Summit Public Schools
Summit, New Jersey
Grade Level:8 / Content Area: Technical Education
Cycle Course ( 9.5 Weeks )
Course Title: Innovative Design Challenge

Course Description:

Innovative Design Challenge is an 8th grade STEM course designed to build upon
the student’s technical knowledge gained in the Technology Engineering and
Design (TED) course, taken either in grade 6 or 7. These TED courses are
generally a prerequisite for entry into this elective course. Students in this
advanced program demonstrate the application of the Engineering Design Process
(EDP) to the solution of practical real-world problems. This project-based
curriculum focuses on the use of the 21st Century Skills of collaboration,
creativity, critical thinking and communication to create solutions to a series of
challenges. Students will follow the 7 step EDP from identification of the problem,
through research, brainstorming, design, prototyping and testing. The student-led
projects stimulate higher order learning, including analysis, evaluation and
creation, while also helping students develop their “Career Ready Practice” skills.
During the design, engineering and construction of their final project, students will
apply their knowledge of science, mathematics and engineering drawing to develop
a functional and testable product, all while maintaining a professional engineering
record (journal) from concept to completion.

Unit #1 - Technology and Society (.5/WKS)

Unit #2 - Engineering Design Process and Structures (2.5WKS)

Unit #3 - Using the EDP to solve a contemporary social problem: “Texting
While Driving” (2.5WKS)

Unit #4 - Aero-Woodworking or Electro-Woodworking “Capstone Project”
(Double Unit) (4WKS)
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Unit 1: Technology and Society

Big Ideas: Course Objectives/Content Statement(s)

e Understanding the history of technology provides a basis for understanding how the world around us has

evolved

The rate of change of technology and the pace of invention and innovation are increasing exponentially
Most inventions made for the good of mankind can still have a detrimental impact on society if used

improperly

Essential Questions
What provocative questions will foster inquiry,
understanding, and transfer of learning?

Enduring Understandings
What will students understand about the big ideas?

e Has technology always been used solely for the
good of mankind?

e [ftechnology is constantly changing, how can
we know what skills to learn?

e What are the ways technology has changed the
lives of mankind both for the good and the bad?

e What current and/or anticipated real-world
problems may we have to consider where
innovation and invention will play a key role?

e What is digital citizenship and how does it relate
to a middle school student

Students will understand that. ..

e Technology intended for the good of mankind
can be used for harmful purposes

e Inventors, inventions, and innovations play an
important role in 21st Century learning and
problem-solving

e New products and systems can be developed to
solve problems or to help do things that could
not be done without the help of technology

e Technologies, no matter how useful, have
intended and unintended consequences, that can
pose ethical, economic, political, cultural or
environmental risks
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Areas of Focus: Proficiencies Lessons
(New Jersey Student Learning Standards)
Students will: Technology and Society:
o &.2.8.ETW.1: Illustrate how a product is e Students watch the video “The Rate of
upcycled into a new product and analyze the Technological Change”

short- and long-term benefits and costs

o §8.2.8.ETW.2: Analyze the impact of modifying
resources in a product or system (e.g., materials,
energy, information, time, tools, people, capital)

o 8.2.8.ETW.3: Analyze the design of a product
that negatively impacts the environment or
society and develop possible solutions to lessen
its impact

e Students will read the following three sections
from Chapter 2 of the text “Technology
Education, Learning by design” and participate
in classroom discussions of the material

e Technology and Early Times

o Technology has influenced history and it
continues to have a major effect on
society

o An invention or innovation was often
developed without scientific knowledge

o The design and construction of modern
structures evolved from prior
technologies and techniques

e The Pace of Technological Change

o Economic, political and cultural issues
are influenced by technology

o Combining simple technologies can
create more powerful technologies

o Technology is changing at an ever
increasing rate

e The Impact of Technology on Society

o The use of technology affects humans in
various ways, including their safety,
comfort and attitudes

o Technology must fit the needs of people,
society and the environment

o The development and use of technology
often poses ethical issues
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Differentiation

Differentiation/Assessments

Interdisciplinary Connections
e Math - Demonstrate the ability to read and

comprehend historical data in a graphical format
e Social Studies - Explain the impact of major
technological advancements on the advancement
of society
e Science - Demonstrate an understanding of the
difference between the Engineering Design
Process and Scientific Inquiry

