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Hey robots, give us a hand!
DIY Hackathon



Welcome to this Teachers’ Guide! Nice job 
picking this one up. 

Through the module, in just a few hours, 
you’ll support teams of students to build 
a robotic hand (well, a finger, at least!) and 
then hook their module up to a Surface using 
Arduino and Data Streamer to measure the 
flexion of their finger/s in the hand. 

You can throw your students an extra 
challenge with our Level Up design 
competition prompt for this term, 
applying their learning and the concept of 
biomimicry to solve a problem they see in 
their community. But let’s not get ahead of 
ourselves! More on the Level Up Challenge 
later. 
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Welcome!
Welcome to this DIY Teachers’ Guide! Nice job picking this one up. 

Through this activity, in just a few hours, you’ll support teams of students 
to build a robotic hand (well, a finger, at least!) and then hook their model 
up to a Surface using Arduino and Data Streamer to measure the flexion of 

their robotic finger. 

To successfully participate in this module, you’ll need to purchase the 
materials from Carolina. Just click here. You’ll see you can either purchase 

a classroom kit (with materials for 6 workstations) or an individual kit. 

Have fun!   

https://www.carolina.com/circuit-components/carolina-robotic-hand-kit/FAM_770022.pr
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Very nicely we think! We are teachers too, so we make this a priority to make your lives easier.  
Where possible, we recommend embedding the work from this activity pack into your teaching 
and learning program. 

How does this link to curriculum? 

This work meets several of the General Capabilities in the Australian Curriculum including the Information and 
Communication Technology Capability, the Critical and Creative Thinking Capability and Numeracy.  

There are some great Learning Area curriculum links to the Australian Curriculum, too! 

Year 7 and Year 8
Science 

Science Inquiry Skills

Questioning & predicting: Identify questions and problems that can be investigated 
scientifically and make predictions based on scientific knowledge (ACSIS124)
Planning & conducting: Collaboratively and individually plan and conduct a range 
of investigation types, including fieldwork and experiments, ensuring safety and 
ethical guidelines are followed (ACSIS125)
Evaluating: Reflect on scientific investigations including evaluating the quality of 
the data collected, and identifying improvements (ACSIS131)

Design and Technologies

Knowledge and Understanding

Analyse how motion, force and energy are used to manipulate and control electro-
mechanical systems when designing simple, engineered solutions (ACTDEK031)
Analyse ways to produce designed solutions through selecting and combining char-
acteristics and properties of materials, systems, components, tools and equipment 
(ACTDEK034)

Processes and Production Skills Critique needs or opportunities for designing and investigate, analyse and select 
from a range of materials, components, tools, equipment and processes to develop 
design ideas (ACTDEP035)
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Year 9 and 10
Science 

Science as a Human Endeavour

Nature & development of science: Advances in scientific understanding often rely 
on technological advances and are often linked to scientific discoveries (ACSHE158)
Use & influence of science: Values and needs of contemporary society can influ-
ence the focus of scientific research (ACSHE228)

Science Inquiry Skills Planning & conducting: Select and use appropriate equipment, including digital 
technologies, to collect and record data systematically and accurately (ACSIS166)
Evaluating: Evaluate conclusions, including identifying sources of uncertainty and 
possible alternative explanations, and describe specific ways to improve the quality 
of the data (ACSIS171)

Design and Technologies

Knowledge and Understanding

Explain how products, services and environments evolve with consideration of 
preferred futures and the impact of emerging technologies on design decisions 
(ACTDEK041)
Investigate and make judgements on how the characteristics and properties of ma-
terials are combined with force, motion and energy to create engineered solutions 
(ACTDEK043)

Processes and Production Skills Work flexibly to effectively and safely test, select, justify and use appropriate tech-
nologies and processes to make designed solutions (ACTDEP050)

If you can’t embed it into your programs (or you don’t want to!) and you have an extra-curricular STEM group 
operating at your school, you could use our C-it B-it program to structure those sessions. 
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Sure is! 

If you’re using valuable class time on this project, we totally understand you’ll also want to have 
some way of assessing student knowledge and skill by the end of the activity. 

That’s why we’ve included a rubric for you. Because our C-it B-it schools are running these lessons 
across different curriculum areas, we’ve focused on the challenge-specific and 21st century skills 
you could assess in this block of lessons. You might want to add the assessment of key content 
relevant to your learning area; feel free to modify to suit your context and students. 

(We’d also always recommend getting student input and tweaking the content and language of 
the following rubric accordingly!). 

Is this learning assessable?
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Learning objective Excelling Embedding Evolving Emerging
Students build and 
calibrate a working 
robotic finger and 
wearable sensor using 
instructions.

Students can use 
instructions to build a 
working robotic finger 
and wearable sensor 
with attention to detail 
and full functionality.

Students can use 
instructions to build 
a working robotic 
finger and wearable 
sensor with minor 
inattention to detail. 
Some functionality 
is compromised. 
However, data can 
still be visualised and 
analysed consistently.

Student inattention to 
detail while building 
a robotic finger and 
wearable sensor results 
in lack of functionality 
and/or inconsistent 
or erroneous data 
visualisation.

