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	How will the zoo caretakers transport the animals to their new exhibits?
 
Animals at the zoo are always on the move!  But what happens when they need to move from their exhibit.  How do zoo caretakers transport the animals when vehicles can no longer help? 
 
During this unit the students use the design process engineers use when they are trying to solve a real world problem with criteria and constraints.  Students will use a similar process to create a model of a system that could be used to move animals from one exhibit to another.  The students will apply knowledge of mathematics, science, and social studies to address the criteria and constraints of the problem.
 
	Next Generation Science Standards
3-PS2-1
3-5-ETS1-2
3-5-ETS1-3
 
Common Core for Mathematics
3.MD.5
3.MD.7
3.MD.7b
 
Common Core for ELA
Writing
W2
Speaking and Listening
SL1
SL4
 
 
MD Social Studies State Curriculum
 
*Disclaimer: Standards will be updated upon adoption of the new Social Studies State Standards.
	1. Learn and Apply Rigorous Science, Technology, Engineering, and Mathematics Content
 
2.Integrate Science, Technology, Engineering, and Mathematics Content
 
3.Interpret and Communicate Information from Science, Technology, Engineering, and Mathematics
 
4.Engage in Inquiry
 
5.Engage in Logical Reasoning
 
6.Collaborate as a STEM Team
 
7.Apply Technology Strategically


 
	Overview
This is a summary of what students will learn in the unit. It explains the unit’s focus and real world connection. 

	Inventions to the Rescue is a STEM-centric thematic unit that provides students the opportunity to apply their understanding of forces and motion when designing a system for transporting objects over various terrains.  In the real world, zoo caretakers need to move animals within the zoo for various reasons. Vehicles can not fit into some buildings, exhibits, or on smaller pathways.  In this case, something else needs to be used if the animal is too heavy or too large to carry.  The students will address this problem by designing and building a model of a system for transporting an animal. This unit includes having students explore the effect of balanced and unbalanced forces on the motion of an object over various terrains.  The students will use their content knowledge of mathematics (measurement), science (forces and motion), visual arts (artistic process), and social studies (geographical characteristics) to address the criteria and constraints of the problem presented to the student in the form of a design challenge. The students will employ practices from mathematics, engineering, and science to design, build, and test a model of the system.  The engineering design process flows throughout the entire unit so that the students have the opportunity to work through the process as it fits within each lesson. The students will use text in various formats to bridge their understanding of content and will communicate their findings verbally and in writing through the construction of the model. 


 
	Enduring Understandings
These go beyond discrete facts or skills to focus on larger concepts, principles, or processes. They are transferable - applicable to new situations within or beyond the subject.

	Science
· Each force acts on one particular object and has both strength and a direction.
· An object at rest typically has multiple forces acting on it.
· Forces cause change in the objects speed or direction.
· Engineers improve existing technologies or develop new ones to increase their benefits, decrease known risks, and meet societal demands.
· Different solutions need to be tested in order to determine which best solves the problem, given the criteria and the constraints.
· Testing a solution involves investigating how it performs under a range of likely conditions.
 
  Mathematics
· Measurement describes the attributes of objects and events.
· Attributes of objects can be measured using processes and quantified units, and using appropriate techniques, tools, and formulas.
· Demonstrate an understanding of the concepts of length, width, area, and perimeter.
· Different solutions need to be tested in order to determine which best solves the problem, given the criteria and the constraints.
· The success of a design solution determined by considering the features of the solution (criteria).
· Engineers research the measurable attributes of their subject to help them with the development of their designs.
Fine Arts
· Engineers/scientists and artists follow a series of steps to find solutions to problems and invent things.  Engineers call it the design process; artists call it the creative process. 
 


  
	Essential Questions
Essential questions are open-ended questions that provoke inquiry about the core ideas for the unit. They are grade-level appropriate questions that prompt intellectual exploration of a topic.

	Science
1. How do equal forces and unequal forces on an object affect the object?
2. How are products evaluated and refine as part of the engineering design process?
 
Mathematics
1. How do we determine the size of the space our system needs to transport our animal?
2. How do engineers use measurement to test the success of their solutions?
 
Social Studies
1. How are transportation problems solved with inventions and creative thinking?
2. How do different types of terrain impact the design of transportation systems?
 
Visual Arts
1. How can problems be solved with inventions, art, and creative thinking?
How do artists and engineers represent planning and ideas in the design process?


 
	Content Standards
This section will list Maryland State Curriculum content standards from multiple disciplines that are addressed in the unit.

	Next Generation Science Standards
3-PS2-1  Plan and conduct an investigation to provide evident of the effects of balanced and unbalanced forces on the motion of an object.
3-5-ETS1-2  Generate and compare multiple possible solution to a problem based on how well each is likely to meet the criteria and constraints of the problem.
3-5-ETS1-3  Plan and carry out fair test in which variables are controlled and failure points are considered to identify aspects of a model or prototype that can be improved.
 