Technology Integration
e Use of the internet for lesson related research
e Google Classroom(™) for lesson and reading
material delivery
e Use of the internet for related in-class videos
e Google Forms(™) for summative assessment

Media Literacy Integration
e The use of multimedia presentation materials
(print, audio, video) are prevalent throughout the
instruction cycle

Global Perspectives

e Engineers and scientists from different countries
often collaborate to solve problems

e There are global implications from all
inventions; even well intended inventions can
have negative consequences

e When invention and innovation are present in a
global society, society itself will adapt to provide
a venue for them

Formative Assessments:
e Teacher Observation
e Teacher Questioning
e Engineering Notebook Review

Summative Assessments, Projects
e Google Forms(™) Assessment
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Highlighted Supports are employed in this Unit

Supports for English Language Learners

Interactive
Supports

Sensory Supports | Graphic Supports

Using cooperative
group

Timelines Structures

Magazines &
Newspapers

Physical activities | Number lines

With mentors

Broadcasts

Intervention Strategies

Accommodations Interventions Modifications

Increase
opportunities to
engage in active
academic
responding

Permit response
provided via
computer or
electronic device

Audio Books Utilize pre-reading

strategies and

Career-Ready Practices

CRP1: Act as a responsible and contributing citizen and
employee.

CRP2: Apply appropriate academic and technical
skills.

CRP4: Communicate clearly and effectively and with
reason.

CRP5: Consider the environmental, social and
economic impacts of decisions.

CRP6: Demonstrate creativity and innovation.

CRP7: Employ valid and reliable research strategies.
CRP8: Utilize critical thinking to make sense of
problems and persevere in solving them.

CRP9Y: Model integrity, ethical leadership and effective
management.

CRP11: Use technology to enhance productivity.
CRP12: Work productively in teams while using
cultural global competence.
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activities previews,
anticipatory guides,
and semantic

mapping

Recommended Texts to Support Unit:
Hacker, M., & Burghardt, D. (2008). Technology education: Learning by design. Pearson/Prentice

Hall.

Unit #2: Engineering Design Process & Structures

Big Ideas: Course Objectives/Content Statement(s)

The engineering design process is a structured, step by step, approach that guides engineering teams as

they solve problems.

The engineering design process is iterative, meaning that teams may need to repeat steps many times,
making improvements along the way, as they learn from failure

Students will gain an understanding of the basic types of bridges the advantages and disadvantages of each
Students will study the forces acting on the bridge structures, the various tradeoffs associated with each
design along with the material science demands of each design

Students will apply this knowledge to the design, building and testing of a model truss bridge

Essential Questions

What provocative questions will foster inquiry,

understanding, and transfer of learning?

Enduring Understandings

What will students understand about the big ideas?

What are the steps of the Engineering Design
Process?

Why do engineering teams follow a process?
How do criteria and constraints impact a design?

How can we apply the Engineering design
process to design and prototype a model truss
bridge?

What are the different types of bridges in use on
highways and railways?

What are the advantages and disadvantages of
each?

What forces are at work within these structures?
How are bridges designed to maximize strength?

Students will understand that. ..

The Engineering Design Process is an iterative,
systematic approach to problem-solving that
includes requirements, criteria and constraints.
The design process is used to solve real-world
problems

During brainstorming, there are no bad ideas
Sketches, engineering drawings and
engineering journals are vital to the
effectiveness of the process

Technological advances have flaws and there is
no perfect design
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Failure is an necessary component of the
process that helps minimize failure in the field

Areas of Focus: Proficiencies Lessons
(New Jersey Student Learning Standards)
Structures
8.2.8.ED.1: Evaluate the function, value, and e Identify and describe the major steps in the

aesthetics of a technological product or system,
from the perspective of the user and the producer
8.2.8.ED.2: Identify the steps in the design
process that could be used to solve a problem
8.2.8.ED.3: Develop a proposal for a solution to
a real-world problem that includes a model (e.g.,
physical prototype, graphical/technical sketch)
8.2.8.ED.4: Investigate a malfunctioning system,
identify its impact, and explain the step-by-step
process used to troubleshoot, evaluate, and test
options to repair the product in a collaborative
team