Students are unable 
to use instructions to 
build a robotic finger 
and wearable sensor.  

Students develop 
design solutions 
for improving the 
performance of their 
robotic finger using 
analog and digital 
data.

Students develop 
design solutions 
for improving the 
performance of their 
robotic finger using 
analog and digital data 
independently. 

Students develop 
design solutions 
for improving the 
performance of their 
robotic finger using  
analog and digital data 
with minimal prompts. 

Students develop 
design solutions 
for improving the 
performance of their 
robotic finger using 
sensor data visualised 
with digital tools with 
multiple prompts. 

Students are unable 
to develop design 
solutions for improving 
the performance of 
their finger using 
sensor data visualised 
with digital tools.  

Students use growth 
mindset strategies 
when challenges arise 
and worked to solve 
problems with grit. 

Students explicitly 
shared their use of a 
variety of strategies to 
deal with set backs and 
challenges and worked 
with persistence to 
solve problems. 

Students explicitly 
shared their use of 
some strategies to deal 
with set backs and 
challenges and worked 
with persistence to 
solve problems. 

Students didn’t 
articulate their use 
of growth mindset 
strategies but seemed 
to deal with some set 
backs and challenges 
persistence.

Students didn’t 
articulate their use 
of growth mindset 
strategies (yet!) and 
struggled with set 
backs and challenges 
during the learning. 
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The Hey robots, give us a hand! learning is designed for 3 x 60 minute learning blocks. You could 
choose to do these over 3 lessons, or you might do a half-day sprint! It’s as flexible as those 
articulated fingers are soon going to be.

Here’s a bit of a schedule for what the learning blocks look like: 

How much time is this going to take?

Power Lunch 
Join some awesome speakers for the launch event of our Term 1 C-it B-it activities. Students will hear scientists 
and technologists talk about how they use technologies (like those students will build in this module!) to improve 
society. Join us to spark interest, excitement and to create opportunities for application, discussion and deeper 
learning as students work through the Hey robots, give us a hand! task this term. 

Module 1: Making a flex sensor (about 60 mins)

In this 60 min learning block, students will engage with some context to help ground this Hey robots, give us a hand! 
experience in the real world, better understanding why this learning matters. 
They’ll jump into teams of 2-3, get familiar with the activity structure and some of the equipment and then make their 
index finger flex sensor before they flash their Arduino Uno and make sure Data Streamer is set up on their Surface 
Pro. 

Module 2: Building an articulated finger (about 60 mins)

In this next 60 min learning block, students will engage in discussion about the future of work and recap the last 
learning block before building an articulated finger that is connected to a servo motor. 

Module 3: Connecting the dots (about 60 mins)

This last 60 min block is where all of the pieces of the puzzle come together! Students use the Arduino Uno to 
connect their flex sensor to their Surface Pro and to the articulated finger, and when it’s all connected to a power 
source they’ll be able to wiggle their index finger using the flex sensor and for the motion to be mirrored in the 
robotic finger. Flexion data will be displayed on the customised Excel spreadsheet. 



As you dive into this learning with your students, you might be interested in this podcast episode 
where Education Changemakers interview Professor Karen Reynolds, Dean of the College of 
Science and Engineering and Director of The Medical Device Research Institute at Flinders 
University. In the episode, Karen talks about the work she’s leading in the biomedical field and 
value of the ‘E’ in STEM!

https://educhange.libsyn.com/cesa-mini-series-karen-reynolds-unpacking-the-e-in-stem

Something for you (some free PD!)

Who are your co-teachers on this module?

This is Aaron! This is Maddie!

We are both geeks, have curly hair, are educators 
and like inventing things. Between us we’ve got eight 
degrees, have created or supported innovations that have 
changed the lives of more than a million people around 
the world, have been science and maths teachers, and 
now we are here to help you run some brilliant lessons 
for those big-brained students of yours. We created this 
module, and you’ll see or hear us a bit in the videos too. 
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There’s a bunch of equipment you’ll need for this learning… Don’t worry, Carolina have it all ready 
to pack and send to you and it’ll be easier to piece together than the IKEA desk you bought for 
remote teaching last year! In addition to the box of gear Carolina send you (enough for 6 work 
stations for student teams), your students will also need a ruler and a pair of scissors per work 
station. You can find the kits to purchase here. 

It is worth considering now where you’ll store the resources and equipment between lessons or 
lunchtimes if you’re running this learning over a series of weeks. Trust us on this one. You don’t 
want robotic fingers going missing... Who knows what they’ll do!? If you can, persuade your Lab 
Technician to save a shelf or two in the Science Lab for your students to use to keep their gear and 
think about sourcing some tubs so that teams’ materials don’t get mixed up.  

What resources do you need? 

https://www.carolina.com/circuit-components/carolina-robotic-hand-kit/FAM_770022.pr
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Module 1
Making a flex sensor



C-it B-it 

These lessons aren’t rocket science, but, they are not far off! So we’ve applied 
a lens of ‘simplexity’ (hat-tip to Michael Fullan there) to how we have set up 

these lessons for you, to make them really easy to run. See these next few pages 
as your cheat sheets to help you run the sessions in an engaging and easy to 

follow manner. Of course if you have any questions, just reach out to the C-it B-it 
Manager, Gabbi, who is available at gabbi@educationchangemakers.com.   