Common Core for Mathematics
2.OA.4  Ability to apply experience with partitioning rectangles into rows and columns to count the squares within.
3.MD.5  Recognize area as an attribute of plane figures and understand concept of area measurement.
3.MD.5a  A square with side length 1 unit, called “a unit square,” is said to have “one square unit” of area, and can be used to measure area.
3.MD.6  Measure areas by counting unit squares (square cm, square m, square in., square ft., and improvised units).
3.MD.7  Relate area to the operations of multiplication and addition.
3.MD.7b  Multiply side lengths to find areas of rectangles with whole-number side lengths in the context of solving real world and mathematical problems, and represent whole-number products as rectangular areas in mathematical reasoning.
 
Common Core for ELA
Writing
W2  Write informative/explanatory texts to examine a topic and convey ideas and information clearly.
 
Speaking and Listening
SL1  Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher led) with diverse partners on grade 3 topics and texts, building on others’ ideas and expressing their own clearly.
SL4  Report on a topic or text, tell a story, or recount an experience with appropriate facts and relevant, descriptive details, speaking clearly at an understandable pace
SL5 Add drawings or other visual displays to descriptions when appropriate to clarify ideas, thoughts, and feelings.
 
Maryland State Curriculum Social Studies Standards
*Disclaimer: Standards will be updated upon adoption of the new Social Studies State Standards.


 
	Connections to the Maryland State STEM Standards of Practice
This section identifies the essential skills and knowledge from STEM Standards of Practice that will be addressed in the unit. 

	1. Learn and Apply Rigorous Science, Technology, Engineering, and Mathematics Content
2. Integrate Science, Technology, Engineering, and Mathematics Content
3. Interpret and Communicate Information from Science, Technology, Engineering, and Mathematics
4.  Engage in Inquiry
5. Engage in Logical Reasoning
 
6. Collaborate as a STEM Team
 
 7.  Apply Technology Strategically
 
All essential skills and knowledge for the Maryland State STEM Standards of Practice are addressed in this unit.  To view the STEM Standards of Practice please visit: http://mdk12.org/instruction/academies/MarylandStateSTEMStandardsofPractice_.pdf


 
	Clarifications/Examples
This component will provide extensions of the essential skills and knowledge found in the Maryland State Curriculum. These extensions will include examples as appropriate.

	Science
Clarification:  Examples could include an unbalanced force on one side of a ball can make it start moving, and balanced forces pushing on a box from both sides will not produce any motion at all.  Assessment Boundary:  Assessment is limited to one variable at a time:  number, size, or direction of forces.  Assessment does not include quantitative force size, only qualitative and relative.  Assessment is limited to gravity being assessed as a force that pulls objects down. 
Resource: NGSS:  3-PS2-1
 
Clarification:  In grades 3-5, students understand that a system is a group of related parts that make up a whole and can carry out functions its individual parts cannot.  They can also describe a system in terms of its components and their interactions. 
Resource:  NGSS Appendix G – Crosscutting Concepts April 2013
 
Clarification:  In grades 3-5, Students routinely identify and test causal relationships and use these relationships to explain change.  They understand events that occur together with regularity might or might not signify a cause and effect relationship. 
Resource:  NGSS Appendix G – Crosscutting Concepts April 2013
 
Clarification:  Asking questions and defining problems in grades 3-5 builds on K-2 experiences and progressions to specify qualitative relationships.  Modeling in 3-5 builds on K-2 experiences and progresses to building and revising simple models and using models to represent events and design solutions.  Planning and carrying out investigations to answers questions or test solutions to problems in 3-5 builds on K-2 experiences and progresses to include investigations that control variables and provide evidence to support explanations or design solution.  Analyzing data in 3-5 builds on K-2 experiences and progresses to introducing quantitative approaches collecting data and conducting multiple trials of qualitative observations.  When possible and feasible, digital tools should be used.  Constructing explanations and deigning solutions in 3-5 builds on K-2 experiences and progresses to the used of evidence in constructing explanations that specify variables that describe and predict phenomena and in designing multiple solutions to design problems.  Engaging in argument from evidence in 5-5 builds on K-2 experiences and progresses to critiquing the scientific explanations or solutions proposed by peers by citing relevant evidence about the natural designed world(s).
Resource:  NGSS Appendix F – Science and Engineering Practices in the NGSS


  
	Connection to STEM Careers
This section describes careers in the STEM fields that correlate with content covered in the unit.

