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Agenda

Network Survey Data

Discuss Global Changes

Review New Additions in Unit 1 & 4

Review New Unit 3: Energy In Action

Discuss Opportunities for Support
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Which PLTW Engineering courses are taken
before POE at your school? Please select all that

apply.

Engineering Essentials - 53

POE is the first PLTW Engineering . 26
course that students take

0 100 200 300 400

Count
n=429

What other courses do students take at
the SAME TIME as POE at your school?

Algebra 2
Geometry
Physics
Trigonometry

Algebra 1

n=416

Please select all that apply.
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Note: Totals may add to more than the sample size for “select all that apply” questions.




Top 5 Definitions of Academic Rigor

How do you define academic rigor? If possible, please provide an example of a rigorous activity that
demonstrates your definition. {open-ended question, with themes coded and summarized)

Themes Counts
Practical application/demonstration of learning/performance-based 109
Challenges students to expand thinking and problem-solving skills 2
Challenges students beyond their current abilities/pushes students outside of their

comfort zone with scaffolds 56
High expectations/high academic standards 53

Involves advanced high school math/physics/theoretical math/multi-step problems a1




Please help us identify the most important topics to cover in a broad survey course like POE by rating the following topics
based on their value to student learning.: % Extremely High/High Value

Mechanical Engineering (Simple Machines, Compound Machines, Mechanisms, Motion...
Machine Control (Inputs and Outputs, Basic Output Programming, Basic Input Programming,...
Statics (Centroids, Beam Deflection, Free Body Diagrams, Force Vectors, Moments, Truss...

— ¥ Electrical Circuits (Introduction, Construction, Calculations)

Robotics (Introduction, Design, Programming)

Engineering Design Process

——®  Energy (Sources, Renewable Energy, Distribution, Transfer, Work & Power)
Product Design (Material Analysis, Material Testing, Manufacturing Processes, Stress/Strain, ...

Programming in Python

—— P Fluid Power (Pneumatic Design, Hydraulics Design, Calculations)

Technical Drawings (Sketching by Hand and CAD)

—— P Kinematics

Artificial Intelligence

Programming in Blocks

Thermodynamics

Statistics

Parametric Modeling

Tolerance Analysis

Transportation Engineering (Flow Rate and Speed Limit Calculations, Intersection Design)

Lifecycle Assessment

Hydrogen Fuel Cells
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Please indicate your preferred sequence of POE topics by ordering
them from 1 (topic should be introduced first) to 5

Average Position: 1(First)-5(Last) . RESpDI’]dEI’]tS indicated

Mechanical Engineering (Simple Machines, Compound that mEChanH:aI
Machines, Mechanisms, etc...) - 1.60 engineering tOpiCS
Product Design (Material Analysis, Material Testing, H
Manufacturing Processes, Drawing Techniques and _ 2.70 Sho u Id be p resentEd fl rSt

Standards, CAD Techniques, etc...) . C. .I . . d
VIl engineering an

Energy (Sources, Thermodynamics, Fluids, Electrical, _ H
Transfer, etc... 3.11 robotics should be

presented later in the

Civil Engineering (Statics, Transportation, etc...) _ 3.77 course

Robotics & Programming (Machine Control, Inputs and _ -
Qutputs, Open and Closed Loops, etc...) i

1.00 1.50 200 250  3.00 3.50 4.00 4.50 5.00
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POE Updates

Which PLTW Engineering courses are taken
before POE at your school? * Open Ended survey
Please select all that apply. questions and Solution

Center Tickets indicated

concerns of repeated

pocion o oo | material IED students

* Change Product Design and
Development to an option

Engineering Essentials - 53 unit

POE is the first PLTW Engineering l 26
course that students take.

n =429 0 100 200 300 400

PLTW



Please help us identify the most important topics to cover in a broad survey course like POE by rating the following topics
based on their value to student learning.: % Extremely High/High Value

Mechanical Engineering (Simple Machines, Compound Machines, Mechanisms, Motion...
Machine Control (Inputs and Outputs, Basic Output Programming, Basic Input Programming,...
Statics (Centroids, Beam Deflection, Free Body Diagrams, Force Vectors, Moments, Truss...

