a family outing or planning a garden layout. Research
suggests that children who engage in problem-solving activities develop a deeper
understanding of mathematical concepts Marici¢ & Stamatovic (2017).

Model Problem-Solving Strategies: Parents can demonstrate various problem-solving
strategies as they complete tasks of daily living, such as breaking down complex problems
(a recipe, for example) into smaller, manageable parts (measuring ingredients to double a
recipe, timing the cooking process, etc.). By verbalizing their thought processes, parents can
help children learn how to approach problems systematically (Moore, 2024).

2. Reasoning and Proof: Students should develop and evaluate mathematical arguments and understand
the reasoning behind them.

Potential Applications for Parents:

Ask Open-Ended Questions: Parents can stimulate reasoning by asking questions that
require children to explain their thinking. For example, instead of asking for the answer to a
math problem, parents can ask, "How did you arrive at that answer?" This practice
encourages children to articulate their reasoning and consider alternative solutions
(Shikwaya & Khuzwayo, 2024).

Encourage Justification: Parents can ask their children to explain their reasoning and
articulate their thought process when solving math problems. Research shows that
encouraging dialogue about reasoning enhances children's conceptual understanding
(Eason & Ramani, 2018; Calibara, 2024).

3. Communication: Students should communicate their mathematical thinking clearly and coherently to
peers, teachers, and others.

Potential Applications for Parents:

Engage in Math Conversations: Parents can initiate conversations about math in everyday
contexts, such as discussing the shapes of objects around the house or talking about
patterns in nature, or while shopping, parents can talk about prices, discounts, and
comparisons. This practice not only reinforces math concepts but also helps children
develop the language of mathematics (Kalayci & Ergul, 2020).

4. Connections: Students should recognize and use connections among mathematical ideas and
between mathematics and other disciplines.



Potential Applications for Parents:

Relate Math to Other Subjects: Parents can help children make connections between
math and other subjects, such as science, art, or music. For instance, discussing geometric
shapes in art, or patterns heard in music, can illustrate the interconnectedness of
mathematical concepts. Research shows that making these connections enhances
children's interest and engagement in math (Jameson & Fusco, 2014).

Use Real-World Applications: Encouraging children to apply math concepts to real-world
situations enhances their understanding and appreciation of mathematics. For example,
parents can involve children in cooking to explore measurements and fractions, or in
shopping to practice budgeting and calculating discounts. Exploring geometric shapes in
art or measuring ingredients in science experiments can help children appreciate the
interdisciplinary nature of math (Berkowitz et al., 2015).

5. Representation: Students should use representations to model and interpret mathematical
phenomena.

Potential Applications for Parents:

Encourage Multiple Representations: Parents can encourage children to represent
mathematical ideas in various ways, such as using drawings, diagrams, or physical objects.
Research indicates that using different representations can enhance understanding and
problem-solving skills (DiStefano et al., 2023; Westenskow et al., 2015).

Articles referenced:
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Appendix A. Practice Guide Recommendations

Practice Guide 1: Assisting Students Struggling with Mathematics:

Intervention in the Elementary Grades

Released March 2021

The following recommendation has been selected from this practice guide and labelled PRACTICAL,
indicating an educational activity that may be undertaken by parents and caregivers in an at-home or
out-of-school time setting, with little to no expectations for prerequisite mathematics knowledge or
instructional expertise.

Recommendation #4: Use the number line to facilitate the learning of mathematical

concepts and procedures, build understanding of grade-level material, and prepare
students for advanced mathematics. PRACTICAL

Evidence: Strong “based on 14 studies of the effectiveness of using number lines to facilitate the

learning of mathematical concepts and procedures. Eleven of the studies meet WWC group design
standards without reservations, and three studies meet WWC group design standards with
reservations” (WWC, p29).

Alignment: This practice is particularly aligned with the NRC’s strands of conceptual understanding
and strategic competence, and the NCTM’s process standards of problem solving, communication,
and connection.

Relevant Selected Components of this Recommendation:

Represent whole numbers, fractions, and decimals on a number line to build students’
understanding of numerical magnitude.

Compare numbers and determine their relative magnitude using a number line to help students
understand quantity.

Selected Techniques & Implementation Notes:

"Before using a number line, introduce students to a concrete version of a number line [such as] a
number path that students can walk, board games, or clotheslines; this may help students begin to
form a visual image of what a number line looks like. When using these number lines, focus on the
length of the units and the equivalency of the length unit. The distance between the positions of
zero and one establishes the length of the unit and is the same distance between all whole
numbers. After exposing students to the concrete number line with a series of individual units lined
up on a path, connect that idea to a number line on paper or projected on a screen” (WWC, p30).

“Characteristics of number lines using whole numbers:
o Each whole number on a number line is equidistant from the next whole number.


https://ies.ed.gov/ncee/wwc/PracticeGuide/26
https://ies.ed.gov/ncee/wwc/PracticeGuide/26
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/WWC2021006-Math-PG.pdf#page=36

o Whole numbers are represented in a predictable sequence.
o Number lines increase or decrease to infinity; you can always add or subtract one more unit.
o Display number lines with arrows on both ends to show that the units go infinitely in both
directions.
o The numbers increase in value as you move to the right, and numbers decrease in value as you
move to the left.
o Number lines can be presented with a pattern of numbers that represent numbers in a
predictable way (e.g., 0,10, 20,30 or O, 2, 4, 6, 8, 10).
o Number lines can be:
m 3D/concrete representations (e.g., Cuisenaire rods®, a thermometer, or a ruler),
m 2D/semi-concrete representations (e.g., a drawing of a number line, a picture of a ruler, a
scale on a thermometer, or a coordinate grid), or
m Virtual number lines on a screen or as a mental image in a student’s head” (WWC, p31).

| love https://clotheslinemath.com for number line ideas at a variety of skill

levels. ‘Clothesline’ number lines can be constructed in many accessible
ways, from painter’s tape across a table, or chalk on a driveway, or a string
tied to two chairs with some index cards folded in half and hung on the
line.

‘Walking the number line' is another accessible number line strategy with
the added benefit of kinesthetic and proprioceptive input for kids.
Activities such as the Number Line lesson described here involve walking
on a physical number line on the floor, as a learning partner reads a story
problem aloud. Students focus on how far to walk and in which direction
in relation to the quantities and required operations in the story. Students
can then write a number sentence that describes how they ‘walked the
number line' to solve the problem.

Rachel McGlynn

Mathematics Content Consultant to the Evidence Resource Center

Fuchs, L.S., Newman-Gonchar, R., Schumacher, R., Dougherty, B., Bucka, N., Karp, K.S., Woodward, J.,
Clarke, B., Jordan, N. C., Gersten, R., Jayanthi, M., Keating, B., and Morgan, S. (2021). Assisting Students
Struggling with Mathematics: Intervention in the Elementary Grades (WWC 2021006). Washington, DC:
National Center for Education Evaluation and Regional Assistance (NCEE), Institute of Education Sciences,
U.S. Department of Education. Retrieved from http://whatworks.ed.gov/.