Slide 1 - Title slide
That’s just a title slide. We’re easing into things. :)

Slide 2 - Welcome
A huge welcome to you and your students as you kick off this first module in the C-it B-it 
program! 

We recommend you run through a couple of things on this slide: 

• The C-it B-it program: This is especially relevant if you weren’t able to get to the Power 
Lunch event. Based on your knowledge, have a crack at describing the program as it’s 
relevant to the learning you’re leading this group of students in. 

• How the learning blocks are going to work: Each term, we can engage in a new topic and 
with each module we’ll get really hands on – you’ll be doing a lot more than I’ll be talking! In 
every learning block, we’ll be using Microsoft tools like the Surface Pro to apply STEM skills. 

• The topics for each term: First we’re looking at biomechatronics and building robots that 
help humans. In the next learning block, we’re focusing on design and animation, creating 
an epic music video, and finally we are making socks for astronauts! We can do all of the 
modules across all of the terms, or cherry pick the ones we’re most interested in as a class. 

• The goal for Hey robots in C-it B-it: In these learning blocks, we’re going to build a robotic 
finger and hook it up to a Surface to generate data as we move it. 

Slide 3 - Video: Why this matters
Watch the 2 minute video on the slide with your students. In it, we help frame the application 
of the learning for your students so that there’s no chance of them walking away thinking, 
‘when would I ever use this?’.

A slide-by-slide playbook for Hey robots, give us a hand!

Symbols 
Key

Making a flex sensor

Teacher 
presenting

Video to 
share
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Slides 4 - 9 - Biomechatronics Trivia 
(We know… this niche topic is hardly going to equip your students for their first pub quiz 
experience but let’s give it a go anyway!)

Ask the questions on the following slides and share the answers with teams. We apologise 
in advance for any terrible puns you might come across. 

Which body part did the earliest example of a prosthetic limb replace years ago? 

- A big toe! In Ancient Egypt, the big toe was particularly important because it was 
necessary in order to wear the traditional Egyptian sandals. This first prosthetic toe 
belonged to an Egyptian noblewoman who used it to walk the earth (and look fashionable 
whilst doing it) nearly 3000 years ago. 

Do you know who this is?

- It is Sophia the Robot. She was developed by Hong Kong based company, Hanson 
Robotics.  She was first turned on in 2016 and can sustain eye contact, recognise 
individuals, have conversations, walk, and even draw a portrait.  

Which body part do you think this bionic prosthetic replaces?

- It is a bionic eye! In 2012, Dr Dianne Ashworth was the first person in Australia to trial 
the use of a bionic eye implant and this is what it looked like. 

Slide 10 - Your ideas
Pose the question of the slides to your students and ask them to discuss in teams of 2-3: 

‘Imagine you work in the lab of a world-class university as a biomechanical engineer. You’ve 
just received a $120 million grant to develop a new prosthetic. Which body part would you 
work to develop a prosthetic for? Why should this body part be prioritized over others for 
prosthetic development? How would it improve the lives of its users?’

After about 3 mins of discussion, hear back from each group. Make sure they’re justifying 
their decision and the impact on human lives their new prosthetic development would have.  

Slide 11 - Video: The $120 Million Robotic Arm! 
Take a look at the video embedded in the slides, ‘The Robot-Arm Prosthetic Controlled 
by Thought’. It’s 5 minutes and describes an application of biomechatronics with the 
development of a prosthetic limb that is controlled by the wearer’s thoughts. 

https://www.youtube.com/watch?v=sk1NkWl_W2Y&ab_channel=BloombergQuickTake

Symbols 
Key

A slide-by-slide playbook for Hey robots, give us a hand!

Teacher 
presenting

Video to 
share

Students 
discussing
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Slide 12 - Teaming up
In your kit for this term you’ll have enough resources for six groups of students and now 
is the time for students to break into these teams. 

We’re not about breaking up besties, but sometimes working alongside new people is a 
good learning opportunity in itself! Teacher, it’s up to you! If you’d like to get students to 
self select their teams, get them to do that now. (You’ll have to just ignore or change the 
contents of this slide). 

If you’re after something a little more random, follow the instructions on this slide with 
your students by asking them to: 

‘Write down the year you think the first robot was invented. Line up in chronological 
order of your guesses.’

Once you have all of your students in a line, give each student a number counting from 
1 to 6 and then ask them to get into a group with their classmates allocated the same 
number. 

Before they move, though, you might like to share “the answer” on the next slide!

Slide 13 - The “first” robot
We bet they’re itching to know who guessed the closest year!

Ask 10 different roboticists what a robot actually is and you’ll get 10 different answers! So “the 
first robot” is tricky to nail down... Having said that, meet Shakey. Designed in 1966 - 1972 by 
SRI International in Silicon Valley - the first truly mobile and perceptive robot!

Explain to students that there are a bunch of definitions for ‘robots’ but most scientists agree 
that they need to be: 

• intelligent, physically embodied machines

• able to perform tasks autonomously to some degree

• able to sense and manipulate their environment

It’s useful for your students to understand this broad definition of a robot because they can 
use it to examine whether or not their robotic hand meets this definition once they’ve built it!  