— ¥ Electrical Circuits (Introduction, Construction, Calculations)

Robotics (Introduction, Design, Programming)

Engineering Design Process

——®  Energy (Sources, Renewable Energy, Distribution, Transfer, Work & Power)
Product Design (Material Analysis, Material Testing, Manufacturing Processes, Stress/Strain, ...

Programming in Python

—— P Fluid Power (Pneumatic Design, Hydraulics Design, Calculations)

Technical Drawings (Sketching by Hand and CAD)

—— P Kinematics

Artificial Intelligence

Programming in Blocks

Thermodynamics

Statistics

Parametric Modeling

Tolerance Analysis

Transportation Engineering (Flow Rate and Speed Limit Calculations, Intersection Design)

Lifecycle Assessment

Hydrogen Fuel Cells
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POE Updates

Top 5 Definitions of Academic Rigor

How do you define academic rigor? If possible, please provide an example of a rigorous activity that
demonstrates your definition. (open-ended question, with themes coded and summarized)

Open-ended comments
Themes Counts indicated need for
rigorous topics:

Practical application/demonstration of learning/performance-based 109
Challenges students to expand thinking and problem-solving skills 3> *  Electrical

«  Work & Power
Challenges students beyond their current abilities/pushes students outside of their « Kinematics
comfort zone with scaffolds 56 «  Hydraulics and
High expectations/high academic standards 53 Pneumatics

Involves advanced high school math/physics/thearetical math/multi-step problems 41

PLTW



POE Updates

Average Position: 1{First}-5(Last)

Mechanical Engineering (Simple Machines, Compound

Machines, Mechanisms, etc. ) 1.60

Product Design (Material Analysis, Material Testing,
Manufacturing Processes, Drawing Technigues and
Standards, CAD Technigues, etc.)

Energy (Sources, Thermodynamics, Fluids, Electrical,
Transfer, etc...)

Civil Engineering (Statics, Transportation, etc...) 3.77

Robotics & Programming (Machine Control, Inputs and

Outputs, Open and Closed Loops, etc._) 382

i
“l
=1

e

=

=

100 150 200 2.50 3.00 3.50 4.00 4.50 5.00

New Sequence

Introduction to Product Design
and Development (optional)

Unit 1 — Mechanical Design
Unit 2 — Application of Robotics
Unit 3 — Energy in Action

Unit 4 — Designing

Infrastructure and Developing
Sustainability

PLTW




POE Updates

If your school offers IED, which CAD software does your
school use? Select all that apply.

Fusion 360 I
Autodesk Inventor [N
Onshape [N
Other N
Solidworks
N/A- My school doesn't offer IED. i

0 50 100 150 200 250
Count

300

End of Course Assessment

have EoCs

Both Legacy POE and the updated POE will

PLTW



POE Updates

E ‘ ., Piezo Buzzer with Male Pins, 10 pack View Details 3 $16.00 ea
N —; _______ Available in PLTW Store
Hookup Wire, 100', White * 2700122WH 1 Box 2 of 2
Plastic Cups, 160z. (20PK) * 44PWPOE21 1 Box 2 of 2
Fish Line * 44PWPOE22 1 Box 2 of 2
Wood Glue, 40z. (10PK) * 44PWPOE23 1 Box 1 of 2
Food Color, 0.30z. (4PK) * 44PWPOE24 1 Box 2 of 2
“D” Cell Batteries * 2800AKD 24 Box 1 of 2
Carbon Transfer Paper, 50PK * 44PWPOE25 1 Box 2 of 2

*Note: These items were added on 1/1/2024. Kits ordered prior to this did not include this item but are
readily available from various in-store and online retailers.