Curation Notes:
e Recommendations 1, 3 and 5 were not selected due to instructional expertise required to
implement effectively.


https://clotheslinemath.com
https://www.pdesas.org/ContentWeb/Content/Content/5427/Lesson%20Plan
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/WWC2021006-Math-PG.pdf
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/WWC2021006-Math-PG.pdf

Recommendation #3 in this report, regarding concrete and
semi-concrete representations, is very powerful, but requires
instructional expertise. One way to support this may be within
Practice Guide 2, Recommendation 5, by providing a list of
suggested math tools and games it would be helpful to have at
home. Base 10 blocks, unifix/connecting cubes, dice, and fraction
strips are so valuable, and can often be found at a local yard sale.

Rachel McGlynn

Mathematics Content Consultant, PA Evidence Resource Center

Recommendation 2 was not selected due to required precision of language; see Practice Guide 2
Recommendation 4 for more information.

Recommendation 6 was deprioritized due to a reliance on correction of errors so as not to
practice poor habits.



Practice Guide 2: Teaching Math to Young Children

Released: November 2013

The following recommendations have been selected from this practice guide and labelled as either:
e influential, having the potential to influence the delivery, method, or technique used by the
IMPACT grant team to develop materials, or
e practical, indicating an educational activity that may be undertaken by parents and caregivers in
an at-home or out-of-school time setting, with little to no expectations for prerequisite
mathematics knowledge or instructional expertise.

Recommendation #4: Teach children to view and describe their world mathematically.
PRACTICAL

Evidence Level: Minimal based on “14 randomized controlled trials and 2 quasi-experimental studies
that met WWC standards and examined the effects of interventions designed to help children view and
describe their world mathematically. The studies supporting this recommendation were conducted in
preschool, prekindergarten, and kindergarten classrooms. [...] Some interventions provided specific
math vocabulary words and suggestions for stories, songs, or questions that supported children in
learning to view and describe their world mathematically. Studies examining these interventions found
positive effects in the general numeracy, basic number concepts, and geometry domains. In two
studies, math conversation, whether with a peer or an adult, resulted in higher math achievement. The
panel concluded that the body of evidence assessed in relation to Recommendation 4 was promising.
However, it was not sufficient to warrant a moderate evidence rating as the panel could not attribute
the effects solely to Recommendation 4” (WWC, p42-43).

Alignment: This practice is particularly aligned with the NRC’s strands of conceptual understanding
and productive disposition, and the NCTM'’s process standards of communication and

representation.

Relevant Selected Components of this Recommendation:

e Help children link formal math vocabulary, symbols, and procedures to their informal knowledge or
experiences.

e Use open-ended questions to prompt children to apply their math knowledge.

e Encourage children to recognize and talk about math in everyday situations.

Selected Techniques & Implementation Notes:



https://ies.ed.gov/ncee/WWC/PracticeGuide/18
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/early_math_pg_111313.pdf#page=48

It should be specifically noted that the first how-to-implement section
was disqualified during our analysis. There can be confusion that comes
from using incorrect vocabulary, mnemonic devices, and “hacks” when
talking about math, and parents may find that they unknowingly
perpetuate conversations about “rules that expire,” such as this article
describes.

A common example is the tendency adults have to refer to numbers as
"bigger" or "smaller", when they often mean "greater than" and "less
than" "Bigger" and "smaller" refer to absolute value, or distance from zero
— 7 is bigger than 4 because it is further from zero on the number line.
"Greater than" and "less than" refer to directionality on a number line -7 is
greater than -10 because it is further to the right on the number line than
-10. But -10 is bigger than 7 because it is further from zero.

While encouraging families to help students view the world
mathematically by using mathematical descriptors, educators will need
to proactively support the development of math vocabulary and correct
misconceptions, perhaps particularly where English is not a strength and
language may be less precise.

Rachel McGlynn

Mathematics Content Consultant, PA Evidence Resource Center

“Math conversations can happen spontaneously as teachers comment about natural occurrences
that involve numbers or other math concepts. For example, teachers can make a comment about
which child is standing ‘first’ in line or which child has ‘more’ or ‘fewer’ objects than another child.
As another example, while the child is drawing a picture of his or her family, a discussion could
focus on the ‘number’ of family members and who is ‘older’ or ‘younger” (WWC, p44).

PRACTICAL


https://www.nctm.org/Publications/teaching-children-mathematics/2014/Vol21/Issue1/tcm2014-08-18a_pdf/
https://www.nctm.org/Publications/teaching-children-mathematics/2014/Vol21/Issue1/tcm2014-08-18a_pdf/

There are many available resources for promoting mathematical
discourse in the classroom and for families. | like these “Math Discourse”
Cards.

You'll also notice that in the introduction to these cards, they promote a
dialogue that emphasizes growth mindset, with techniques like

giving praise for effort and determination, rather than for being smart or
‘good at math'. These themes will reappear later in this series of
Recommendations, with Practice Guide #6.

Rachel McGlynn

Mathematics Content Consultant, PA Evidence Resource Center

e Examples of open-ended questions are provided in Table 8 (p. 45), including:
o “How are these the same/different?
o What can you use (in the block area) to make a pattern?
o What patterns do you see (on the seashells in the science center)?
o How could we change this pattern to make a new one?
o How can we find out who is taller or shorter?
o What can we use to find out...?
o What can we do to find out who has more/fewer?
o How else can you show it?
o How does it show what we know?” (WWC, p45).


https://core-docs.s3.amazonaws.com/documents/asset/uploaded_file/1759/slpsb/2365429/ready-math-discourse-cards-for-families-2021.pdf
https://core-docs.s3.amazonaws.com/documents/asset/uploaded_file/1759/slpsb/2365429/ready-math-discourse-cards-for-families-2021.pdf

In the last few years, a movement has grown to incorporate "notice" and
"wonder" as an instructional routine/questioning strategy to spark
curiosity and engagement in math. A picture or scenario could be
presented to students, and then the simple questions, "What do you
notice?" and "What do you wonder?" are posed, with ample time to think
and encouragement for all to respond. This strategy encourages all
learners to participate, to build motivation to problem-solve, and to
engage regardless of coommunication styles or competency with
prerequisite math skills.

A family could incorporate these questions during everyday experiences
at home, and model mathematical observation/wonderings:

Observing the weather: "It's been raining for a long time now.
Look at how the water is starting to fill up the flower pots outside
our window and make puddles in the grass. | wonder how much
rain has fallen so far? | wonder how we could measure it? What do
you notice about the rain falling outside? What do you wonder
about it?"

Visiting the library: "Look at all the books on the shelves here at
the library. | wonder how many books are red? | wonder what is
the most popular book size? | wonder which books get picked the
most? | notice there are lots of signs and numbers on the shelves.
| notice that some books are displayed on top of the shelves.
What do you notice? What do you wonder?"

The key is to open up curiosity and encourage observation. There's no
wrong answer! The more you hear/see someone else model their own
noticings and wonders, the more your mind is opened to think more
flexibly about the world around you.