Slide 14 - Are we ready?! Drum roll please! 
Alright, that’s enough preamble. Let’s get into building these robotic hands. We’re going to 
build these out over a few lessons, so explain the process to your students as it appears on 
this slide.

Our goal today: To make a ‘flex sensor’ for both us to use and to test on the robotic hand. 
(We’ll also ‘flash’ your Arduino Uno and look at something called Data Streamer. More on this 
later!)  

Symbols 
Key

A slide-by-slide playbook for Hey robots, give us a hand!

Teacher 
presenting

Video to 
share

Students 
discussing
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Slide 15 - Video: Your equipment
Play the video embedded in this slide, ‘Your equipment’. It’s 1 minute and in it we show your 
students the equipment they are going to need to have in front of them for this first lesson 
where we’re making a flex sensor, flashing the Uno and testing Data Streamer. 

Slide 16 - Your equipment
Did they miss something in the video? On this slide is a labelled snap of the equipment 
required for this lesson. 

Slide 17 - Video: Preparing the wire 
We need to expose the metal wire that sits underneath the plastic. Use this 1 minute video to 
show students how to cut two centimeters of plastic coating from the wires carefully, without 
damaging the metal underneath. 

If you have fancy wire strippers at your school, your students can use these instead of 
scissors. 

Once they’ve stripped the ends of both wires, show them how to bend the metal end (just like 
they’ll see on the video). 

Slide 18 - Let’s think
After students have prepared their wire, ask them;

‘Why do you think we’re cutting the plastic off? And why do you think a lot of wires come with 
these plastic coatings?’ 

Most students will be cluey enough to know that we have to expose the metal so that it can 
conduct electricity. Electricity usually refers to the flow of charged particles - called electrons 
- through a material, and this flow is called current. Metal is a great conductor of electricity, 
meaning these electrons flow really easily through it, whereas plastic is an insulator and 
doesn’t let current flow through it. 

Obviously, wires (like the cords on hair straighteners, toasters, and these wires we’re using in 
C-it B-it) are usually covered with plastic so that the electricity can flow through the wire but 
we won’t be electrocuted when we touch the plastic cord. Safety first!  

Slide 19 - Video: Getting the first copper layers down
Next, we’re going to explain how to add the first few layers to the finger sensor.  By the end 
of this step, we’ll have two copper strips, the wire and sellotape all stuck to the cardboard 
index finger. 

Show the 2:30 minute video embedded on this slide to your students, pausing if you need to!

Symbols 
Key

A slide-by-slide playbook for Hey robots, give us a hand!

Teacher 
presenting

Video to 
share

Students 
discussing
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Slide 20 - Sanity check!
Show the image on this slide to your students to make sure their layers are in the right order 
so far. We’re about half-way through the build of this sensor. 

Slide 21 - Video: Completing the layers
Watch the 3 minute video embedded on this slide to explain how students can complete the 
layers in their flex sensor. They’ll need their handy (pun intended) U-shaped guide, more 
sticky tape, copper strips, Velostat and scissors. 

Slide 22 - Sanity check! 
Again, use this slide to make sure all teams have their sensor layers in the right order. 

Slide 23 - Let’s think
While we’re thinking about the layers, ask your students the following questions; 

‘Gee - they’re really banging on about these layers. Why do we think the layers are so 
important? And what do we think the Velostat does?’

Use the conversation about layers to further explain the role of conductors and insulators in a 
task like this. Naturally, we want the copper and wire to be touching so that electricity can be 
conducted through these metals!

When it comes to the Velostat, we bet it’s interesting to hear your students’ hypotheses! 
They might be surprised to learn that the Velostat is a conductor of electricity, too, even 
though it feels a bit like plastic. In fact, it has ‘carbon black’ in it, a material produced through 
the incomplete combustion of heavy petroleum products, which makes it conductive. What 
makes Velostat special, is that it’s resistance changes with flexing and pressure - so it will play 
an important role in our flex sensor! 

Slide 24 - Video: Wrapping up this flex sensor
Awesome. The end of this lesson is fast approaching so let’s help your teams to finalise their 
flex sensor. Play the 1 minute video embedded on this slide which will show your students 
how to stick the tabs of their sensor together. This step is a quick one! 

Slide 25 - Let’s ‘flash’ your Arduino Uno
We know - we can hear the laughs already! We’re not taking any clothes off in this bit of 
the lesson. Instead, ‘flashing’ the Uno means getting the relevant code onto it. Your student 
groups will all need a Microsoft Surface for this bit of the lesson. 

First up, they need to download Arduino IDE onto their Surfaces from the Microsoft Store. 

Symbols 
Key

A slide-by-slide playbook for Hey robots, give us a hand!

Teacher 
presenting

Video to 
share

Students 
discussing

Surface 
Pro time
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Slides 26 - 28 - Steps to ‘flash’ your Arduino Uno
On these slides are steps 2 to 6 for students to follow to flash their Arduino Uno. 

Encourage them to take this all one step at a time so that their Ardunio Uno is ready to go 
when their fingers are ready to be connected. 

