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Overview 
For the past three years, a team at TERC has designed 
and developed the Math and Computational Thinking 
through 3D Making (MPACT) program. The resulting 
products include: 

• 16 standards-based curricular modules that 
structure “making” projects for students in grades 
4–7, with demonstrated learning gains 

• A community-of-practice website, housing all the 
resources and just-in-time professional learning 
opportunities that staff has developed or curated  

• Multimedia resources connecting 3D printing 
professionals and students 

• A network of 80+ teachers, with a focus on rural 
communities and students from historically 
marginalized groups 

MPACT’s materials are unique as making projects 
created for use in upper elementary and middle 
school that meet key math standards. 

Math concepts grow increasingly complex as students 
advance from elementary school to middle school—an 
important time for students’ mathematical growth. 
MPACT provides supports for students to learn the 
standards-based mathematics that is embedded in 
students’ design and making work.  

MPACT projects get students involved in designing and 
making useful and beautiful objects, such as a toy for a 
younger child. These activities serve as grounding for 
developing understanding of important mathematics 
topics that span 4th through 7th grade—in addition to 

spatial reasoning and computational thinking skills 
closely related to mathematics. For example, students 
have opportunity to learn about volume in a research-
based learning progression as they model parts of the 
toy on a digital device such as a Chromebook, and then 
see their design take shape as a real object on the bed 
of a 3D printer. Then students combine this digital 
making process with more traditional craft materials, 
creating a complete making experience. 

MPACT costs per classroom are low. The above 
curricular materials and resources will be available at no 
cost through an open license that allows for adaptation. 
Additional materials include a 3D printer (at around 
$300) and an assortment of low-cost craft materials such 
as modeling clay and pipe cleaners and common 
household materials such as cereal boxes. Four modules 
do not require 3D printers.  

  

“These are the type of activities that 
our students crave. They love to dive 
in and start manipulating and putting 
math into something real. They love 
this stuff.” 

– an MPACT Teacher 
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MPACT addresses more than just math, targeting 
computational thinking and spatial reasoning as well.  

Computational thinking (CT) is increasingly important in 
K–12 education. Although originally taught mostly in 
high school, MPACT is amongst programs that address 
CT at elementary and middle school levels. Unlike many 
programs that focus on coding, MPACT CT is centered 
around a free kid-friendly computer-aided design (CAD) 
tool. We work from this premise: The CAD is to coding 
as geometry is to algebra. 

3D spatial reasoning is often left out of grades 4–7 
mathematics education. MPACT focuses on 3D spatial 
reasoning skills, which are learnable (as opposed to 
innate as they are sometimes portrayed) and are 
correlated with success in STEM college courses and 
careers. 

MPACT is designed to open up spaces for cultural 
relevance and social-emotional learning.  

Open-licensed MPACT materials invite adaptation to 
include important aspects of local contexts and cultures. 
Several aspects of many modules are customizable, 
while the topics of the curricular modules remain 
constant, as they were carefully chosen and developed 
to teach specific math concepts. For example, 5th grade 
students design a toy on wheels for a younger child. 
The toy must have wheels of a specified volume, in 
order to teach volume concepts. However, beyond that, 
students may make any toy—from a stuffed bear on a 
skateboard to a three-wheeled vehicle made from a 
paper cup and straws. Young designers have many 
sources of knowledge to help them settle on a design 
for their toy: They observe the young child at play, and 
of course they know what types of toys are popular in 
their community. MPACT provides resources for 

building on cultural traditions: For example, East African 
children have a long history of making elaborate toys 
with wheels out of scrap wire. The MPACT website 
contains information on this tradition and can be 
expanded to address many more. 

In another example, 7th graders modify a board game so 
that visually impaired and sighted children can play the 
game together. Students have opportunity to learn 
about the mathematical concept of scale as they make 
game boards to fit the game pieces they design and 
make digitally. But in addition to learning math, 
teachers report that students develop their sense of 
empathy, an important area of growth for this age. Any 
board game can be used, so students can choose one 
familiar to them or that has historical roots for their 
community. Game rules can be modified to convert a 
competitive game to one that is cooperative, which may 
be more aligned with, for example, Native American 
values. 

MPACT opens opportunities for career preparation in 
technologies for now and the future.   

Rural areas and areas that are home to large 
percentages of historically marginalized people are 
among the last to get makerspaces that address STEM 
with high-tech equipment, including 3D printing. Youth 
in these communities have strong ties and community 
resources, but rarely do these resources include 
engagement in high-tech career pathways. MPACT 
students learn a design-making process that aligns with 
the work of product designers, engineers, and other 
STEAM workers. MPACT includes resources for 
connecting youth with adults who work in the growing 
field of additive technology (of which 3D printing is a 
part). 

  

“They were so happy about this. Still, after 
making the bookmarks, the novelty hadn’t 
worn out yet. So they were still super 
engaged in wanting to learn and wanting to 
build.” 

– a 6th & 7th grade Teacher 
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MPACT is being rigorously evaluated with statistically 
significant learning gains so far. 