Rachel McGlynn

Mathematics Content Consultant, PA Evidence Resource Center

Explore the REL's one-pager on this topic:
https://www.michigan.gov/-/media/Project/Websites/mde/2021/02/12/REL-MDE-Math-Math-World.p
df?rev=92090ffd3cbc47a994e39a6c03d5389c¢

A toolkit of videos, activities, and resources has been developed by REL Appalachia and includes
specific resources related to the practice of “Viewing and Describing the World Mathematically”:
https://ies.ed.gov/ncee/rel/Products/Region/central/Resource/100652/5



https://www.nctm.org/noticeandwonder/
https://www.nctm.org/noticeandwonder/
https://www.michigan.gov/-/media/Project/Websites/mde/2021/02/12/REL-MDE-Math-Math-World.pdf?rev=92090ffd3cbc47a994e39a6c03d5389c
https://www.michigan.gov/-/media/Project/Websites/mde/2021/02/12/REL-MDE-Math-Math-World.pdf?rev=92090ffd3cbc47a994e39a6c03d5389c
https://ies.ed.gov/ncee/rel/Products/Region/central/Resource/100652/5

Recommendation #5: Dedicate time each day to teaching math, and integrate math
instruction throughout the school day. PRACTICAL

Evidence Level: Minimal “based on their expertise and 18 randomized controlled trials and 2
quasi-experimental studies that met WWC standards and examined the effects of interventions that
included dedicated time for math instruction, integration of math into other aspects of the school day,
and use of games to practice math skills. Children in the studies attended preschool, prekindergarten,
and kindergarten” (WWC, p47).

Alignment: This practice is particularly aligned with the NRC’s strands of conceptual understanding,
procedural fluency and adaptive reasoning, and the NCTM’s process standards of problem solving,
communication, and connections.

Relevant Selected Components of this Recommendation:

Note: While the evidence to support these recommendations is from an instructional setting, the
theory of action is that by implementing these non-instructional math strategies within a home setting,
a similar impact may be realized.

Embed math in classroom routines and activities.

Highlight math within topics of study across the curriculum.

Create a math-rich environment where children can recognize and meaningfully apply math.

Use games to teach math concepts and skills and to give children practice in applying them.

Selected Techniques & Implementation Notes:

e “Routines such as taking attendance can serve a math purpose in addition to a practical one. For
example, teachers can engage children in using tally marks, beads, abacuses, or other markers to
count how many girls, boys, and total children are in the classroom. After the count is decided, the
teacher can extend math thinking by saying, for example, “We have 8 girls and we have 10 boys.
We have 18 children all together: 8 plus 10 equals 18.” The class could then display the results of
attendance for several days using a chart that has columns or rows titled with the days of the
week or a pie chart with the number of slices in the pie matching the total number of children in
the class on a particular day” (WWC, p50).

e “Teachers can also engage children in other everyday activities that may have a math component.
For example, teachers can have children answer a yes/no “question of the day” every day.
Children can then record how many of their classmates said “yes” and how many said “no” in a
graph and compare the two numbers. Example 10 describes an opportunity to reinforce math
concepts during snack time, another routine activity” (WWC, p50).

e “Teachers can point out opportunities to count objects, examine shapes, analyze data, or measure
objects (depending on the current math objectives and where children are in the developmental
progressions for these content areas). During literacy time, for example, when reading a story, the
teacher can ask questions that encourage children to solve a math problem based on the story”
(WWC, p51).


https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/early_math_pg_111313.pdf#page=53
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/early_math_pg_111313.pdf#page=56
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/early_math_pg_111313.pdf#page=56

e “Teachers can provide opportunities for children to see and use math concepts regularly by
creating a math-rich classroom environment. This enrichment can be done by making
math-related objects and tools readily available, labeling and organizing math-related objects and
tools so they are easy to find and use, and organizing activities and routines with numeric
systems” (WWC, p52).

e “Teachers can explicitly teach children how to use tools by modeling their use during small- or
large-group time. For example, the teacher can use shapes or blocks to demonstrate how a
rectangle and a triangle can be combined to make a house. As another example, the teacher can
bring different types of measuring tools to circle time to demonstrate how to use tools to measure
objects of varying sizes (e.g., placing the ruler next to the object to be measured, with the end of
the ruler at one end of the object, then reading the number closest to the opposite edge of the
object). Teachers can place tools, such as number lists, rulers, and scales, at eye level for
children” (WWC, 53).

e “Teachers can also involve children in labeling and organizing the environment as much as
possible” (WWC, p53).

e “Games can provide an engaging opportunity to practice and extend skills. If children have fun
playing the games, they are more likely to be motivated to practice math. ... Some math concepts
may also be highlighted in games that come up during natural play, such as hopscotch or jump
rope” (WWC, p54).

e Explore the REL’s one-pager on this topic:

https://www.michigan.gov/-/media/Project/Websites/mde/2021/02/12/REL-MDE-Math-Int-Math.pdf?
rev=9393813e725a46f49b98b1b26d6f78d7

e A toolkit of videos, activities, and resources has been developed by REL Appalachia and includes
specific resources related to the practice of “Supporting Math Throughout the Day”:
https://ies.ed.gov/ncee/rel/Products/Region/central/Resource/100652/4

Frye, D., Baroody, A. J., Burchinal, M., Carver, S. M., Jordan, N. C., & McDowell, J. (2013). Teaching math to
young children: A practice guide (NCEE 2014-4005). Washington, DC: National Center for Education
Evaluation and Regional Assistance (NCEE), Institute of Education Sciences, U.S. Department of Education.
Retrieved from the NCEE website: http://whatworks.ed.gov

Curation Notes:
e Recommendations 1, 2, 3 were not selected due to instructional expertise required to implement
and reinforce effectively.


https://www.michigan.gov/-/media/Project/Websites/mde/2021/02/12/REL-MDE-Math-Int-Math.pdf?rev=9393813e725a46f49b98b1b26d6f78d7
https://www.michigan.gov/-/media/Project/Websites/mde/2021/02/12/REL-MDE-Math-Int-Math.pdf?rev=9393813e725a46f49b98b1b26d6f78d7
https://ies.ed.gov/ncee/rel/Products/Region/central/Resource/100652/4
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/early_math_pg_111313.pdf
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/early_math_pg_111313.pdf

Practice Guide 3: Improving Mathematical Problem Solving in Grades 4

Through 8
Released: May 2012

The following recommendations have been selected from this practice guide and labelled as practical,
indicating an educational activity that may be undertaken by parents and caregivers in an at-home or
out-of-school time setting, with little to no expectations for prerequisite mathematics knowledge or
instructional expertise.

Recommendation #2: Assist students in monitoring and reflecting on the
problem-solving process. PRACTICAL

Evidence Level: Strong “Several studies with diverse student samples directly tested this
recommendation and consistently found positive effects. As a result, the panel determined there was
strong evidence to support this recommendation. The relevant studies examined students’
mathematics achievement in different content areas, including numbers and operations, data analysis
and probability, algebra, and geometry. Two studies found that providing students with a task list that
identified specific steps to solving problems resulted in better student achievement. Two additional
studies found that a self-questioning checklist improved achievement, and in one study, this effect
persisted for at least four months after instruction ended; however, both studies included additional
instructional components (visual aids and multiple-strategy instruction) that may have produced the
positive results. Similarly, five studies found that student performance improved when teachers
modeled a self-questioning process and then asked students to practice it” (WWC, p18).

Alignment: This practice is particularly aligned with the NRC’s strands of procedural fluency and
adaptive reasoning, and the NCTM'’s process standards of problem solving and reasoning and proof.

Relevant Selected Components of this Recommendation:
® Provide students with a list of prompts to help them monitor and reflect during the problem-solving
process.

It may be helpful for parents to be specifically informed that standardized
math testing requires written answers in order to receive full credit.
Simply writing the correct answer to an equation without an explanation
would not allow for a proficient score on a standardized math
assessment, particularly in the secondary grades. Parents can support
this skill by asking these kinds of questions, even when the child is
answering problems correctly.