	Zoologist:  Study the origins, behavior, diseases, genetics, and life processes of animals and wildlife. May specialize in wildlife research and management. May collect and analyze biological data to determine the environmental effects of present and potential use of land and water habitats.
(Resource:http://www.onetonline.org/link/summary/19-1023.00 )
 
Nonfarm Animal Caretaker:  Feed, water, groom, bathe, exercise, or otherwise care for pets and other nonfarm animals, such as dogs, cats, ornamental fish or birds, zoo animals, and mice. Work in settings such as kennels, animal shelters, zoos, circuses, and aquariums. May keep records of feedings, treatments, and animals received or discharged. May clean, disinfect, and repair cages, pens, or fish tanks.
(Resource:http://www.onetonline.org/link/summary/39-2021.00 )
 
Budget Analysts:  Examine budget estimates for completeness, accuracy, and conformance with procedures and regulations. Analyze budgeting and accounting reports.
(Resource:  http://www.onetonline.org/link/summary/13-2031.00 )
 
Commercial and Industrial Designers:  Develop and design manufactured products, such as cars, home appliances, and children's toys. Combine artistic talent with research on product use, marketing, and materials to create the most functional and appealing product design.
(Resource:  http://www.onetonline.org/link/summary/27-1021.00 )
 
Mechanical Engineers:  Perform engineering duties in planning and designing tools, engines, machines, and other mechanically functioning equipment. Oversee installation, operation, maintenance, and repair of equipment such as centralized heat, gas, water, and steam systems.
(Resource:  http://www.onetonline.org/link/summary/17-2141.00 )
Mobile Heavy Equipment Mechanics, Except Engines:  Diagnose, adjust, repair, or overhaul mobile mechanical, hydraulic, and pneumatic equipment, such as cranes, bulldozers, graders, and conveyors, used in construction, logging, and surface mining.
(Resource:  http://www.onetonline.org/link/summary/49-3042.00)
Graphic Designers:  Design or create graphics to meet specific commercial or promotional needs, such as packaging, displays, or logos. May use a variety of mediums to achieve artistic or decorative effects.
(Resource:  http://www.onetonline.org/link/summary/27-1024.00)
Team Assemblers:  Work as part of a team having responsibility for assembling an entire product or component of a product. Team assemblers can perform all tasks conducted by the team in the assembly process and rotate through all or most of them rather than being assigned to a specific task on a permanent basis. Assemblers may participate in making management decisions affecting the work. This includes team leaders who work as part of the team.
(Resource:  http://www.onetonline.org/link/summary/51-2092.00)
Materials Engineers:  Evaluate materials and develop machinery and processes to manufacture materials for use in products that must meet specialized design and performance specifications. Develop new uses for known materials. This includes those engineers working with composite materials or specializing in one type of material, such as graphite, metal and metal alloys, ceramics and glass, plastics and polymers, and naturally occurring materials.
(Resource:  http://www.onetonline.org/link/summary/17-2131.00)
Fine Artists, Including Painters, Sculptors, and Illustrators:  Create original artwork using any of a wide variety of media and techniques
(Resource:  http://www.onetonline.org/link/summary/27-1013.00)
 
Surveyor:   Make exact measurements and determine property boundaries. Provide data relevant to the shape, contour, gravitation, location, elevation, or dimension of land or land features on or near the earth's surface for engineering, mapmaking, mining, land evaluation, construction, and other purposes.
(Resource:  http://www.onetonline.org/link/summary/17-1022.00 )
 
Patent Lawyer:  Represent clients in criminal and civil litigation and other legal proceedings, draw up legal documents, or manage or advise clients on legal transactions. May specialize in a single area or may practice broadly in many areas of law. 
(Resource:  http://www.onetonline.org/link/summary/23-1011.00 )


  
	Transdisciplinary Connections
This section will broadly list the content areas the unit covers and suggest opportunities for real world connections between science, technology, engineering, mathematics, and other disciplines. 

	As students work collaboratively to design a model of a system they will use the transdisciplinary approach to learning which is organized around student questions, where concepts and skills are developed through real-life context (Drake and Burns, 2004).  “Inventions to the Rescue” is a STEM centric thematic unit that is designed to allow students to ask questions, perform investigations, conduct research, and communicate findings across multiple disciplines.  The real world connection is how do zoo caretakers transport animals when vehicles can no longer help?  This unit will answer probing questions such as, but not limited to, the following:
· In science, how do forces and interactions impact the design of transportation technologies?
· In mathematics, how does measurement play an important role in the design process?
· In visual arts, how does art play a role in the engineering design process?
· In social studies, how do transportation technologies help to solve problems?


  
	Suggested Student Outcomes
These are the specific student outcomes for the unit and are aligned with but not limited to Maryland State Curriculum in science, technology, engineering, mathematics, and other disciplines. They describe the transferable knowledge and skills that students should understand and be able to do when the unit is completed. The outcomes are often components of more broadly-worded standards and sometimes address knowledge and skills not necessarily related to the standards. The lists of outcomes are not exhaustive, and the outcomes should not supplant the standards themselves. Rather, they are designed to help teachers “drill down” from the standards and augment as necessary, providing added focus and clarity for lesson planning purposes.