8.2.8.ED.5: Explain the need for optimization in
a design process

8.2.8.ED.6: Analyze how trade-offs can impact
the design of a product

8.2.8.ED.7: Design a product to address a
real-world problem and document the iterative
design process, including decisions made as a
result of specific constraints and trade-offs
8.2.12.ED.1: Use research to design and create a
product or system that addresses a problem and
make modifications based on input from
potential consumers

8.2.12.ED.2: Create scaled engineering drawings
for a new product or system and make
modification to increase optimization based on
feedback

Engineering Process

Explore brainstorming techniques and the use of
“Morph Charts”

Review engineering drawing practices

Review use techniques and safety rules
associated with hand tools and shop machines
Introduction to Bridges and the forces acting
upon them

Describe how various types of bridges
accommodate forces differently

Students watch the video “Bridges and Forces”
Understanding key words and concepts
associated with efficient designs (force,
compression, tension, reinforcing, lamination
Explore which materials are better suited for
resisting different types of forces

Explore the specific forces impacting the truss
bridge and how to maximize its strength
Students are organized into teams of 4 or 5
students

Teams use the internet to perform research on
bridges and, in particular, how to design a truss
bridge

Teams brainstorm designs with the aid of a
“Morph Chart”

Teams agree upon a design and document their
proposed construction techniques

Project teams build truss bridges from one pizza
box and 4 hot glue sticks

Teams weight test bridge models until failure
Teams analyze failure and discuss alternative
design and/or construction strategies
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Differentiation

Assessments

Interdisciplinary Connection
e Engineering - sketches, concept drawings, scale
drawings, prototype model, data and testing

e Math — measurements, geometry, right triangles

e Science — free body diagrams of the
compression and tensile forces acting on a truss
bridge

e Science - Newton’s Laws relative to force and
motion

e Art - Aesthetically appealing design of a truss
bridge

Technology Integration

e Use of Internet for lesson related research

e Chromebooks for research on bridges and
materials

e Google Classroom(™) for collaboration,
brainstorming of ideas, analysis of data,
maintaining logs and Morph Charts,
communication of results and distribution of
project handouts

e Google Forms(™) for formative assessment

e Use of internet for lesson related videos

Media Literacy Integration
e The use of multimedia presentation materials
(print, audio, video) are prevalent throughout the
instruction cycle

Global Perspective

e Architects and engineers use the same drawing
methods to convey their ideas to one another
other

e Scientists and engineers use the same design
process globally

e There is a universal language of design and
measurement using the metric system

e Drawings and renderings of an innovation and
invention must be drawn accurately to scale and
be precise to allow for success in the
manufacturing process worldwide

Formative Assessments:
e Teacher Observation
e Teacher Questioning
e Engineering Notebook (Journal) Review

Summative Assessments, Projects
e Google Forms(™) Assessment
e Truss bridge destructive testing per the Grading
Rubric
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Highlighted Supports are employed in this Unit

Supports for English Language Learners

Interactive
Supports

Sensory Supports | Graphic Supports

Using cooperative
group

Magazines & Timelines Structures

Newspapers

Physical activities | Number lines

Broadcasts With mentors

Intervention Strategies

Accommodations Interventions Modifications

Permit response Increase

provided via opportunities to

computer or engage in active

electronic device academic
responding

Career-Ready Practices

CRP1: Act as a responsible and contributing citizen
and employee.

CRP2: Apply appropriate academic and technical
skills..

CRP4: Communicate clearly and effectively and with
reason.

CRP5: Consider the environmental, social and
economic impacts of decisions.

CRP6: Demonstrate creativity and innovation.
CRP7: Employ valid and reliable research strategies.
CRP8: Utilize critical thinking to make sense of
problems and persevere in solving them.

CRP9Y: Model integrity, ethical leadership and effective
management.

CRP11: Use technology to enhance productivity.
CRP12: Work productively in teams while using
cultural global competence.
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Audio Books

Utilize pre-reading | Modified
strategies and assessment grading
activities previews,
anticipatory guides,
and semantic
mapping

Recommended Texts to Support Unit:
Hacker, M., & Burghardt, D. (2008). Technology education: Learning by design. Pearson/Prentice

Hall.

Unit #3 Using the EDP to solve a contemporary social problem

Big Ideas: Course Objectives/Content Statement(s)
Students will gain an understanding that all technological advances have the potential to be abused
Using the engineering design process, students explore potential solutions to one contemporary social

issue; “texting while driving”

Students will think critically about the impact of texting on society as a whole

Essential Questions

What provocative questions will foster inquiry,

understanding, and transfer of learning?