Rachel McGlynn

Mathematics Content Consultant, PA Evidence Resource Center


https://ies.ed.gov/ncee/WWC/PracticeGuide/16
https://ies.ed.gov/ncee/WWC/PracticeGuide/16
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/MPS_PG_043012.pdf#page=23

Selected Techniques & Implementation Notes:
“The following are examples of the kinds of questions that a teacher can use as prompts to help
students monitor and reflect during the problem-solving process:
e What is the story in this problem about?
What is the problem asking?
What do | know about the problem so far? What information is given to me? How can this help me?
Which information in the problem is relevant?
In what way is this problem similar to problems | have previously solved?
What are the various ways | might approach the problem?
Is my approach working? If | am stuck, is there another way | can think about solving this problem?
Does the solution make sense? How can | verify the solution?
Why did these steps work or not work?
What would | do differently next time?” (WWC, p19).

One frequent prompt seen on standardized tests is simply, "Explain."
Teachers often struggle to help students understand how to respond to
this one-word prompt in writing. While some of the questions on this list
may be more complicated when translated into various languages,
perhaps a simple addition is just this prompt: "Explain".

Rachel McGlynn

Mathematics Content Consultant, PA Evidence Resource Center

Woodward, J., Beckmann, S., Driscoll, M., Franke, M., Herzig, P., Jitendra, A., Koedinger, K. R., & Ogbuehi, P.
(2012). iImproving mathematical problem solving in gr 4 thr

2012-4055). Washington, DC: National Center for Education Evaluation and Regional Assistance, Institute
of Education Sciences, U.S. Department of Education. Retrieved from http://
ies.ed.gov/ncee/wwc/publications_reviews.aspx#pubsearch/.

Curation Notes:
e Recommendation 1, 3, 4, and 5 were not selected due to instructional complexity.


https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/MPS_PG_043012.pdf
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/MPS_PG_043012.pdf

Practice Guide 4: Developing Effective Fractions Instruction for

Kindergarten Through 8th Grade

Released: September 2010

The following recommendations have been selected from this practice guide and labelled as either:

influential, having the potential to influence the delivery, method, or technique used by the
IMPACT grant team to develop materials, or

practical, indicating an educational activity that may be undertaken by parents and caregivers in
an at-home or out-of-school time setting, with little to no expectations for prerequisite
mathematics knowledge or instructional expertise.

Recommendation #2: Help students recognize that fractions are numbers and that

they expand the number system beyond whole numbers. Use number lines as a
central representational tool in teaching this and other fraction concepts from the
early grades onward. PRACTICAL

Evidence: Moderate “These studies used number line representations to teach preschool and early
elementary students about the magnitudes of whole numbers. An additional study showed how
number lines can be used to teach decimals successfully. All of these studies met WWC evidence
standards. Moreover, accuracy in locating whole numbers on number lines is related to mathematical
achievement among students in kindergarten through 4th grade, and accuracy in locating decimals on
number lines is related to classroom mathematics grades among 5th- and 6th-graders. The panel
believes that given the applicability of number lines to fractions as well as whole numbers, these
findings indicate that number lines can improve learning of fractions in elementary and middle school.

“Number lines with whole numbers. Playing a linear board game with whole numbers for about one hour
(four 15-minute sessions over a two-week period) improved understanding of numerical magnitudes by
preschoolers from low-income backgrounds. The game involved moving a marker one or two spaces at a
time across a horizontal board that had the numbers 1to 10 listed in order from left to right in consecutive
squares. Two additional studies showed the value of other number line procedures for improving
knowledge of whole number magnitudes. Estimating the locations of 10 numbers on a 0-to-100 number line
improved 1st-graders’ ability to locate whole numbers on the humber line; and showing 1st-grade students
the addends and sums of addition problems on a number line increased the likelihood that students
correctly answered the problems later.

“Number lines with decimals. In another study, number lines were used to teach decimal concepts to 5th-
and 6th-grade students. The teaching technique involved providing students with practice locating
decimals on a number line divided into tenths and with a prompt to notice the tenths digit for each number.
These students were later more accurate in locating decimals on a number line than students whose
number lines were not divided into tenths and did not receive prompts. For all students in the study, a
before-and-after comparison showed that conceptual understanding of fractions improved after locating
decimals on a number line. This last finding is suggestive evidence, because there is no comparison group
of students who did not use a number line. Another study examined a Dutch curriculum that used number
lines and measurement contexts to teach fractions. Students in the treatment group located and compared
fractions on a number line and measured objects in the classroom using a strip that could be folded to


https://ies.ed.gov/ncee/WWC/PracticeGuide/15
https://ies.ed.gov/ncee/WWC/PracticeGuide/15
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/fractions_pg_093010.pdf#page=25

measure fractional parts. Although this study did not meet WWC evidence standards, the authors reported
positive effects on middle school students’ number sense with fractions.

Two additional studies that were not eligible for review found mixed results of using a number line to teach
fraction concepts. Both studies noted challenges that students face in understanding fractions on number
lines. For example, one study reported that students had difficulty finding equivalent fractions on a number
line partitioned into smaller units (e.g., finding 1/3 on a number line divided into sixths). Other evidence that
is consistent with the recommendation includes a study showing the relation between skill at estimating
locations of decimals on a number line and math grades for 5th- and 6th-grade students, and a
mathematician’s analysis indicating that learning to represent the full range of numbers on number lines is
fundamental to understanding numbers” (WWC, p20-21).

Alignment: This practice is particularly aligned with the NRC’s strands of conceptual understanding
and the NCTM’s process standards of problem solving and connections.

Relevant Selected Components of this Recommendation:
e Use measurement activities and number lines to help students understand that fractions are
numbers, with all the properties that numbers share.

The website https:/clotheslinemath.com is a great resource for practical

examples of what this could look like at home.

Rachel McGlynn

Mathematics Content Consultant, PA Evidence Resource Center

Recommendation #3: Help students understand why procedures for computations
with fractions make sense. INFLUENTIAL

Evidence: Moderate “The panel based this recommendation in large part on three well-designed
studies that demonstrated the effectiveness of teaching conceptual understanding when developing
students’ computational skill with fractions. These studies focused on decimals and were relatively
small in scale; however, the panel believes that their results, together with extensive evidence showing
that meaningful information is remembered much better than meaningless information, provide
persuasive evidence for this recommendation.

“The panel also identified evidence that specifically addressed two of the four steps for implementing
this recommendation:

“Use of representations. Evidence identified by the panel supports the recommended practice of using
visual representations and manipulatives during instruction on fraction computation (Step 1). Two
well-designed studies found that the use of manipulatives and pictorial representations had a positive effect
on computational skill with fractions. One of these studies focused on fraction circles (sets of circles, in which
the first is a whole circle, the second is divided in half, the third is divided in thirds, etc.). The other study had


https://clotheslinemath.com
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/fractions_pg_093010.pdf#page=32

students use a variety of manipulatives for learning computational procedures with fractions, including
fraction squares and fraction strips. A third study examined the Rational Number Project curriculum, which
emphasizes the use of manipulatives as one of many components. The authors of the study reported that
the curriculum had a positive effect on fraction computation abilities. However, manipulatives were only one
component of this multifaceted curriculum, and the study provided insufficient information for the WWC to
complete a review, so the conclusions that can be drawn from the study regarding the role of manipulatives
are limited.