Slides 29 - 31 - Steps to enable Data Streamer
Great! Your students have that code on their Uno and Surface now. Next we need to enable 
Data Streamer in Excel on their Surfaces. 

You might like to explain why we’re doing this. Ultimately, this program is going to bring data 
from their flex sensor into an Excel spreadsheet, so to measure finger flexion it’s important 
we get this step right! 

On these slides, students will see step-by-step instructions for enabling Data Streamer. Again, 
we’d recommend you walk through these slowly as a whole class. 

Slide 32 - Video: A recap of enabling Data Streamer
Check out this GIF which walks through the steps to enable Data Streamer. Feel free to use 
this slide in place of slides 29-31 if you have visual learners!

Slide 33 - Closing out the lesson
Every good block of learning ends with some reflection, right!? Run a popcorn round here 
with your students by posing the question of the screen and hearing some responses back 
from everyone. 

“What’s something you’ve learned or a new idea you’re leaving today’s lesson with?”

Slide 34 - Title slide
Use this slide to end the lesson. You’ll see a brief description of what’s up next for your 
students! In the next learning block they’ll be getting hands on and making an articulated 
finger. 

Symbols 
Key

A slide-by-slide playbook for Hey robots, give us a hand!

Teacher 
presenting

Video to 
share

Students 
discussing

Surface 
Pro time
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Module 2
Building an articulated finger
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These lessons aren’t rocket science, but, they are not far off! So we’ve applied 
a lens of ‘simplexity’ (hat-tip to Michael Fullan there) to how we have set up 

these lessons for you, to make them really easy to run. See these next few pages 
as your cheat sheets to help you run the sessions in an engaging and easy to 

follow manner. Of course if you have any questions, just reach out to the C-it B-it 
Manager, Gabbi, who is available at gabbi@educationchangemakers.com.   

Slide 1 - Title slide
That’s just a title slide. We’re easing into things. :)

Slide 2 - Welcome back!
Welcome back to Module 2 of the Hey robots, give us a hand! activity. Please use this slide to 
welcome your students back for us, too, and to: 

• recap the last lesson we had together, especially if it was a few days (or even weeks!) 
ago. Remember, we looked at what bio-mechatronics are and why this learning is useful 
and applicable, and we built a flex sensor for one finger, learning a little about electrical 
conductivity along the way! We also set up our Arduino Unos and Data Streamer on the 
Surface Pros. 

• explain what we’re doing today. Ultimately, we’re building an articulated finger! By the 
end of the lesson, students will have a finger that is ready to move up and down when 
connected to a power supply. (In 60 minutes?! We hear you say! We know - mind blown!)

• give an insight into what’s to come! In the third module we’ll be powering up the finger, 
hooking the flex sensor up to your students’ Microsoft Surfaces and using Data Streamer 
to measure the flexion of their fingers and their robotic fingers.  

Slide 3 - Video: But first... Are the robots taking over? 
How often have you heard that ‘the robots are taking over’? How many times do you think 
your students have heard that they won’t have jobs in the future because everything has 
been automated? 

We reckon this could get a bit depressing. 

Share the video on this slide with your students. It’s 3:25 minutes. 

A slide-by-slide playbook for Hey robots, give us a hand!

Symbols 
Key

Building an articulated finger
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Video to 
share
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Slide 4 - Are the robots taking over?
Engage your students in a conversation using the visible thinking routine - See, Think, 
Wonder - after watching the video. There are some questions on this slide to help guide your 
students’ conversations. 

Allow about 5 mins for small group and whole group discussion. 

Slide 5 - Are we ready?!
Alright, we can see you’re all itching to get stuck into today’s hands on activity, so let’s get 
stuck in. 

Our goal today: To build an articulated finger and connect it up to a power supply.  

Slide 6 - Video: Your equipment
Play the video embedded in this slide, ‘Your equipment’. It’s 1 minute long and in it we show 
your students the equipment they are going to need to have in front of them for the first half 
of this second lesson where we’re making an articulated finger and getting it ready to hook it 
up a power supply. 

Slide 7 - Your equipment
Did they miss something in the video? On this slide is a labelled snap of the equipment 
required for this part of the lesson. 

Slide 8 - Video: Making a finger that bends
First up, students will need a copy of the Straw and Felt template, a bubble tea or milkshake 
straw, some scissors and a permanent marker. 

They’re going to use the template to mark triangles at 3cm, 8cm and 15cm, as shown on the 
slide, with the base of the triangles getting wider from 0.75cm to 1cm to 1.5cm.  

Play the video embedded in this slide, ‘Your equipment’. It’s 1:30 minutes and in it we show 
students how to measure and mark their straw using the template and cut triangles into the 
plastic so that the “finger” can bend. 

Symbols 
Key

A slide-by-slide playbook for Hey robots, give us a hand!
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Video to 
share

Students 
discussing
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Slide 9 - Let’s think
As students work, pose the question: 

‘What are the triangle cuts for, and why do we think the triangles we’re cutting need to get 
wider as we move down the finger?’ 