ANTICIPATED SHIP DATE: 025272024

o W



Additions to POE J | b




New Additions

Updated Activities from Legacy POE

1.1.3 — Mechanical System Efficiency
Introduction to Energy, Work and Power resource

1.1.6 — Maximizing Power
Maximizing Motor Power resource

4.1.4 — Stressed and Strained
Solving for Stress & Strain resource

4.1.5 — Tensile Testing

Material Testing resource PLTW



Activity 1.1.3 Mechanical System Efficiency

Build the winch and mass using the POE Gearbox Motor Winch Construction Guide and
the POE Winch Mass Construction Guide.

Figure 1. POE Gearbox Motor Winch Assembly PI TW



Activity 1.1.6 Maximizing Power

Motor Performance

Max. output
/_[ power Power
—— Efficiency

_-+ Stall current
==== Current

Mo load
speed

Manx. efficiency —~ = - Speed

No load
current

Motor Torque Stall torque

PLTW



4.1.4 Stressed and Strained

8 luppercase N Knowns: Draw: Substitute and Solve:
& (lowercase
_q: A=LxW

o (sigma) w=9in. 18,000 Ibf
£ (epsilon) L=7ft 8.0in A=(2x12in)x9in.
T (tau)

F=18,000 Ibf A=24in.x9in.
P

201t _ a2

E Unknowns: A=21610n.
F —

Area (A) a=F/A
A

_ -2

L Stress (o) o =18,000 Ibf/ 216 in.
ko Equation: o =182.232 Ibffin.?
r

A=LxW Final Solution
d

_ .2
o=FA o =83.33 Ibffin. PI TW




4.1.5 Tensile Testing

PLTW Engineering

On the gr
coordinal

Calculate

Label the

JIONONONO

"\\I
/

Calculate

10

Ir/'
-

2. Aluminum Sample 1 Analysis

Answers will vary. A sample response follows.

[T T T ———

| Etastic R-gL‘{

——— iimae Tt stength

/Vield Point [.0036,602) (0090, 654 —
roportional Limit (0032, 566)

(6:1F2) :

Principles of Engineering

Calculate |Activity 4.1.5 Tensile Testing Answer Key

3
-
i
|

4. Proportional Limit

F 566 Ib 566 Ib 20360
g=— = = = si
A n(@%Bim)z~ 02787 P
6. Yield Point Stress
_F__s02m o,
o T3, T 0278 mE pst
7. Ultimate Tensile Stress
F 654 1b
= 23525 psi

Tuir = 4= 0278 2

Note that any two points on the straight-line
portion of the graph can estimate the slope
of the linear portion of the curve in the
elastic region. However, using the slope of
the best fit line (using the Curve fitting
feature of the software) results in a better
estimate of E.

ind corresponding

‘mation.

B B



Lesson 3.1 Electrical Circuits

3.1.1 lllumination Creation
3.1.2 Ohms Law Lab

3.1.3 Series vs. Parallel Circuits
3.1.4 Equivalent Resistance
3.1.5 Kirchhoff's Laws Lab

3.1.6 Volts Vaults (Project)

PLTW



3.1.1 Illumination Creation

Iy

Physics helps us understand
the rules that govern the
universe, covering everything

from subatomic particles to

the vastness of space.

Successful engineers are able
to apply physics principles to solve problems, design
innovative technologies, and create systems that control our

built environment. In this unit, you’'ll be asked to think like an

engineer, answering questions like: PLTW



3.1.2 Ohm’s Law Lab

Effect of Voltage

Q) Using Tinkercad, bu

Opportunity for Differentiation

This activity assumes students have basit
Tinkercad, as well as drawing electrical si

these topics, you may need to spend exti

For a more in-depth, hands-on approach,
steps 1-5 instead of modeling in Tinkerce
more circuit modeling to actual circuit bui
step 10 and omit step 11.

For more in-depth mathematical practice,

require manipulating Ohm’s Law to solve

For students who have strong math skills

resistance values (such as 1.5 kQ, 2.2 k().