As part of a 2-year independent evaluation study, 
conducted by SRI Education, more than 50 teachers in 
four states (CA, NC, SC, WV) are teaching with MPACT 
projects. For 2020–21, SRI reports that students using 
MPACT modules showed statistically significant gains in 
learning geometry, computational thinking, and spatial 
reasoning. They developed assessments for 4th and 5th 
graders to measure students’ learning and administered 
it in classrooms in fall 2020 and spring 2021. On 
average, MPACT students improved from pre- to post-
test by an effect size of .62, roughly equal to a ten 
percentage-point higher score on the post-test (i.e., a 
letter grade difference). Results are presented in the 
graph, which displays the average student score at pre-
and post-test, adjusted for grade level. Results for 
subgroups vary, but are all within the “one letter grade 
higher” range. Interviews with teachers and students 
reveal their enthusiasm for the program, high student 
engagement, and that MPACT addresses important 
math and CT standards.  

 

 

 

 

 

  
“This part of my teaching this semester – I feel like I’m doing what I want to do in the way that I’m 
shaping the children. That process is impacting how I plan, even with other things. It’s also slowing 
me down because I’m like, ‘Okay this is more important. They don’t need to do a worksheet or 
other things.’ Every so often, even the way I question the kids, it slows me down and I focus on the 
open-endedness.”   

– a 5th grade Teacher 
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Curriculum 
 

MPACT provides opportunities for students to engage in computational thinking, spatial reasoning, and mathematical 
concepts through design and hands-on making projects.  

 

MODULES & TRAINING 

• Modules guide students through 
a design and making process 
to create a real product.  

• Students dive deeper into the 
design and making process as 
they progress through the 
modules. 

• Three days of training is 
recommended to facilitate all 
three modules.  

MATERIALS 

• Tinkercad (free) web-based 3D 
modeling tool 

• MPACT student handouts and 
teacher notes (free) 

• 3D printer 
• Arts & crafts supplies 

STANDARDS-BASED MATH 

• Includes geometry and  
• measurement topics 

COMPUTATIONAL THINKING 
AND SPATIAL REASONING 

• Includes algorithmic thinking,  
• debugging, and  
• mental rotation

 

SOCIAL-EMOTIONAL LEARNING (SEL) AND EXECUTIVE FUNCTION (EF) 

• Students organize their work and plan to solve complex problems and projects.  
• Engaging projects support creativity and perseverance.  
• Projects encourage empathy for making products for clients.  
• Students dive deeper into the design and making process as they progress through the modules. 

WORK-BASED LEARNING 

• Students follow a design process used by professionals. 
• Optional E-Mentors can be recruited to share their experiences and answer student questions.  

  

 4TH GRADE 5TH GRADE 6TH GRADE 7TH GRADE 

Math 
Content 

Symmetry and angle 
measurement 

Volume and linear 
measurement 

Volume, surface area, and 
linear measurement 

Probability and scale 
drawings 

Module 1 Make a Bookmark Make a Bookmark Make a Bookmark Make a Bookmark 

Module 2 Make a Kite from a 
Single Piece of Paper 

Make a Soma Cube 
Puzzle 

Make a Soma Cube Puzzle 
and a Box to Keep It In 

Make Dice for the Sighted 
and the Blind 

Module 3 Make a Stamp to 
Print With 

Make a Toy on Wheels 
for a Younger Child 

Make a Mobile for a 
Community Center 

Modify a Game to be Played 
by the Sighted and the Blind 



© 2022 TERC MPACT3D   5  

Team 

 

Jennifer 
Knudsen 

Principal Investigator 

 

Ken  
Rafanan 

Senior Education 
Researcher 
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Kim 
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Contact 
For more information, contact: Jennifer_Knudsen@terc.edu 

About MPACT 
MPACT is a collaboration between TERC and SRI International (evaluators) and has been funded by the U.S. Department 
of Education. We envisioned students learning mathematics through making—not just applying it. We saw that 3D 
geometry was not well-supported with enough hands-on experiences in the upper elementary and middle school 
grades. We saw inequities in who had access to what type of technologies. As 3D printers came down in cost, we knew 
we could take advantage of the creativity involved in design/make projects with digital tools, to foster students’ growth 
in conceptual mathematics. Hence, this project.  

The MPACT team has worked together for over 20 years in professional development supporting mathematical 
argumentation and on curriculum that takes advantage of dynamic multiple representations, and now, making and math. 
All of our work is intended to make math class more joyful, as well as leading to learning gains. We are all math 
enthusiasts, makers, expert teachers, PD leaders, designers, and researchers. 

The study presented here is supported by the Office of Elementary and Secondary Education (OESE), U.S. Department of 
Education, through Grant U411C180070 to SRI International. The federal grant provides $3,926,461, or 90% of the total project 
funds. Ten percent of project funds are provided by additional generous donors. The opinions expressed are those of the 
authors and do not necessarily represent the official views of, nor an endorsement, by OESE, the U.S. Department of Education, 
or our other donors. 

 

https://www.terc.edu/
https://www.sri.com/

