
STEM, STEAM, and 21st

Century Block Play



• Their theories that encouraged giving children 
physical objects to play with as the basis for 
learning was revolutionary in the 19th and early 
20th centuries. 

• (Hewitt, Karen. “Blocks As a Tool for Learning: Historical and Contemporary Perspectives.” Young Children. January 2001. NAEYC. < 
http://www.naeyc.org/files/yc/file/Hewitt0101.pdf > 30 Nov. 201)

Origins of Block Play

• Block play was emphasized 
and studied by early 
educators, such as Froebel, 
Montessori, Hill, and Pratt. 



• Alphabet blocks(wood, paint) appeared as early as 1693, when 
philosopher John Locke pointed out that “dice and play-things, 
with the letters on them to teach children the alphabet by 
playing” would make learning to read a more enjoyable 
experience.

Alphabet Blocks (1600’s)



• Friedrich Froebel (1782-1802) felt that building with blocks helped 
children progress from the material to the abstract. He developed 
toys for inventive play that he called “gifts” and designed a large 
box of 500 wooden building blocks for children in his 
kindergarten. (“Who Invented Kindergarten?” German Culture.com. < 

http://www.germanculture.com.ua/library/weekly/kindergarten.htm > 21 Dec. 2010.)

Friedrich Froebel (1700’s)



• ''I sat at the little kindergarten table top and played with the cube, 
the sphere and the triangle. I soon became susceptible to 
constructive pattern evolving in everything I saw. I learned to see 
this way, and when I did, I did not care to draw casual incidentals 
of nature. I wanted to design.''

• Some architecture observers have noted the similarities between 
the block structures Froebel designed and the eminent architect's 
buildings

Frank Lloyd Wright



• The blocks developed by Maria Montessori (1870-1952) were a 
series of sensory blocks that were designed to isolate a specific 
attribute, such as height, length, width, depth, or color. She felt 
that the use of blocks as a systematic training of the senses led to 
children understanding their world. (Op. cit., Hewitt.)

Maria Montessori (1890’s)



• Caroline Pratt (1867-1954) was an American young child educator who 
developed wooden unit blocks to use in her school in 1914. Unit blocks were 
standard sizes and proportioned as a multiple or fraction of the unit block to 
aid in understanding math concepts as well as developing creativity and 
imagination as children built structures with them (“Wooden Blocks & Wooden Toys.” 
Old Fashioned Blocks. < http://www.oldfashionedblocks.com/index.html > 8 Dec. 2011.)

Caroline Pratt (1914)



• By the mid-20th century, many commercial products were being
manufactured from plastic, which could produce highly accurate
and complex shapes at low cost.

• In 1949 LEGO produced its first plastic brick, a precursor to its
signature brick with interlocking studs on the top and tubes on the
bottom.

Lego/Duplo™ (1949)



Magna-Tiles™ (1997)

• In 1997, Magna-Tiles® were introduced in the
United States.

• Made from plastic with magnets embedded within
the edges of the pieces.

• Have become ubiquitous in preschool classrooms.



Panelcraft (2014)

• Made from plastic with sphere magnets in corner
sockets.

• Invented in 2014 by Chad Richert, an architect and
college professor; and Jeff Whittaker, a physics
educator, as a toy for their own children.

• Though not as ubiquitous as MagnaTiles™, have
become common in preschool classrooms and
children’s museums.



Squigz (2015)

• Flexible silicone rubber

• Suction cups stick to smooth surfaces

• Invented by Scott Baumann, Fat Brain Toys



Cubelets™ (2010)

• Made from cube-shaped plastic with magnets and Printed
Circuit Boards(PCBs) within.

• Faces of the blocks pass both power and data between the
blocks. Different behaviors emerge from the constructions
based on the arrangement of the blocks.

• Started as a spin-off from Carnegie Mellon University, by
founder Eric Schweikardt, in 2010.



Magcircuits™ (2023)

• Magnetic plastic blocks enhanced with electrically-
conductive stainless-steel corners. Each block performs
an electronic function.

• Corners of the blocks pass both power and information
between the blocks. Hands-on exploration of principles
of electronics, robotics and coding.

• Developed by, and compatible with Panelcraft.



Can you list 10 things that children
learn from block play?

Why is block play important?



1. Problem solving. 

2. Imagination. 

3. Self-expression. 

4. Mathematics. 

5. Continuity and permanence. 

6. Creativity. 

7. Science

8. Self esteem

9. Social and Emotional Growth

10.Development in all areas

10 things children learn from block play
(List below developed by teachers and elaborated on in
NAEYC article – “Ten Things children learn from block play – March 2015



A study published in the Journal of Child Development found that block play 
develops children’s spatial reasoning ability, even in children as young as three. As 
you may know, spatial reasoning is a key element in intelligence tests. 

Wai, Jonathan,Lubinski, David,Benbow, Camilla P.
Journal of Educational Psychology, Vol 101(4), Nov 2009, 817-835

Spatial Ability & Success

“For decades, spatial ability assessed during adolescence has surfaced as a salient 
psychological attribute among those adolescents who subsequently go on to 
achieve advanced educational credentials and occupations in STEM. 

Results solidify the generalization that spatial ability plays a critical role in 
developing expertise in STEM.



Partnership for 21st Century Skills identified a range of important skills

• Media and Technology Skills
• Life and Career Skills
• Core Subject Skills
• Learning and Innovation Skills (4 C’s)

• Creativity
• Critical Thinking
• Collaboration
• Communication

Beyond the framework designed by the partnership, research suggests that additional 
skills, such as using imagination, being inquisitive and self-directed, working as a team 
member, and taking risks, are also important 21st century skills (Jerald 2009; Garriock
2011).