By way of explanation, the triangle cuts are there to help the finger bend. Naturally, the wider 
the base of the triangle, the greater the bend in the finger. Get your students to bend their 
index finger at each joint and consider which joints have the most flexion or ‘bend’. They’ll 
likely find the bend in the joint between the distal and middle phalanx is more limited than 
the bend in the joint between the proximal phalanx and the metacarpus. Ultimately, we’re just 
making our articulated finger mirror the behaviour of a real finger!  

Slides 10 - 12 - Creating tendons!
On these slides you’ll see a number of images which show students how to use the thread (or 
in most cases, fishing wire) to act as tendons, working to bend the finger when the thread is 
pulled. 

This bit gets fiddly. Patience is key!   

Slide 13 - Check and correct
Get students to pull on the thread or fishing wire to check the functionality of their articulated 
finger. Ask them to make sure the fingers bend fairly easily and progressively in order - from 
top to bottom. 

Are the students having trouble?! Trial and error, my friends! Encourage them to try different 
cutting techniques and shapes until it works a bit better. 

Slide 14 - ‘Dem Bones, ‘Dem Bones
Time to learn about the bones in the finger. Your students have been provided with some 
stickers to make it nice and easy to label the bones in their articulated finger.

(We’ve put an image of the correct labels on the next slide so that students can ensure 
they’re on the right track!) 

Slide 15 - ‘Dem Bones, ‘Dem Bones
Share this image with students to ensure they have the right labels on the correct phalanges* 
and metacarpal!

*Phalanges are the bones in the finger above each metacarpus. 

Symbols 
Key

A slide-by-slide playbook for Hey robots, give us a hand!

Teacher 
presenting

Video to 
share

Students 
discussing

Building 
things



C-it B-it 

Slide 16 - Video: The Left Phalange
With their new knowledge about metacarpals and phalanges, your students might appreciate 
this 45 second extract from one of the last Friends episodes. 

In it, Phoebe has just called Rachel (who’s on the plane) and, in an attempt to delay Rachel’s 
departure, makes up a problem with the plane - “There’s something wrong with the left 
phalange!”. 

(To make you feel old, this Friends episode was broadcast in 2004!)

Slide 17 - Adding bones and grip
Now we’re not pretending that adding some felt cut outs to a plastic straw is going to make 
this look like a real hand... That would be a stretch! But we’ll add them anyway. Hot glue is 
used for this part of the lesson, so please make sure your learners are safe and following all of 
the right safety procedures. 

Use this slide to ask students to cut out some finger bones from the felt provided using the 
Straw and Felt template and a hot glue gun to secure them to the top of the straw finger 
(leaving off the metacarpal for now).

Slide 18 - B-it. Act as a scientist and hypothesize
As students cut and glue their felt bones, ask them to discuss this question in their groups: 

“Hypothesize! Why do you think human fingers are different lengths?” 

Slide 19 - Adding bones and grip
If we want our robotic fingers to be able to grip items, we can glue some strips cut off a large 
elastic band to the underside of the straw. Show your students the photo on the board and 
ask them to do the same.

While they work, ask them to share their hypotheses with you!

Whilst there are a range of reasons for our fingers being different lengths, here are the top 
contenders (spoiler alert - they’re all about evolution!): 

1. In our evolutionary past, different lengths of fingers gave us better grip on tools. As our 
tools became more and more advanced, our fingers and hands became more and more 
specialised to use the tools. 

2. Again, in our evolutionary past, the most basic weapon we had access to was... our fist! 
Curl your fingers into a fist shape now and you’ll see that because of the different lengths 
of your fingers, they fit neatly into the space created by your hand. The thumb on the 
outside reinforces your fist, making your hand especially strong. It’s impossible to make a 
similar fist with fingers that are all the same length!
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Slide 20 - Check and correct
Ask students to give their finger one last test to make sure that any felt or elastic band 
additions they’ve made hasn’t changed the flex and bend of their straw. It is still works; 
awesome! If not, they’ll need to troubleshoot to get some of that smooth movement back. 

Slide 21 - Video: Your equipment
Play the video embedded in this slide, ‘Your equipment’. It’s less than a minute and in it we 
show your students the equipment they are going to need to have in front of them for the 
second part of this second lesson where we’re building the frame for the hand and attaching 
a small motor to their articulated finger. 

Slide 22 - Your equipment
Did they miss something in the video? On this slide is a labelled snap of the equipment 
required for this part of the lesson. 

Slides 23 - 29 - Attaching the servo motor
Walk your students step-by-step through the processes detailed on the slides. Ultimately, 
their aim is to connect their fishing wire to the servo motor so that when it’s all powered up 
the motor will turn and will flex their finger!

They’ll need more hot glue for this bit of the lesson, so please make sure all safety procedures 
are being followed!

Slide 30 - Video: Building the hand
Whilst that glue gun is still hot, play the video embedded in this slide, ‘Building the hand’. It’s 
1 minute long and will show your learners how to construct their robotic hand so that they 
can attach their articulated finger.

Once again, we’re asking students to use hot glue guns... They should know the safety 
procedures by now, but you might want to remind them again of how to use the hot glue 
safely, warding off any complacency!  
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Slide 31 - Closing out the lesson
Yas! You made it to the end of another learning block. Before your learners part your 
company for the day, it might be worth letting them know that the next learning block is 
going to focus on wiring breadboards, connecting Arduino Unos and getting the motor to 
work. It’s going to be really rewarding but will take some patience from your learners! We’re 
about to get serious!  