“Real-world contexts. The panel identified evidence related to the use of real-world contexts for improving
skill at executing computational procedures with fractions (Step 4). In one of the studies, personalizing
problems for 5th- and 6th-grade students improved their ability to solve division problems with fractions. The
other study found that posing problems in everyday contexts improved 11- and 12-year-old students’ ability to
order and compare decimals. Additional studies argued for the use of real-world contexts for teaching
procedures for computing with fractions but did not provide rigorous evidence that such instruction causes
improvement in fraction computation” (WWC, p27).

Alignment: This practice is particularly aligned with the NRC’s strands of conceptual understanding
and the NCTM’s process standards of problem solving and connections.

Relevant Selected Components of this Recommendation:
1. Provide opportunities for students to use estimation to predict or judge the reasonableness of
answers to problems involving computation with fractions.
2. Present real-world contexts with plausible numbers for problems that involve computing with
fractions.

Selected Implementation Notes:

e When teaching procedures for computing with fractions, teachers should provide opportunities
for students to estimate the solutions to problems. Estimation requires students to use
reasoning skills and thus leads them to focus on the meaning of procedures for computing with
fractions. Teachers can ask students to provide an initial estimate and to explain their thinking
before having them compute the answer. Students, in turn, can use the estimates to judge the
reasonableness of their answers. To improve estimation skills, teachers can discuss whether and
why students’ solutions to specific problems are reasonable; they also can ask students to
explain the strategies they used to arrive at their estimates and compare their initial estimates to
the solutions they reached by applying a computational algorithm” (WWC, p30).

Increasing students' estimation skills is a powerful way to support their
number sense. Parents can encourage students to make reasonable
estimates in real-life situations. Estimation 180 is a great resource for
classrooms to spark these conversations, but could be used to spark
conversations at home as well.

Rachel McGlynn

Mathematics Content Consultant, PA Evidence Resource Center


https://estimation180.com/

e Estimation is likely to be most useful with problems in which a solution cannot be computed
quickly or easily. There is no point asking students to estimate the answer to a problem that can
be solved quickly and accurately by mental computation” (WWC, p31).

e “Presenting problems with plausible numbers set in real-world contexts can awaken students’
intuitive problem-solving abilities for computing with fractions. The contexts should provide
meaning to the fraction quantities involved in a problem and the computational procedure used
to solve it. Real-world measuring contexts, such as rulers, ribbons, and measuring tapes, can be
useful, as can food—both discrete items (e.g., cartons of eggs, boxes of chocolates) and
continuous ones (e.g., pizzas, candy bars). Students themselves can be a helpful source of ideas
for relevant contexts, allowing teachers to tailor problems around details that are familiar and
meaningful to the students. School events, such as field trips or class parties, track and field
days, and ongoing activities in other subjects, also can serve as engaging contexts for problems’
(WWC, p33).

Note: Creating meaningful examples and scenarios helps math feel relevant to a student, their
family, and their reality. Teachers should be cognizant of creating math problem scenarios that allow
students to see themselves and their world in the exercise.

It is helpful to review word problems in published math materials for their
relevance to the students, and make helpful revisions or provide more
context/establish more prior knowledge for students.

| once supported an Algebra teacher who was struggling to help his
students answer a problem. The context of the problem was renting a
moving truck, and graphing an equation for the costs of the rental. |
asked him to poll the class on whether any of them had ever gone with
an adult to rent a truck, and participated in a discussion on how the
pricing structure works for a truck rental. Not surprisingly, this was not a
relevant scenario for his entire group of 9th graders. They had no idea
that you pay a standard fee for the rental for the first x number of hours,
and then an additional hourly fee beyond the initial set of hours. But they
were familiar with a scenario that involved purchasing an app for a device
for a one-time fee, and then paying for additional monthly features or
in-app purchases. Taking the time to consider the relevance of the
context to your audience is well worth it for the sake of building curiosity
and motivation needed to solve the problem!

Rachel McGlynn

Mathematics Content Consultant, PA Evidence Resource Center



Siegler, R., Carpenter, T., Fennell, F., Geary, D., Lewis, J., Okamoto, Y., Thompson, L., & Wray, J. (2010).
Developing effective fractions instruction for kindergarten through 8th grade: A practice guide (NCEE
#2010-4039). Washington, DC: National Center for Education Evaluation and Regional Assistance, Institute
of Education Sciences, U.S. Department of Education. Retrieved from whatworks.ed.gov/
publications/practiceguides

Curation Notes:
® Recommendations 4 and 5 were not selected due to instructional expertise required.


https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/fractions_pg_093010.pdf
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/fractions_pg_093010.pdf

Practice Guide #5: Organizing Instruction and Study to Improve Student

Learning
Released: September 2007

The following recommendations have been selected from this practice guide and labelled as either:
e influential, having the potential to influence the delivery, method, or technique used by the
IMPACT grant team to develop materials, or
e practical, indicating an educational activity that may be undertaken by parents and caregivers in
an at-home or out-of-school time setting, with little to no expectations for prerequisite
mathematics knowledge or instructional expertise.

Recommendation #3: Combine graphics with verbal descriptions. INFLUENTIAL

Evidence Level: Moderate “Many laboratory experiments provide support for the benefits of
combining graphical presentations and verbal descriptions of key processes and concepts. Some
classroom experiments and quasi-experiments provide further evidence that the recommendation can
be practically and effectively implemented in real courses at the K-12 and college levels. ... These
studies emphasize that it is important that text descriptions appear near the relevant elements in visual
representations to best enhance learning. In addition, students learn more when the verbal description
is presented in audio form rather than in written text, probably because a learner cannot read text and
scrutinize an accompanying graphic at the same time. It should be noted that current evidence
suggests that a well-chosen sequence of still pictures with accompanying prose can be just as
effective in enhancing learning as narrated animations” (WWC, p13).

The benefits of interleaving graphics and verbal description have also been demonstrated for certain
kinds of mathematics instruction. Researchers have found that adding a number-line visualization to
mathematics instruction significantly improved learning. Students required to use a number line while
performing addition and subtraction of signed numbers showed better learning than students who
solved equations without the number line. Classroom studies of this approach have demonstrated
large student learning improvements in mathematics at the elementary, middle, and high school
levels” (WWC, p13).

Alignment: This practice is particularly aligned with the NRC’s strand of conceptual understanding
and procedural fluency, and the NCTM’s process standard of representation.