	Science
Students will:
· explain changes in objects’ motion in terms of unbalanced forces.
· describe forces using qualitative data with force diagrams.
· conduct a fair test for the durability of their model on both smooth and rough terrains.
· analyze testing results to evaluate and refine their system by using a design process.
· communicate the results of their findings.
Mathematics
Students will:
· identify an attribute of the animal to be measured, choosing an appropriate unit, and comparing that unit to the animal being measured.
· identify the appropriate technique of measurement for this particular task.
· apply their understanding of the concepts of determining perimeter and area. 
· estimate and measure for perimeter and area.
 
Social Studies
Students will:
· identify different types of terrain within geographic locations and forms of transportation technology that are used.
· ask questions about the different forms of transportation technology they find.
· compare and contrast different forms of transportation technology.
· make generalizations about why some types of transportation technologies are better for a given geographical area, terrain/landform, or situation than others.
· analyze and discuss why people use transportation technologies in their everyday life.
· research animal habitats to find out the terrain that would be used within the zoo.
· actively participate in discussions with the whole class, team and peers to build personal understanding.
 
Visual Arts
Students will:
· analyze and interpret similarities and differences between visual arts and science design processes.
· create art that illustrates friction, force, and motion.
· utilize “Inventions to the Rescue” sketchbook journal to draw and label a series design sketches.


 
	Vocabulary/Terminology/Concepts
These are concepts and terms that will be encountered - often for the first time - over the course of the unit. The list is not comprehensive; it is meant to highlight terms that either are particular to the unit, are introduced there, or that play a large role in the work or content of the unit. These terms and concepts are usually implied by the standards, but not always made explicit in them

		Science
 
motion
force
balanced
unbalanced
gravity
friction
energy
	Mathematics
 
attribute
area
perimeter
square units
units
length
width
inch
 
 
	Visual Arts
 
abstract art
texture
creative process
line
sketch
contour line
 
 
	Social Studies
 
technology
terrain
transportation





 
	Common Misconceptions
This component will provide insights into areas that have historically presented challenges for both the teacher providing the instruction and the student understanding the concept. 

	Topic/Standard/Concept
	Misconception
	Strategies to Address Misconception

	Vehicles
	“vehicle” means car/truck
	Use the term “form of transportation” or “transportation model” rather than vehicle if possible.  Provide the students the opportunity to understand the difference.  Review different contexts/uses for the term.  The term “vehicle” is defined in broad terms as a device or structure for transporting persons or things.  That means that a sling shot and or conveyor belt are also “modes of transportation” or “transportation technologies” (e.g. http://www.mulag.de/foerderbandwagen.html?&L=1)


  
	Key Advances from Previous Grades/Courses
 Statements about what was learned in previous grades/course that will support student learning.

	Science
K-PS2-1. Plan and conduct an investigation to compare the effects of different strengths or different directions of pushes and pulls on the motion of an object. [Clarification Statement: Examples of pushes or pulls could include a string attached to an object being pulled, a person pushing an object, a person stopping a rolling ball, and two objects colliding and pushing on each other.] [Assessment Boundary: Assessment is limited to different relative strengths or different directions, but not both at the same time. Assessment does not include non-contact pushes or pulls such as those produced by magnets.]
K-PS2-2. Analyze data to determine if a design solution works as intended to change the speed or direction of an object with a push or a pull.* [Clarification Statement: Examples of problems requiring a solution could include having a marble or other object move a certain distance, follow a particular path, and knock down other objects. Examples of solutions could include tools such as a ramp to increase the speed of the object and a structure that would cause an object such as a marble or ball to turn.] [Assessment Boundary: Assessment does not include friction as a mechanism for change in speed.]
 
Mathematics
2.G.2
Partition a rectangle into rows and columns of same-size squares and count to find the total number of them.
2.MD.1Measure the length of an object by selecting and using appropriate tools such as rulers, yardsticks, meter sticks, and measuring tapes.
2.MD.3Estimate lengths using units of inches, feet, centimeters, and meters.
2.MD.4Measure to determine how much longer one object is than another, expressing the length difference in terms of a standard length unit.
2.MD.5Use addition and subtraction within 100 to solve word problems involving lengths that are given in the same units, e.g., by using drawings (such as drawings of rulers) and equations with a symbol for the unknown number to represent the problem.
2.MD.6Represent whole numbers as lengths from 0 on a number line diagram with equally spaced points corresponding to the number 0, 1, 2, …, and represent whole-number sums and differences within 100 on a number line diagram.
2.MD.9Generate measurement data by measuring lengths of several objects to the nearest whole unit, or by making repeated measurements of the same object. Show the measurements by making a line plot, where the horizontal scale is marked off in whole-number units.
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