In the meantime, pose the reflection question on the slide and hear responses and ideas from 
your awesome students. 

“What STEM learning have we done today? Where do you see connections to Science, 
Technology. Engineering and Maths?” 

If they need their memory jogged, here are a few links we’ve talked about: 

• science skills to hypothesize - make an educated guess - like a scientist

• the future of robots and advancements in technology, considering the impact it might 
have on our jobs

• using the principles of engineering to make a straw bend and measurement from maths 
to get the flex just right!

• the biology of the hand, including the names of the bones and evolutionary biology to 
explore why our fingers are different lengths

• etc...  

Slide 32 - Title slide
Use this slide to end the lesson. You’ll see a brief description of what’s up next for your 
students! In the next learning block they’ll be wiring up their finger to the motor and the 
Arduino Uno, and using the flex sensor made in Lesson 1 to measure flexion. 
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These lessons aren’t rocket science, but, they are not far off! So we’ve applied 
a lens of ‘simplexity’ (hat-tip to Michael Fullan there) to how we have set up 

these lessons for you, to make them really easy to run. See these next few pages 
as your cheat sheets to help you run the sessions in an engaging and easy to 

follow manner. Of course if you have any questions, just reach out to the C-it B-it 
Manager, Gabbi, who is available at gabbi@educationchangemakers.com.   

Slide 1 - Title slide
That’s just a title slide. We’re easing into things. :)

Slide 2 - Welcome back!
Welcome back to Module 3 of the Hey robots, give us a hand! activity. Please use this slide to 
welcome your students back for us, too, and to: 

• recap the last lesson we had together, especially if it was a few days (or even weeks!) ago. 
Remember, we built an articulated finger and attached it to a robotic hand template, 
covering a bunch of STEM skills and ideas in the process! 

• explain what we’re doing today. Today we’re joining all of the dots (literally, on 
breadboards and the Arduino Unos) to provide power to the servo motor, connect the 
Ardunio Uno to the flex sensor and the Surface Pro to get data streaming from the flex 
sensor to both the Surface Pro and the robotic finger. 

Slide 3 - A growth mindset
Before you begin this learning, watch the 3:30 minute pep talk to rev up your students.

Slide 4 - Are we ready?!
It’s time to connect the dots. For this final learning block your students are going to need all 
of the pieces of the puzzle they’ve built so far (e.g. their Ardunio Uno that has been flashed, 
their pre-made flex sensor, their articulated finger attached to the cardboard hand template, 
etc).  

Our goal today: To connect all of the dots, getting the flex sensor to make the robotic finger 
move and streaming data to the Surface Pro to measure flexion in the fingers.  

A slide-by-slide playbook for Hey robots, give us a hand!
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Slide 5 - Getting familiar with your equipment
Let’s get your students used to the equipment you’re using today a little differently. We 
reckon you might learn a little about your students’ prior knowledge with this method, too!

Read out the list of equipment below and as you share each item with students, get them to 
hold it up for you. Stop and check to see how many students can identify the gear correctly. 
(For example, which students know the difference between a half breadboard and a mini 
breadboard, or what a resistor looks like?!). 

Also make sure that students are checking that they have all of the following in front of them, 
and that they have the right quantities of each item. 

We’ll do it in two parts; it’s the way this lesson is structured, too!

First, to connect your flex sensor to the 
Ardunio Uno: 

Then, to connect your articulated finger to 
the Ardunio Uno:
All of the materials in the first column and... 

1 x half-size breadboard 1 x 5V power supply
1 x mini breadboard 1 x barrel jack breadboard adapter
1 x Arduino Uno 1 x servo motor with arms
1 x USB cable A-to-B (for Arduino) 1 x 3 pin servo motor cable (attached)
1 x 100-ohm resistor 1 x 15-pin header
5 x male-to-male jumper wires 5 x male-to-male jumper wires

It is also worth checking at this point that your students have their flex sensor, articulated 
finger and Surface Pro charged up and ready to use in this lesson. 

Slide 6 - Video: Getting familiar with your Arduino Uno
Share the video on this slide with your students. It’s only a couple of mins long but is an 
important step before your students dive into the electronics component of this learning. One 
jumper wire out of place means their robotic finger might not work, so it’s important they 
understand the labels on the Arduino Uno! 

So important in fact, there’s another whole slide on this!

Slide 7 - Your Arduino Uno
Leveraging the explanation on Slide 5, ask each team to identify the relevant ports on their 
Arduino Uno and check in with you if they have any questions!

Slide 8 - Video: Getting familiar with breadboards
Again, share the video on this slide with your students. We explain the difference between a 
half and mini breadboard and a couple of key features to look out for!
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Slides 9 - 10 - Preparing your Surface Pro
The last thing we need to do before we can start wiring this robotic finger up is download a 
special Excel spreadsheet to your students’ Surface Pro. 

Get them to connect their Surface Pro to the internet and download the Biomechanics 
Workbook they’ll find at aka.ms/biomechanicsworkbook. All of these instructions are on the 
slide, too!