Relevant Selected Components of this Recommendation:

e When teaching students about processes and procedures that can be well represented through
pictures, figures, charts, video clips, or other graphic formats, teachers should combine verbal
description of the key steps in a process with graphical representations that illustrate these steps.

o Such visual representations should be integrated with verbal descriptions that help students
focus on where to look and on what is being illustrated.

o When visual representations are used in text materials or written handouts, they should
include brief text that labels unfamiliar objects and describes steps in the process being


https://ies.ed.gov/ncee/WWC/PracticeGuide/1
https://ies.ed.gov/ncee/WWC/PracticeGuide/1
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/20072004.pdf#page=24

illustrated. These descriptions should be positioned as close as possible to the parts of the
visualization being described and help students identify what specifically they should be
looking at.

o When visual representations are used in lecture or multimedia, it is useful to describe the
objects and processes in speech while simultaneously indicating the relevant parts of the
visual representations.

o To enhance learning, teachers should choose pictures, graphs, or other visual representations
carefully. The visual representations need to be relevant to the processes or concepts that
are being taught.

o Sometimes a more abstract or schematic picture will best illustrate a key idea, whereas a more
photorealistic graphic may actually distract the learner with details that are irrelevant to the
main point.

o Animations may sometimes add interest value, but a well-chosen sequence of still pictures is
often as, or more, effective in enhancing learning.

o Graphics in mathematics can help students make connections between mathematical symbols
and procedures and the quantities and relations they represent. Such connections are the
basis for conceptual understanding.

o Finally, graphics can be used to help students understand abstract ideas.

o Authentic situations can be portrayed through stories, real world problem scenarios, or movie
clips and used to convey abstract concepts.

o When using multiple visual representations of an abstract concept, teachers should draw
students’ attention to the components of the visualization that are relevant to the abstract
concept so that students understand that the same core idea is being expressed in multiple
ways (WWC, p14).

All of these recommendations further bolster language development,
support for English language learners, and strengthen reading
comprehension as well.

Research-based practices for teaching vocabulary, often more present in
reading research, are certainly applicable to math. Erayver-model type
work is one technique for math vocabulary, including examples and
non-examples, pictures, and graphics with labels. Many will recommend
students keeping a_ math journal or interactive notebook, where they do
this type of vocabulary work.

Rachel McGlynn

Mathematics Content Consultant, PA Evidence Resource Center

Selected Implementation Notes:
e “When preparing instructional materials or homework assignments, teachers should attend to the
physical alignment of the graphs or figures and their matching verbal description” (WWC, p14).


https://iris.peabody.vanderbilt.edu/module/sec-rdng/cresource/q2/p07/
https://iris.peabody.vanderbilt.edu/module/sec-rdng/cresource/q2/p07/
https://www.edutopia.org/article/how-math-journals-help-students-process-their-learning

Recommendation #6: Help students allocate study time efficiently; and #6a) Teach
students how to use delayed judgment of learning techniques to identify concepts
that need further study. PRACTICAL

Evidence Level: Low “The panel judges the level of evidence supporting this recommendation to be
low because the body of evidence supporting this recommendation is primarily experimental research
completed in the laboratory using academic content rather than in classroom experiments. The
research provides direct evidence supporting causal links between delayed judgments of learning and
accurate assessments of knowledge, delayed keyword generation and accurate assessments of
knowledge, and links between accurate assessments of knowledge, study behavior, and improved
performance on tests. Research has been completed both with college students and school-aged
children” (WWC, p23).

Alignment: This practice is particularly aligned with the NRC’s strand of procedural fluency and
adaptive reasoning, and the NCTM’s process standard of connections.

Relevant Selected Components of this Recommendation:
e Use the cue-only judgment of learning procedure in a study session during class time.
e After several opportunities to use this study technique during class, then teach students how to
use the cue-only judgment of learning procedure when they are studying independently at home
or in the library.

The cue-only judgment of learning method—described in detail in the
Practice Guide here—could be offered as a technique for parents to help
structure and guide study at home.

Students could also be encouraged to make flashcards from key
concepts, and sort them into piles based on a judgment of their learning
(“How likely on a scale of 100 am | to get this right on a quiz?"), then study
again the concepts of which they are unsure.

This approach would not require parents to know the answers to the
math problems being practiced, but instead to engage and support their
learner in studying well and building their confidence.

Selected Implementation Notes:
e “Much research has been conducted on the ability to judge how well one has learned new
knowledge or skills—what psychologists call ‘metacognition.’ This research finds that, without
training, most learners cannot accurately judge what they do and don’t know, and typically


https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/20072004.pdf#page=34
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/20072004.pdf#page=34
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/20072004.pdf#page=34

overestimate how well they have mastered material when they are finished studying. This
‘illusion of knowing’ is reflected in the assertion that many students make after they receive a poor
grade on a test: ‘But | studied so hard. | thought | really knew the material cold. How could | have
failed?”(WWC, p23).

“There have been only a few studies investigating the development of study strategies based on
children’s knowledge of what they do and do not know. But the results are consistent in indicating
that while younger children may know what they know, they often fail to put that knowledge to
use in their choice of what to study. In one study, 7-year-old, 9-year-old, and college-aged
students studied pictures, recalled, and then chose half of the pictures for restudy. While the
9-year-olds and college students chose items not recalled correctly on the first trial, the younger
children ignored their first trial performance in their selection. Similar age-related differences in the
allocation of study time have also been seen in other studies with children. Finally, when children in
grades 3 and 5 were asked to make judgments of learning first and to then choose what they
wanted to study—even though both groups of children were able to identify what they did and did
not know—the younger children were more likely to choose items for restudy randomly, while the
older children chose those items they knew they did not know. These researchers included a
second part to the experiment— either honoring or dishonoring the children’s own choices.
Honoring the choices only helped their eventual test performance when the children had chosen
appropriately—namely, when they chose to study the items they knew they did not know. Thus,
accurate identification of items that are known and unknown can be used to improve learning
over time” (WWC, p24).

It may be helpful for parents to know that children’s overestimation of
their knowledge, or their ‘illusion of knowing,’ can contribute to
insufficient studying or an inability to judge if/iwhen they understand
something. This tendency can be displayed as early as preschool and
persist into adolescence and adulthood.

There are some questions that could be asked to help a child engage in
more metacognition, and help them break this ‘illusion of knowing'.
Rather than asking a simple, “Did you get your homework done?”, a
guestion might be: “What did you learn from that assignment?”; “Did you
feel confident doing tonight's worksheet, or was it more of a struggle?”;
“Can you explain that problem to me?”; or “What does that formula do?".
By thinking about these things, students may reveal to themselves their
true level of confidence with the material. These questions are also in
support of the evidence-based recommmendation to have deeper math
conversations, and to help students monitor their own progress.

Importantly, this kind of questioning does not require a parent to be able
to correct errors. But, if the student is showing signs of struggle in their
answers, a parent could support them further with, “Why don't you



practice one more problem, to be really sure you've got this,” or “Let’s ask
your teacher to go over this skill with us again.”

Parents can also ask questions that help them determine where students
are or should be in the learning process for a particular skill, such as “Is
this a brand new concept or idea? or have you been working on this for a
while now?”

There is much research to support that students make greater gains
when they are meaningfully involved in monitoring their own progress, as
is described in Practice Guide 3, Recommendation 2. A big part of being
able to know your own strengths and weaknesses with the material is
being involved in receiving and responding to feedback throughout the
learning cycle. Math instructional supports, such as Spring Math, have
students work on regular fluency practice while also practicing
verbalizing their strategy with a partner, using incremental rehearsal to
practice trouble spots, making corrections in response to feedback,
tracking their own progress, and setting and monitoring their own goals.

Considering migratory families’ potential limited ability to check, correct,
or grade students’ practice/homework, one way parents might get
involved in this evidence-based recommmendation is to help students
process the feedback they receive from their teacher. For example, when
a graded test or assignment is brought home, asking students about the
guestions they got wrong may help them to appraise their performance
and take action. A parent might ask: “Do you know what went wrong on
problem #3?" or “What skill do you think you struggled with the most on
this test? Let's see if your teacher can go over that with you before the
next test.” For older students, “What patterns do you notice in your
errors? What kind of support do you think would help you to do better in
the future? Do you think this really shows what you know?”