Figure «. tninsivou

If | I\/

Determine the individual LED brightness when using
LEDs, as compared to just one LED. Consider taking |
of each circuit configuration to compare brightness le

Individual LED brightness in the single LED circuit it
greater than that of the double LED circuit.

The image below shows both the single LED circuit
(left) and double LED circuit (right) together on the
same breadboard. While students are not required
build this, the image is provided to show a compari
of LED brightness.

LED Circuit Comparison

Measuring Current

Students should finish step 9 with an understanding that the
current through a series circuit is the same no matter where the
current is measured. The following images show where to

measure current before and after the resistor.

)

Current Measured Before and After Resistor

Experimental data may have some slight variation, which provides
an opportunity for discussion. Multimeter precision, the quality of
the electrical contacts, and voltage fluctuations from the power

supply all contribute to variations in experimental data.



3.1.3 Parallel vs. Series

Teacher Resources

Inase View Student Course "

Vi)
RESOURCES
V=V

Series vs. Parallel Circuits (Microsoft Excel) Answer Key

5
&
I <70l

1 Series vs. Parallel Circuits (Google Sheets) Answer Key

5
[
<

ect path
axamples.

@ Determir

Inase PLTW FRAMEWORK E

the vol
| Activity 3.1.3 Framework

0l

=
<
'S

PLTW



3.1.4 Equivalent Resistance

Deriving the Equation ’s total resistance. Record these values in the Total I
|/ \u Recall and record how to calculate the total current in a parallel circuit.
-/ == Now solve for R
I'ﬁ
=+l +lg 1
R T 1 1
Ry Ry Ry

In your equation from step 9, substitute an expression for current in
terms of voltage and resistance.

Time to Practice

Students must algebraically manipulate Ohm's Law to solve for

current (1= V/R).

Calculate the equivalent resistance of a parallel circuit with 330 Q, 500

Q, and 1500 O resistors.

ViV, OV, Y,

L e
R Ry Ry Ry

A R R
— rcu R1 Rz R3
|/11\| Divide each side of your equation by voltage (V). Tit
- tfc 1
Req = 3 7 ]
Note: Remember, the voltage across each branch of a parallel , + +
cui 3300 5000 1500 &
circuit is equal to the total voltage.
Req = 176 0

atc
ERRE LTW
B |



3.1.5 Kirchhoff's Laws Lab

A< Kirchhoff’s Voltage Law

nodh
e In the circuit you made using Figure 7, how many closed loops (circuits)
are there through which current can flow? ,
be
4= ieers

y
n.

How

com

they

com The current can flow in seven different closed loops. PI_-I-W

who



3.1.6 Volt Vault

~ 1 . 1

An LE
stand
aops | Qpportunities for Differentiation
220¢

powe

This is an open-ended design challenge. Encourage students to explore a
Resisi
expre | Variety of potential design solutions before they commit to a specific

resist d .
applic esign.
This

speci For a different challenge, consider changing the specifications such that

much

crrer | the green LED turns off when the vault door is opened. One solution is to
with s

wros | USe @ double pole, double throw (DPDT) switch. While this switch is not

this ci

supplied with the course materials, the switch is readily available online

resisti

e and could provide for a meaningful discussion. DLTW

speat
applic




Lesson 3.2 Fluid Power

3.2.1 Under Pressure
3.2.2 Mathematics of Pressure

3.2.3 Pressurized Power (Project)

PLTW



3.2.1 Under Pressure

Example Problem: In Figure 3, a 10-pound force acting on an area of 1 square inch generates a
CO m | pressure of 10 pounds per square inch (psi) acting equally on all surfaces throughout the container.
To successfi over a large distance.