On Slide 9, there is an image of the Excel workbook that students should have found and 
downloaded. 

Slide 11 - Connecting the dots
This slide explains that we’re starting by connecting the Arduino Unos to the flex sensors 
students made in the first learning block. 

Before they begin, make sure they’ve all flashed their Arduino Unos - we ran through this 
process in Lesson 1. 

Slides 12 - 19 - Flex sensor to Arduino Uno
On these slides you’ll find step-by-step explanations for your students to follow, connecting 
their flex sensor to their Arduino Unos.

If they haven’t done anything like this before, here are a couple of top tips you might like to 
share with them: 

• Some of the holes in the breadboards are a little more resistant to the jumper wires being 
inserted than others. Too much force will break and bend them, but not enough might 
mean missed connections, so show your students how to give them a little wiggle, and 
how much force is the right amount! The flex sensor wires and resistor might also take a 
bit of coaxing to sit in the sockets or holes. 

• Make sure they know the difference between a ‘row’ and a ‘column’. That’s important!

• Show them where the positive and negative rails on the half-breadboard are. Again, these 
are important. As you reiterate this dot point with your students, you might like to open 
up a discussion about why they think the positive and negative rails are important to 
differentiate! 

Slides 20 - 22 - Test, try again, test!
Before we get too deep into this lesson, let’s stop and test your students’ set up to make sure 
we catch any glitches that might have occurred when they were connecting their flex sensor 
to the Arduino Uno. 

When they plug their Arduino Uno into the Surface and flex sensor and click ‘Start data’, the 
flexion measures on the Excel sheet should change with their finger movement. 
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Slides 23 - 25 - Stuck?! Our tips!
Was life meant to be easy!? 

You might have a few frustrated faces in your learning space! Fear not, our tips and tricks are 
here to help any student teams with flex sensors that aren’t working to methodically test and 
solve the problems they might be encountering. 

Slide 26 - Connecting the dots
Awesome. Once you have all of those flex sensors reading the finger flexion and the Excel 
sheets displaying changes in the data your teams are ready to move onto the next step; 
connecting their articulated finger to their Arduino Uno.  

Slides 27 - 30 - Connecting the power supply
On these slides you’ll find step-by-step explanations for your students to follow to connect 
the power supply (via a barrel jack connector) to their breadboard.

Slides 31 - 36 - Finger to Arduino Uno
Again, we’ve stepped this process out on these slides, hopefully making it nice and 
straightforward for your students to follow!

If they haven’t already been using them, the pink arrows we’ve included on the diagrams 
might be helpful for your students. 

Slides 37 - 38 - Test, try again, test!
The final test! Here we go. 

On these slides, your students are walked through the process of connecting their wired up 
robotic finger apparatus to their power supply and Surface Pro.

Ideally, when they put the flex sensor on their finger and move it, their robotic finger moves, 
too! And once they’ve clicked ‘Start data’ in the Data Streamer tab of the customised Excel 
workbook, they see the flexion measures changing. 

Slide 39 - Video: A working robotic finger
In case it is useful, we’ve included a video on this slide of the robotic finger in action.

Seeing some confused faces on students around the room? Share the troubleshooting tips on 
the following slides to get to the bottom of the glitch!
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Slides 40 - 43 - Stuck?! Our tips!
There are two possible problems we can think of that your students might be encountering

• all of the flex sensors might be showing -1 on the ‘Data In’ workbook tab, or

• when students put the flex sensor on and move their finger, the robotic finger doesn’t 
move in response.

On these slides, we walk through the steps students can take to troubleshoot either of these 
problems. 

Looking on the bright side, if every challenge is an opportunity, this problem might another 
chance for your students to wire an Arduino Uno!

Slide 44 - Video: A working robotic finger
By this stage all students should have a robotic finger wiggling in response to the movement 
of their flex sensors. 

If not, we don’t mean to rub it in with this video of a working robotic finger! 

Slides 45 - 46 - Stepping into the shoes of an engineer
Phew. Now that all of those electronics components are built and connected, we can stop and 
think about the design process, just like a biomechatronics engineer. 

First, ask your student teams to consider the motion of their finger compared with that of 
their robotic finger, identifying any similarities and differences. 

Then, ask them to detail the structural and electronic design tweaks they’d make to their 
robotic finger if they wanted to make it similar.

Depending on how much time you have left in this lesson block, you might like to ask 
students to draw up their re-designs and share them with others in the class, getting 
feedback and suggestions for further improvements from other teams.  

If there are any teams that get really stuck into this iterative design process, the Upgrade 
Challenge is probably for them! 

Slide 47 - Closing out the lesson
What a whirlwind! We hope you’ve all had fun with this C-it B-it learning! Before your learners 
disperse for the day, ask them to reflect on the following question: 

What’s one key takeaway you’re leaving with after all of this learning about biomechatronics?

After you’ve given them a little thinking time, hear from as many students as you have time 
to hear from. 
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Slide 48 - Title slide
Use this slide to end the lesson. Thanks so much for giving your learners this learning 
experience. If they can see it, they can be it, and we hope this toolkit has supported you to 
share with your learners possibilities they might not have otherwise considered! 
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