Pashler, H., Bain, P., Bottge, B., Graesser, A., Koedinger, K., McDaniel, M., and Metcalfe, J. (2007) Organizing

ion an Improv nt Learning (NCER 2007-2004). Washington, DC: National Center
for Education Research, Institute of Education Sciences, U.S. Department of Education. Retrieved from
http://ncer.ed.gov.

Curation Notes:


https://www.evidenceforpa.org/strategies/springmath
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/20072004.pdf
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/20072004.pdf

e Recommendations 4 and 5 were not selected due to instructional expertise required, as well as
the use of assessments.
e Recommendation 7 was not selected due to the necessary level of content expertise.



Practice Guide #6: Encouraging Girls in Math and Science
Released September 2007

The following recommendations have been selected from this practice guide and labelled as either:
e influential, having the potential to influence the delivery, method, or technique used by the
IMPACT grant team to develop materials, or
e practical, indicating an educational activity that may be undertaken by parents and caregivers in
an at-home or out-of-school time setting, with little to no expectations for prerequisite
mathematics knowledge or instructional expertise.

Recommendation #1: Teach students that academic abilities are expandable and
improvable. PRACTICAL INFLUENTIAL

Evidence Level: Moderate “The panel judges the level of evidence supporting this recommendation to
be moderate, based on the two small experimental studies that examined the effect of this practice for
improving K—12 students’ performance on math, one experimental study that examined the effect of
this strategy for improving college students’ general academic performance, and supporting
correlational research demonstrating the relation between students’ beliefs about the stability and
malleability of intellectual abilities and their performance” (WWC, p11).

Alignment: This practice is particularly aligned with the NRC’s strand of productive disposition.

Relevant Selected Components of this Recommendation:

e “Expose students to and discuss the neuroscience research that shows that brains grow new
synaptic connections when new material is learned and practiced, thus making the brain more
complex and “smarter” — that working hard to learn new knowledge leads to improved
intelligence. Sports analogies can buttress this learning: practicing academic skills, like solving
math problems, improves performance much like practicing free throws improves basketball
performance or practicing serves helps one’s tennis game.

e “When students are struggling, teachers can explicitly remind their students that the mind grows
stronger as a result of doing hard work, and that over time and with continued effort,
understanding the material and solving the problems will get easier.

e “Teachers can also remind students about the malleability of intelligence when they make
progress, pointing out that their brains are actively building new connections as they study” (WWC,
p9).

| like this Mathematical Mindset Quiz from the NC2ML (North Carolina
Collaborative for Mathematics Learning) for a self-assessment of
mathematical mindset and self-talk related to math. It is designed
primarily for adults (or older students), and | could see its value for
parents who feel a lack of confidence in helping their children with math.



https://ies.ed.gov/ncee/wwc/PracticeGuide/5
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/20072003.pdf#page=19
https://www.nc2ml.org/wp-content/uploads/2024/06/Mathematical-Mindset-Quiz.pdf

NC2ML has a mission to end the “I'm not a math person” mindset by
increasing our awareness of attitudes and beliefs that hold us back.

Rachel McGlynn

Mathematics Content Consultant, PA Evidence Resource Center

e Note: Student mathematical mindset is not the only mindset that is important to attend to in the
home. Research shows that a parent’s mathematical mindset, math anxiety, and math self-efficacy,
are important factors in a child’s relationship with Math.

While the What Works Clearinghouse Practice Guides do not specifically
attend to research on (nor strategies for) parents, there is much research*
to support the importance of parental awareness of their own
mathematical mindset and math self-efficacy.

A meta-analysis conducted by Daucourt et al. consolidates findings from
multiple studies to describe how the Home Math Environment (HME) —
“which includes all math-related activities, attitudes, beliefs, expectations,
and utterances in the home” (Daucourt et al,, 2021)—is positively
associated with children's math achievement, and that parents' use of
specific math language and engagement in math-related activities are
crucial for children's mathematical development (Daucourt et al., 2021). In
addition:

e Susperreguy et al. demonstrate that children's home numeracy
activities predict the growth of their early mathematical skills in
kindergarten, and that persistent engagement in home numeracy
activities has lasting effects on children's math development
(Susperreguy et al., 2020);

e |LeFevre and colleagues (2010) demonstrated that the frequency
with which kindergarten through second grade children engaged
in HME activities like playing board and card games, cooking, and
shopping, positively predicted their scores on measures of math
knowledge and fluency (LeFevre et al., 2010);

e Jiawen et al. emphasized that effective engagement in math
homework and activities correlates with higher levels of children's
math motivation and achievement (Jiawen et al., 2022); and

e Huang et al. noted that parental engagement in diverse and
engaging math activities can stimulate children's interest and
confidence in math (Huang et al., 2023).



At the same time, studies have shown that parents who possess
positive beliefs about their own math skills, and who believe in the
importance of children doing math activities at home, tend to engage
more in those math-related activities (Sonnenschein et al., 2012; Eason &
Ramani, 2018). Eason and Ramani found that parents' positive attitudes
towards math contribute to their engagement in math discussions with
their children, which is linked to improved math achievement (Eason &
Ramani, 2018). According to Jiawen et al. (2022):

Although parents likely bring multiple resources to their involvement in
children’s math learning, of particular importance may be their feelings of
efficacy in helping children with math—that is, the extent to which
parents believe they are capable of supporting children in their math
learning through their involvement (Hoover-Dempsey & Sandler, 1997). In
their model of the parent-involvement process, Hoover-Dempsey and
Sandler (1997) draw from Bandura’s (1989) self-efficacy theory to make the
case that when parents feel efficacious in helping children succeed in
school, they view themselves as capable of overcoming difficulties to
do so. Consequently, they are able to sustain their involvement in
children’s learning, even when they encounter challenge” (Jiawen et
al., 2022).

However, if participating in more math activities with their children,
parents must take care to manage their own parental math anxiety,
which can influence their children’s math outcomes:

e Maloney et al. found that high levels of math anxiety in parents
were translated in the homework help they provided, leading to
increased math anxiety in children (Maloney et al., 2015). “When
parents are more math anxious, their children learn significantly
less math over the school year and have more math anxiety by the
school year's end—but only if math-anxious parents report
providing frequent help with math homework. Notably, when
parents reported helping with math homework less often,
children’s math achievement and attitudes were not related to
parents’ math anxiety. Parents’ math anxiety did not predict
children’s reading achievement, which suggests that the effects of
parents’ math anxiety are specific to children’'s math achievement”
(Maloney et al., 2015).

e Thisis echoed by Oh et al,, who report that “Parents with higher
math anxiety were more controlling (in both parents’ reports and
the observations) and less autonomy supportive (only in the
observations) with children who had poorer math achievement.
Notably, controlling parenting (in both parents’ reports and the



observations) was most likely to predict lower math achievement
a year later among such children. The findings suggest
math-anxious parents are prone to using practices with
children struggling in math that further undermine their math
achievement, which can create an unconstructive cycle for
children’s math learning” (Oh et al., 2022).