Enduring Understandings

What will students understand about the big ideas?

What are the ways technology has changed the
lives of mankind both for the better or worse?
Which current and/or anticipated real-world
problems could we consider where innovation
and invention can play a key role

What are the societal and ethical responsibilities
of the inventor/designer

What is digital citizenship and how does it
relate to a middle school student

Technology intended for the good of mankind
can be used for harmful purposes

Inventors, inventions, and their innovations play
an important role in 21st Century learning and
problem-solving

New products and systems can be developed to
solve problems or to help do things that could
not be done without the aid of technology
Technologies, no matter how useful, have
intended and unintended consequences that can
pose ethical, economic, political, or cultural or
environmental risks

Texting while driving is a critical safety issue
Globally; is there a technology based solution to
this problem?
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Areas of Focus: Proficiencies Lessons
(New Jersey Student Learning Standards)
Students will: Texting
e &.1.8.DA.1: Organize and transform data
collected using computational tools to make it e [Explore “Texting” and the ways it has altered
usable for a specific purpose people's behavior
8.1.12.I1C.3: P redict th_e potential impacts and e Review statistical data around the prevalence
1mphcat10ns ofemergmg .te.chnologles on lar‘ger and results of “Texting While Driving”
social, economic, and political structures, using ) ] .
evidence from credible sources e Students watch the “Texting While Driving”
8.2.8.ED.2: Identify the steps in the design public safety video
process that could be used to solve a problem e Review and describe the major steps in the
8.2.8.ED.5: Explain the need for optimization in Engineering Process
a design process e Review engineering drawing practice and
8.2.8.ED.6: Analyze how trade-offs can impact techniques
ghggeéll%r;oglesé?j;l ;tproposal for a solution to ® Explore Brainstorming techniques and the use
a real-world problem that includes a model (e.g., of “Morph Charts”
physical prototype, graphical/technical sketch) e Students are organized in teams of 4-5 and
8.2.12.ED.1: Use research to design and create a perform statistical research on “Texting While
product or system that addresses a problem and Driving”
mziketmi)diﬁcations based on input from e Students organize their research data visually
otential consumers . .
2.2. 12.ED.2: Create scaled engineering drawings for presentat.lon and predl.c touteomes
for a new product or system and make e Students l?ralnst(?rm so‘lutlops to the problem
modification to increase optimization based on and organize their findings in a morph chart
feedback e Students makes sketches and drawings of
proposed solutions in their engineering
notebooks
e Students pick a solution and finalize their
designs
e Students prepare a detailed technical
specification for their designs, including
engineering drawings
e Students prepare a multimedia presentation on
their invention
e Students receive a lesson on “Making
Presentations Effective”
e Students present their solutions as a team to
their classmates and teachers and defend their
proposal
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Differentiation

Assessments

Interdisciplinary Connections

e Engineering - sketches, concept drawings, scale
drawings, prototype model, data and testing

e Math — measurements, statistics, data analysis

e Science — Mobile Telecommunications and
unique characteristics of mobile phones

e Communications - Making presentations
effective

Technology Integration

e Use of Internet for lesson related research

e Chromebooks for research on mobile phones,
and texting while driving statistics

e Google Classroom(™) for collaboration,
brainstorming of ideas, analysis of data,
maintaining logs and morph charts,
communication of results and distribution of
project handouts

e Google Forms(™) for formative assessment

e Use of internet for lesson related videos

Media Literacy Integration
e The use of multimedia presentation materials
(print, audio, video) are prevalent throughout the
instruction cycle

Global Perspectives

e Architects and engineers use the same drawing
methods to convey their ideas to one another

e Scientists and engineers use the same design
process globally

e There is a universal language of design and
measurement using the metric system of
measurement

e Drawings and renderings of a design must be
drawn accurately to scale and be precise to allow
for success in the global manufacturing network

e Texting while driving is a global issue impacting
millions of lives worldwide

Formative Assessments:
e Teacher Observation
e Teacher Questioning
e Engineering Notebook Review

Summative Assessments, Projects
e Google Forms(™) Assessment
e Texting solution presentations evaluation per the
Grading Rubric
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Highlighted Supports are employed in this Unit

Supports for English Language Learners

Interactive
Supports

Sensory Supports | Graphic Supports

Using cooperative
group

Timelines Structures

Magazines &
Newspapers

Physical activities | Number lines

With mentors

Broadcasts

Intervention Strategies

Accommodations Interventions Modifications

Increase
opportunities to
engage in active
academic
responding

Permit response
provided via
computer or
electronic device

Audio Books Utilize pre-reading

strategies and

Career-Ready Practices

CRP1: Act as a responsible and contributing citizen
and employee.