What are 21st Century Skills?





STEM

This term is typically used when addressing education policy 
and curriculum choices in schools to improve competitiveness in 
science and technology development

Science, Technology, Engineering, and 
Mathematics



STEAM

STEAM programs add art to STEM curriculum by drawing on 
design principles and encouraging creative solution

Science, Technology, Engineering, Art, 
and Mathematics



A good STEM lesson —
• Presents a real and compelling open-ended problem
• Allows for several acceptable solutions for the problem
• Integrates and applies grade-level content in science and math
• Expects students to work in teams to solve the problem

• Uses the engineering design process approach for solving problems
• Includes technology that adds value and enhances learning
• Supports a teaching process that is inquiry-based, hands-on, and 

student-centered
• Requires students to design and create a model or prototype of the 

solution
• Provides time for kids to test their solutions, evaluate the results, and 

redesign if needed
• Views failure as a positive step toward discovering and designing 

solutions.

Middleweb.com – “Six Quick Tips for Sudden STEM Teachers

How do you teach STEM?



The Engineering Design Process
How do you teach STEM?



7 Stages of Block Play

In the early 1900’s, researchers began to formally 
study children and the process by which they play.  
Developmentally, block play has been broken into 7 
stages.

1. Carrying
2. Stacking
3. Bridge Building
4. Enclosures
5. Patterns and Symmetry
6. Structures- Early Representational
7. Structures - Later Representational
Mary Ellen Braks - www.scld.org



Stage 1 – Carrying ( Babies and Toddlers)

Babies and toddlers will simply pick up blocks and 
carry them around.  They’ll put them down, pick 
them up, and move them around.  At this age, they 
also love to knock them down.

Image Courtesy: “Smart Monkey Toys”

Brain Storming –

Guiding questions for Educators 

1.

2.

3.

4.

5.



Stage 2 – Stacking(2 to 3 years)

Children begin to stack blocks.  Typically linear, but 
often side by side.

Image Courtesy: “Inspiration Laboratories”



Science

Compression

Alignment

Misalignment

"[Science] is more than a 
school subject, or the periodic 
table, or the properties of 
waves. It is an approach to the 
world, a critical way to 
understand and explore and 
engage with the world, and 
then have the capacity to 
change that world..."

Basic principles of physics.
(17TH, 18TH, AND 19TH Century)



Science
20th century material improvements (plastic) add different 
connections and more complex structures

Mechanical or “Keyed”
Connections

Base

Cantilever



Stage 3 - Bridge Building (3 to 4 years)

Once stacking has been mastered, children begin to 
build bridges.  This stage typically requires a lot of 
trial and error, and begin to learn balance



Engineering
Engineering is defined as the creative application of scientific principles to 
design or develop structures, devices and processes. 

Node

In engineering, a truss is 
a structure that "consists of two-
force members only, where the 
members are organized so that 
the assemblage as a whole 
behaves as a single object"

www.mymagnecraft.com



Stage 4 - Enclosures

Around the age of 4, children 
begin to develop a stronger 
sense of spatial awareness.  
This leads to an exploration of 
how they fit into, and interact 
with, their constructions.



Stage 5 - Patterns and Symmetry

Children begin to have greater interest in creating 
patterns and symmetry.  Selection and placement of 
blocks becomes more thoughtful and deliberate.

Children also begin to incorporate other toys and 
materials into their buildings.



Math
Mathematics is the study of patterns and numbers. Squares are a type of 
polygon with four sides.  A polygon is a closed flat 
figure having three or more straight sides.



Technology
Technology deals with the methods and tools humans 
use to provide for their needs.  

“Design is not making beauty.
Beauty emerges from 
selection, affinities,
Integration, and love.”

Louis Kahn



Stage 6 - Early representational

Around the ages of 4 and 5, children begin to 
construct buildings and structures that are familiar 
with their daily lives.



Architecture
Architecture is both the process and the 
product of planning, designing, 
and constructing buildings or any 
other structures. Architectural works, in the 
material form of buildings, are often 
perceived as cultural symbols and as works 
of art. 



Stage 7 - Later Representational

As children approach school age, the creations 
become more complex and far more detailed.  
Multiple materials are used, and the creations 
become a stage for dramatic play



Art (Architecture & Design)
Art provides diverse opportunities for communication and expression.  In our 
technically-focused world, we have a responsibility to educate the whole 
child to become a global citizen in his or her community. 



Science
21st century material improvements
(Magnetic connections) add force and
motion

Harmonic Motion
Axis

Positive 
Rotation

Negative
Rotation

Hinge

Tension



Science Adding mirrors to a block center allows for
Experimentation with reflection, refraction, and optics

A periscope works by using two 
mirrors to bounce light from one 

place to another. A 
typical periscope uses two mirrors at 

45 degree angles to the direction 
one desires to see. The light bounces 
from one to the other and then out 

to the persons eye



Science Adding thermally responsive papers or HeatSheets™,
Allows experimentation with temperature

HeetSheets™ respond to a variety of 
temperature



Science
Lesson Plan:  Hot and Cold



Lesson Plan:  Play Doh Circuits

Pack of 500 LEDs  $12.99
On AmazonScience



Language & Literacy
A literacy center is a physical area (or station) designated for specific learning 
purposes. It is designed to provide appropriate materials to help students 
work independently or collaboratively (with partners or in small groups) to 
meet literacy goals. A literacy center can be portable, temporary or 
permanent



Thank you for joining us!

panelcraft.com


