
Your task … is to build a robot 
that can dig through dirt and 
rubble, to help in disaster 
scenarios — like after an 
earthquake, when it’s 
too dangerous to send 
in people. To do this, you 
will use biomimicry — the 
study of nature to inspire 
design. Some animals have 
body parts that help them 
dig efficiently. You are going to 
learn about four animals that are well 
adapted for digging. Then you will design 
a robot that is inspired by the body parts 
that help the animal dig.

Animals as Inspiration

Designing 
Biomimetic 
Robots

By the Designing BioRobots Team
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In most middle schools, learning is 
segregated by discipline—science in one 
class, and engineering or computing in 
another. Yet recent trends in science and 
engineering education suggest this approach is outdated. 
Students need to use skills and practices from multiple subject 
areas to solve problems. Designing Biomimetic Robots is a 
curriculum designed to support middle school students in 
thinking across biology, engineering, and robotics, providing 
the foundation for an innovative approach to interdisciplinary 
education.

Developed by researchers at TERC and Tufts University’s 
Center for Engineering Education and Outreach (CEEO) and 
funded by the National Science Foundation (#1742127), the 

Designing Biomimetic Robots 
curriculum challenges middle 
school students to learn about 
biomimicry by interweaving 
engineering, biology, robotics, 
and computer programming 
concepts through a series of 
engaging, practical, and fun tasks.

The Designing Biomimetic 
Robots curriculum is designed to 
engage middle school students 

in using ideas from animal structure and 
function to build a biomimetic robot. In 
this course of study, students will study 
the natural world to learn how animals 

accomplish different tasks, then design and build a robot 
inspired by what they learned. In the process, students will 
have an opportunity to practice computational thinking, 
scientific reasoning, and engineering design skills, and learn 
how to build and program a robot.

Interdisciplinary learning
The curriculum, revised over multiple iterations (Bernstein 
et al., in press) asks students to design a search and rescue 
robot adapted for digging as part of potential recovery efforts 
in the event of a disaster. Students begin by studying the 
internal and external structures of four animals well adapted 
to digging in different ways: pangolins (hook and pull diggers), 
gophers (scratch diggers), mole rats (chisel tooth diggers), 
and moles (humeral rotation diggers). Based on their biology 
research, students then choose an animal to mimic. The 
instructional materials guide them through the process of 
studying animal structures and functions, and then designing 
and building a digging robot that reflects what they learned 
about their digging animal. Included templates, prompts and 
other scaffolding materials carry student teams through the 
steps of framing the problem, decomposing the structures 
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What is Biomimicry? 

Human designers and 
engineers have long been 
drawing inspiration from 
nature’s successful designs. 
Biomimicry is the word 
used to describe the study 
of nature to inspire design.

What does it use  
to dig?

What adjectives 
describe the part?

What verbs tell what 
that part does? 

How does the  
structure move ?

Draw arrows that  
show path of body part

1. Claw Stiff, hard material, not 
flexible, long and curved

Breaks hard dirt Forward and down

2. Paw Stiff, covered in scales Protects against hard dirt, 
bones support claws

Forward and down

3. Arm Short, muscular Provides force for digging Same as paw and claws

What structure is the main digging structure? Claws

What structure or structures help that part or are connected to it (secondary structures)? Paws, bones and muscles of legs and shoulders

Chisel tooth, scratch, rotation, hook and pull are kinds of digging that students research in developing their robots. This example from the 
curriculum demonstrates the type of animal analysis students complete during BioRobots.

Figure 1 | Student animal analysis 
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and functions that help animals dig, and abstracting that 
understanding to inspire their robot design. Students then 
spend several sessions making that design a reality through 
multiple rounds of building, testing, and documenting their 
findings to refine and improve upon their final product.

The curriculum includes approximately 15 hours of classroom 
activities as well as building guides, links to multimedia 
resources, printable student worksheets, lists of materials 
needed, and teacher tips throughout. An introduction for 
the teacher discusses problem-based learning; suggested 
instructional approaches, including formative evaluation; and 
information on alignment with the Next Generation Science 
Standards. Lesson plans support student engagement in 
disciplinary practices such as developing and using models, 
generating design solutions, abstraction and decomposition.  

Figure 3 aligns the science practices, engineering design 
(ED) practices, and computational thinking (CT) practices 
with the main activities that students participate in during 
the curriculum.

Research
The project’s goal was to create and research an integrated 
learning experience that incorporated biology, engineering, 
and computing. Research on the curriculum’s effectiveness 
was guided by one overarching question: How does the 
Designing Biomimetic Robots learning environment support 
student engagement in interdisciplinary learning?

The research team from TERC and Tufts piloted the 
curriculum in classrooms across multiple states, in urban and 
suburban school districts with diverse student demographics. 
Over three years, 22 middle school teachers and nearly 800 
students participated in piloting the curriculum. Science, 
engineering, and technology teachers participating in the 
pilot program completed professional development before 
implementing the curriculum and suggested valuable 
improvements to shape the curriculum further. 

Figure 2 | Storyboard and final robot inspired by a pangolin
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During this pilot period, researchers collected student-
based evidence, using a case-study approach to assess the 
effectiveness of Designing Biomimetic Robots at meeting its 
learning objectives. A pre-post assessment showed that the 
curriculum helped students improve knowledge, practices, 
and skills in engineering, science, and computational thinking. 
In interviews, students were readily able to describe the ways 
in which their robots were and were not biomimetic (i.e., 
mapping animal structure/function analysis to robot design), 
provide a rationale for the design choices they made, and 
describe the iterations in their engineering design process.

The activities in the BioRobots curriculum provided 
students with new ways to encounter, apply, and express 
their disciplinary knowledge (Shaw et al., 2020). Designing 
Biomimetic Robots provides an easily deliverable structure 
to bring robotics construction activities into science and 
engineering courses and makes this type of study more 
accessible for students with a broad range of academic 
experiences.

How to access the curriculum
Visit terc.edu/biorobots to download the curriculum, 
resources, and a one-hour activity.
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Figure 3 | Aligning science practices, engineering design, and computational thinking processes

Learn About the 
Design Task

SCIENCE PRACTICES: 
Asking questions
CT PRACTICES
Decomposition
ED PRACTICES
Problem definition

Study Animal Structure 
and Function

SCIENCE PRACTICES
Obtaining and evaluating information, 
constructing explanations
CT PRACTICES
Decomposition

ED PRACTICES
Doing research

Iterate and Report
SCIENCE PRACTICES
Engaging in argument from 
evidence; communicating 
information
CT PRACTICES
Iteration, communication
ED PRACTICES
Revise/iterate, optimization

Create Representations 
of Animal Structure 

and Function
SCIENCE PRACTICES
Developing and using models
CT PRACTICES
Abstraction

ED PRACTICES
Doing research

Design a Robot that Mimics 
the Way an Animal Digs

SCIENCE PRACTICES
Modeling
CT PRACTICES
Abstraction, decomposition
ED PRACTICES
Generate and represent ideas

Build, Program, 
and Test Robot

CT PRACTICES
Algorithmic thinking
ED PRACTICES
Realize design, testing, and 
troubleshooting
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Figure 4 | Scratch Digging

This robot mimics scratch digging by reaching 
forward with its arm, flexing its fingers closed, and 
pulling back rubble. Each finger is pulled to the flex 
by a cable drive and the strings are tied together 
to pull all at once by a position servo motor.

This robot mimics the gopher’s 
strong arms and claws moving 
in a circular motion driven by a 
rotation motor.
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