CRP2: Apply appropriate academic and technical
skills.

CRP4: Communicate clearly and effectively and with
reason.

CRP5: Consider the environmental, social and
economic impacts of decisions.

CRP6: Demonstrate creativity and innovation.
CRP7: Employ valid and reliable research strategies.
CRP8: Utilize critical thinking to make sense of
problems and persevere in solving them.

CRP9Y: Model integrity, ethical leadership and effective
management.

CRP11: Use technology to enhance productivity.
CRP12: Work productively in teams while using
cultural global competence.
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activities previews,
anticipatory guides,
and semantic
mapping

Recommended Texts to Support Unit:
Hacker, M., & Burghardt, D. (2008). Technology education: Learning by design. Pearson/Prentice
Hall.

Unit #4: Aero-Woodworking or Electro-Woodworking “Capstone Project”

Big Ideas: Course Objectives/Content Statement(s)

e Invention and Innovation are driven by human needs and wants and are influenced by the core concepts of
technology: systems, resources, requirements, optimization and tradeoffs, processes, and controls

e Engineering Drawing is a graphical language used by designers to convey ideas or requirement to
fabricators

e The engineering design process is a structured, step by step, approach to solving a problem or need

e This “Capstone” project is intended to combine all of the previously studied concepts (above) into a
independent woodworking project; either a CO2 Dragster or a Personal lighting system

Essential Questions Enduring Understandings
What provocative questions will foster inquiry, What will students understand about the big ideas?
understanding, and transfer of learning?

e A design concept is the core idea driving the
® Why must any design project start with an design of a product, explained via a collection
accurate definition of the problem? of sketches, images, and a written statement
e Why has Engineering Drawing developed into e The forces that make flight possible are in play
the universal language of technology? on race cars as well as the family car
® Why is the Engineering Design Process said to e An electrical circuit requires a source of power
be an iterative process? as well as a path to ground in order to permit the
e What are the four forces in aerodynamics and flow of electrons
what do we mean by equilibrium? e The Testing phase of the design process
® What s electricity and what do we mean by provides valuable pre-production performance
difference of potential? data

e [teration, (trial and error) is fundamental to
design optimization
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Areas of Focus: Proficiencies
(New Jersey Student Learning Standards)

Lessons

o 8.2.8.ED.2: Identify the steps in the design
process that could be used to solve a problem.

e §.2.8.ED.3: Develop a proposal for a solution to
a real-world problem that includes a model (e.g.,
physical prototype, graphical/technical sketch)

e 8.2.8.ED.5: Explain the need for optimization in
a design process

e 8.2.8.ED.6: Analyze how trade-offs can impact
the design of a product

e 8.2.12.ED.I: Use research to design and create a
product or system that addresses a problem and
make modifications based on input from
potential consumers

e §8.2.12.ED.2: Create scaled engineering drawings
for a new product or system and make
modification to increase optimization based on
feedback

Instructional Focus

e Application of the engineering design process

e Design Challenge:

o Completion of a Model CO2 Dragster
Design and timed Racing Competition
OR;

o Completion of a personal lighting
system (lamp) including wiring and
power testing

CO2 Dragster

e Exploration of concepts such as: thrust, friction,
drag, lift, gravity, traction, frontal area,
turbulence, and airfoils

e Review design requirements, which include:
(total length, body height, minimum body
width, axle distance, body mass, etc.)

e Students watch the video “How Airplanes Fly”,
“Aerodynamic of Racecars” and the “How’s and
Why’s of CO2 Dragsters” and discuss the
application of the concepts to the car design

e Students will watch the Videos “Band Saw
Safety”, How to use a Drill Press”, “Spindle
Sander Safety”” and” Disc and Belt Sander
Safety”

e Students make sketches of their design and
create a formal engineering drawing of their
CO2 dragster, in strict compliance with the
design specification, to serve as production
template

e Students apply the templates to a wooden blank
and then cut out the car using hand and power
tools

e Students finish the car by sanding, painting and
assembling the chassis

e Students test the vehicle in a CO2 test bed and
record their results
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OR

Lighting System

Students explore concepts of electricity, circuits,
positive source, ground, resistance, switches,
conductors, polarity, electron flow, difference in
potential etc.