Cannon and Ginsburg (2008) found that many parents, especially those
from low-income backgrounds, often are uncertain about how to
engage young children in math activities. Parents may prioritize
literacy activities over math activities, which can lead to a less enriched
mathematical environment for children. Cannon and Ginsburg (2008)
report that parents in the study “admitted to lacking goals for and
knowledge about early mathematics. In addition, compared to language,
parents reported that mathematics was taught less often at home,
should be emphasized less in preschools, was less interesting to
preschoolers, required more direct instruction, and was less of a personal
interest and strength. ... Parent interventions could capitalize on parents'
beliefs and practices by providing parents with concrete examples of
what mathematics preschoolers learn through daily activities, how to
maximize children's mathematics interests, and what the similarities are
between early mathematics and language” (Cannon and Ginsburg, 2008).

This research points to an essential need for parents to have the skills and
mechanisms to manage their math anxieties and adopt supportive,
autonomy-promoting strategies, so that they can foster a healthy Home
Math Environment (HME) for their children. In the University of South
Australia’s Enterprise magazine, Dr. Rebecca Marrone describes several
math anxiety management technigues for parents, including
acknowledging the feelings, learning side-by-side with your child, and
modeling positivity.
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*Note: Al was used to develop sections of this research summary.

Recommendation #2: Provide prescriptive, informational feedback. PRACTICAL

Evidence Level: Moderate “based on a set of small experimental studies using random assignment
that focus specifically on children performing math or math-related tasks and supporting research on
the effects of different types of feedback on a variety of tasks. The supporting research on feedback
includes many studies that vary in terms of design, including small experimental studies, longitudinal
and cross-sectional correlational studies, and qualitative studies. Many of the experimental studies on
the effects of different types of feedback have been conducted with children” (WWC, p15).

Alignment: This practice is particularly aligned with the NRC’s strand of productive disposition.

Relevant Selected Components of this Recommendation:


https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/20072003.pdf#page=23

e Provide positive, substantive feedback to students as they solve problems to encourage students
to correct misunderstandings and learn from their mistakes. Teachers should create a classroom
environment in which learning, improving, and understanding are emphasized. In such an
environment, when children give an incorrect answer, it becomes an opportunity for learning.

e Highlight the importance of effort for succeeding at difficult tasks. By attributing success to effort
rather than to global intelligence, expectations for future success are supported. Praising general
intelligence implies that natural intellectual gifts determine success (and failure) rather than effort;
this can be a debilitating mindset for students when confronted with failure on a difficult task.

o Keep a balance between learning on the one hand and performance on the other. Grades matter,
but students who focus single-mindedly on their grades may come to care so much about
performance that they sacrifice learning opportunities.

Selected Implementation Notes:
e “When praise is warranted, teachers can focus on effort, using phrases such as, ‘you worked really
hard” (WWC, p17).

The earlier resource shared, “Math Discourse” Cards, shares suggested
feedback language around a growth mindset, and ideas to praise a child's
effort and determination (rather than their ‘being smart’). This kind of
feedback can help children form a positive relationship with math and
with their own capacity to learn.

Rachel McGlynn

Mathematics Content Consultant, PA Evidence Resource Center

Recommendation #3: Expose girls to female role models who have succeeded in math
and science. PRACTICAL INFLUENTIAL

Evidence Level: Low “based on our extrapolation of relevant research, including four small
experimental studies with college students. Although the experiments that support the
recommendation have strong research designs (internal validity) for supporting causal claims, these
studies were conducted with college students rather than girls from kindergarten through high school
and were short laboratory experiments, rather than real-world classroom studies conducted with
students over extended periods of time. Thus, the applicability of these studies to the effects of
exposing girls to female role models in natural contexts (e.g., classrooms) is limited. In addition to these
studies that explicitly address the effect of exposure to female role models on young women’s math
performance and beliefs about their math abilities, there is related research that supports this
recommendation. This research includes experimental evidence that negative stereotypes can impede
performance and one small, cross-sectional observational study showing that children are aware of
math-related gender stereotypes” (WWC, p19).

Alignment: This practice is particularly aligned with the NRC’s strand of productive disposition.


https://core-docs.s3.amazonaws.com/documents/asset/uploaded_file/1759/slpsb/2365429/ready-math-discourse-cards-for-families-2021.pdf
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/20072003.pdf#page=27

Relevant Selected Components of this Recommendation:
e Assign biographical readings about women scientists, mathematicians, and engineers.
e Call attention to current events highlighting the achievements of women in math or science.
e \When talking about potential careers, make students aware of the numbers of women who
receive advanced degrees in math- and science-related disciplines.

Selected Implementation Notes:

e “At least some female role models should be ‘attainable.’ Research supports the idea that older
students who overcame initial difficulty with hard work eventually to become high performers
can be effective role models. A famously gifted female engineer for whom math and science
always came easily and naturally is not always the best role model because she can be written
off as the exception—a rare case who triumphed through talent rather than hard work” (WWC,
p21).

e Explore the RELs activity guide, “Encouraging Girls in Math and Science: Three Powerful
Female Role Models.”
https://ies.ed.gov/ncee/rel/regions/west/relwestFiles/pdf/IES _FCA Encouraging Girls_in_Math

Science FINAL 508.pdf

Recommendation #5: Provide spatial skills training. PRACTICAL INFLUENTIAL

Evidence Level: Low “because of the lack of experimental or rigorous quasi-experimental studies that
directly examine the effects of spatial skills training on girls’ math or science performance. Our
recommendation to improve math and science performance through spatial skills training represents
an extrapolation based on the broader relevant research literature. ... Researchers have established
that spatial skill performance is correlated with performance in mathematics and science. For example,
researchers have found that kindergarteners’ ability to perceive and discriminate among various
shapes and geometric forms predicts their later performance in fourth-grade math. Scores on a
spatial visualization test, for example, have correlated with subsequent test scores in geology. Other
evidence supporting the idea that spatial abilities are important in math and science was provided by
researchers who found that scores on a test of mental rotation, which measures how well students can
visualize an irregular shape when it is rotated in space, accounted for a large proportion of the
male-female difference on standardized examinations” (WWC, p27).

Alignment: This practice is particularly aligned with the NRC’s strands of problem solving and
procedural fluency, and the NCTM’s process standard of problem solving.

Relevant Selected Components of this Recommendation:
e Encourage young girls to play with toys that require the application of spatial knowledge, such
as building toys.
e Teach older girls to mentally image and draw mathematics or other assignments so that they
become as comfortable with spatially displayed information as they are with verbal information.
e Require answers that use both words and a spatial display.


https://ies.ed.gov/ncee/rel/regions/west/relwestFiles/pdf/IES_FCA_Encouraging_Girls_in_Math_Science_FINAL_508.pdf
https://ies.ed.gov/ncee/rel/regions/west/relwestFiles/pdf/IES_FCA_Encouraging_Girls_in_Math_Science_FINAL_508.pdf
https://ies.ed.gov/ncee/WWC/Docs/PracticeGuide/20072003.pdf#page=35

Halpern, D., Aronson, J., Reimer, N., Simpkins, S., Star, J., and Wentzel, K. (2007). Encouraging Girls in Math
and Science (NCER 2007-2003). Washington, DC: National Center for Education Research, Institute of
Education Sciences, U.S. Department of Education. Retrieved from http://ncer.ed.gov.

Curation Notes:
e Recommendation 4 was not selected due to the contextualization within a classroom learning
setting and the design of learning activities.
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