All fluid | ressor, a
valve &J 25 as well.
1in’ e r
Hydrau < ; a liguid
-
-
- 10 in? ter-based, or
-
-
for initial
A}
k.
Figure 3. Multij ul compared
Source: National Fi
In this scena be force over a small
Pneum 25 a gas
distance. Mg
P,=P, 8
red for the
F, R s work.
AL A, dless
101b _ 100 Ib I LI N u

1?1012



3.2.2 Mathematics of Pressur

Practice Problems
A pneumatic system produces 100 Ibfin? of gauge pressure. A cylinder is needed to press
an adhesive label onto a product. It has been determined that 5 Ib of force is optimal to

complete this task.
a. What is the required area of the pneumatic cylinder?

F b _ 5b A = 0.05in?
p=—= 100 — = —— :
A in? A
5b
R= Ib
100 —
in?
b. What is the required diameter of the pneumatic cylinder? :
Formula Substitute/Solve Final Answer
mr? 0.05in?=mr? d=0.26in

a
Il
(Y

1

PLTW

d = 2(0.13in)




3.2.3 Pressurized Power

|/4\| Build a

The i

0:02 / 0:08

Hydraulic Jack-in-the-box video (This video has no PI TW

sound.)




Lesson 3.3 Kinematics

3.3.1 Gravitate to Greatness
3.3.2 Horizontal Projectile Motion

3.3.3 Application of Kinematics (Project)

PLTW



3.3.1 Gravitate to Greatness

Background Voc (s)

Save your experiment to your computer.

, . mathematical
Before taking a deep dive a. In the top left corner, click your filename to open the File menu.

to have a working understi (]

Displacementl;) describe

from the distance somethil e. In mathematical

then 3 km south, the car hi fed by time:
displacement is 5 km, beci

position to its final position

g (5
~
) Figure . Filename Location
Displact b. Select Save As...

c. Name and save your file according to your teacher’s instructions.

d. Note the location of the saved file so you can access it in Activity

3.2.2 Horizontal Projectile Motion. PLTW

Set Scale video Add Points video

Figure 2. Distan



3.3.2 Horizontal Projectile Motion

The horizontal velocity has no effect on the time the
acorn is in the air. If the horizontal velocity is 4 m/s, the
time the acorn is in the air would still be 1.5 s. Time is a
function of the acceleration due to gravity, the vertical

displacement, and the initial vertical velocity.
- 1 2
Ay = vt + 58y

Since the initial velocity is O m/s, the first term cancels

out, which leaves:

Ay = 533,12
Now solve for time:
20
-
ay
24
t= [ 22Y
ay
2x —11.04s
-9.81m/s?
t=15s

Warc

nen

Put It to the Test

Opportunities for Differentiation

If you have access to photogate sensors, you can use them instead of

video analysis to determine the horizontal velocity of the golf balls.

If students are unable to set up the
experiment to capture video, or

W EXPERMENT

unable to make accurate @ Import Videa

s

predictions, they can use the Ball

O AV L RO VERNERCOM

CHOOSE FiLE USER MANLAL [T

and Table video in Vernier Video
Analysis®. They will not be able to owisisgiens @ | | it &
make a prediction they can use in
the classroom, but they can work
through the process of calculating a

horizontal displacement.

g
Nrernier

Ball and Table Video in Video Analysis
Software

PLTW



plications of Kinematics

Rearrange this equation so that it equals O.

1
faﬁf T t-Ay =20

You’'ll notice this is a quadratic equation. Students can use the quadratic formula to solve

for time.

_ —btyp’-dac

- Za

vyl P45 a)(-y)

2(3a,)

If students are familiar with using the quadratic formula, they should manually solve for
time. If students do not have exposure to the quadratic formula, you can either prepare

them to use it or use an online quadratic equation solver.

In either case, students must be vigilant with signs. For example, the vertical velocity,
acceleration, and displacement are all negative values. These quadratic equations have
two solutions: one negative and one positive. Because we are solving for time, the positive

solution is the correct answer.

PLTW
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Problem 3

Prototype 1

Oﬁlo:ﬁ 3 _
TUE Cmascmsw”
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Player Prototype 1 (This video has no sound)
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Top View



What’'s Next?




Thank youl!

PLTW
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