Students watch the video “How to Rewire a
Lamp”

Students will watch the Videos “Band Saw
Safety”, How to use a Drill Press”, “Spindle
Sander Safety”” and” Disc and Belt Sander
Safety

Students are provided a design syllabus and
using the internet, research various lamp designs
that may be compliant.

Students make sketches of their individual
designs and once approved, prepare a formal
engineering drawing in strict compliance with
the design specification

Students develop and submit a formal “Bill of
Materials” for the various parts necessary to
build their lamp design.

Students assemble their lamps using hand and
power tools, adhesives and fasteners.

Students wire and test their lamps using cord,
plugs, sockets and fasteners

Students test their lamp to ensure electrical
functionality
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Differentiation

Differentiation/Assessments

Interdisciplinary Connections

e Mathematics - calculation of mass, average
speed and terminal velocity

e Mathematics - measurement of all specification
requirements and constraints

e Engineering - reading and developing scale
drawings

e Art - Exploration of Design suggestions; smooth
surface design and finish will reduce drag and
create an aesthetically pleasing product

e Science - Understanding Newton’s Laws and
the result of friction on a vehicle

e Science - Understanding of aerodynamics as the
branch of dynamics that deals with motion of air
and other fluids over an object

e Science — Understanding electricity, voltage,
circuits, wires, switches and electron flow

Technology Integration

e Use of Internet for lesson related research

e Chromebooks for research on dragsters and
aerodynamic forces OR for research on lamp
designs and wiring methods,

e Google Classroom(™) for collaboration,
brainstorming of ideas, analysis of data,
maintaining logs and portfolio, communication
of results and distribution of project handouts

e Google Forms(™) for formative assessment

e Use of internet for lesson related videos

Media Literacy Integration
e The use of multimedia presentation materials
(print, audio, video) are prevalent throughout the
instruction cycle

Global Perspectives

e Architects and engineers use the same drawing
methods to convey their ideas to other
Scientists and engineers all use the same design
process all over the world

e There is a universal language of design and
measurement using the metric system of
measurement

e Drawings and renderings of a design must be
drawn accurately to scale and be precise to
allow for success in the global manufacturing
universe

e Electrical voltages and frequencies and the
associated electrical hardware differ
significantly throughout the regions of the
world.

Formative Assessments:
e Teacher Observation
e Teacher Questioning
e Engineering Notebook Review

Summative Assessments, Projects
e Google Forms(™) Assessment
e (O2 test bed results; OR
e Lamp functional testing in accordance with the
associated rubric

Revised July 2021




Highlighted Supports are employed in this Unit

Supports for English Language Learners

Interactive
Supports

Sensory Supports | Graphic Supports

Using cooperative
group

Magazines & Timelines Structures

Newspapers

Physical activities | Number lines

Broadcasts With mentors

Intervention Strategies

Accommodations Interventions Modifications

Permit response Increase

provided via opportunities to

computer or engage in active

electronic device academic
responding

Career-Ready Practices

CRP1: Act as a responsible and contributing citizen
and employee.

CRP2: Apply appropriate academic and technical
skills.

CRP4: Communicate clearly and effectively and with
reason.

CRP5: Consider the environmental, social and
economic impacts of decisions.

CRP6: Demonstrate creativity and innovation.
CRP7: Employ valid and reliable research strategies.
CRP8: Utilize critical thinking to make sense of
problems and persevere in solving them.

CRP9Y: Model integrity, ethical leadership and effective
management.

CRP11: Use technology to enhance productivity.
CRP12: Work productively in teams while using
cultural global competence.
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Audio Books Utilize pre-reading
strategies and
activities previews,
anticipatory guides,
and semantic
mapping

Recommended Texts to Support Unit:

Hacker, M., & Burghardt, D. (2008). Technology education: Learning by design. Pearson/Prentice
Hall.
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