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Science Learning through
Engineering Design
















Time: 45 minutes
Procedures / Steps: (Include and/or number the steps or procedures to follow. Note key questions for students to consider / discuss)
1. Begin the lesson by writing the two terms of volume and weight on the SMART board. Ask students, “What does the word volume mean to you?  What does the word weight mean to you?  Have you used these words before?  When and how?  What is the difference between weight and volume?  If I gave you a box, how would you describe the weight?  How would you describe its volume?  Please show me.  Allow students to provide any ideas they may have about these concepts. 

2. Then, show students multiple dissimilar objects that have different weights and volumes. Ask the students if they think there is a difference between the objects. Then, instruct them to form a prediction about which object has the most/least volume and the object that has the most/least weight.

3. Present a  digital scale to the students and ask them what this particular tool is used to measure. Explain to them that this is one of the various different tools that can be used to measure the weight of an object.

4. Then weigh the objects in order to find the different weights of the objects. Record these different measurements in a table on the board and have students include them in their design notebooks.  

5. Define weight for the class by providing them with a working definition, “Weight is the amount of mass in an object.”  Have students record this definition in their design notebook. 

6. After, begin measuring the volume of each of the objects. The teachers will talk through this process by explaining to the students that volume is the amount of space an object takes up. This is measured by finding the length, width and height of an object then multiplying those measurements together. 

7. The groups will then be given a new object for them to measure both the weight and volume. It will be each of the group’s responsibility to accurately measure and record each of these observations. The classes groups will then report back their findings. The teacher will then confirm their accurate measurements or assist those who are still confused about these two concepts by reinforcing the working definitions of each. 


Time: 45 minutes
Procedures / Steps: (Include and/or number the steps or procedures to follow. Note key questions for students to consider / discuss)
1. Present the design task to the class by first passing out a sheet of paper with the written description to each student. Then ask the students to read it aloud to the entire class.

2. The teacher will then define each of the aspects of the design task to the students by providing them with a working definition of end user, client, problem, materials and constraints. This will be a general definition that can be applied to all design tasks. 

2. The class will then be asked by the teacher to reread the design task for the purpose of defining the end user, client, problem, materials and constraint presented in the task. The students will discuss this within their groups and record each portion of the task in their design notebook that will be provided to them. They will be asked to write each in the same format. (Example: Client: Boiler Safety Company)

3. After all students have been given an ample amount of time to discuss these different elements the teacher will then perform an informal assessment in order to ensure that each group has written down the correct information. This is essential in order to ensure that the students will be following the correct procedures given in the design task.

4. Then, the students will be given 10 minutes to create an individual design for their 6-pack carrier. Instruct the students to include the amount of each material used and approximate size of the carrier. The teacher should inform the students that this is not a time to share ideas with one another rather they should focus on the constraints given and utilize their own creativity.

5. Next, the students will each share their individual designs with one another within their group. The teacher should remind the students that each person’s design should be given consideration and should only be regarded positively. 

6. Then, the students will collaborate with one another in order to develop a whole team design. This prototype should incorporate at least one feature of each person’s original design. Instruct the students to include the amount of each material used and approximate size of the carrier. Each member of the group should draw this collaborative design in their engineering design notebooks. 


Time:  45-50 minutes
Procedures / Steps: (Include and/or number the steps or procedures to follow. Note key questions for students to consider / discuss)
Preparation: 
1. Allow students to first gather all of the listed materials for their group. (5 minutes)

2. Then instruct the students that they will be given twenty-five minutes to construct their team’s collaborative design that they have drawn in their design notebooks. Remind the students that they may only use the materials and tools that have been provided to them. Teacher should use online stopwatch as well because this can be displayed on the SMART board for all students to see and will ensure that the time limit is being followed. 

3. After the time has elapsed and the students have successfully constructed their six-pack carrier, the teacher will begin assessing each groups creation. They will come to the front of the room and explain what materials were used as well as how they satisfied the constraints given. They will also be responsible for identifying the client, end user and problem that they solved. Also, each group will be asked to reveal the volume and weight of their carrier. The teacher will record each group’s data on the board. Lastly, they will place six cans of soda in the carrier in order to determine whether or not it is able to successfully hold the required number of cans and if the cans could be securely held for three minutes. 

4. Each group will be responsible for recording the data in their engineering design notebooks. This will include the weight and volume of their carrier as well as whether or not the carrier was able to hold the six cans for three minutes. 

5. Lastly, the teacher will identify which group’s carrier weighed the least and most as well as which group’s carrier had the biggest or smallest volume. 

Time: 30-45 Minutes 
Procedures / Steps: (Include and/or number the steps or procedures to follow. Note key questions for students to consider / discuss)

1. After the students have completed their design task and had the chance to review how the other teams worked together, they will have the opportunity to discuss what they thought worked and what they thought was not successful.  Give the students ample time to talk aloud and use the terms of volume and weight, to decide why a specific design was successful or not.  

2. Once the students have decided why they believe that weight and volume effect the success of the carrying case, allow for them to decide how they would redesign their prototype.  

3. In their design notebook, ask the students to make specific suggestions on how they would change their case to be a better prototype.  Let them focus on the characteristics of volume and weight, to give examples as to how and why they would make these changes. 

4. Make sure to walk around during this process in order to ask the students why they would change the things they are suggesting.  Give the students 10 minutes to discuss their changes.

5. Once their time has expired, allow for each group to present the changes that they would make to their design.  

6. Have the students decide upon what carrying case would be the most successful after redesign.  

7. Close the lesson by reiterating why volume and weight affect the prototype.    

The two formats of assessment will include both formal and informal assessments. Examples of informal assessment include observation of students’ interactions, participation in classroom discussion and team collaboration. Examples of formal assessment include evaluation of students’ engineering design notebook and their presentation of their final prototype and scientific concepts, weight and volume. The first assessment format that we will use is the evaluation of the students’ engineering design notebook. Since the students will be recording their plan, data, design and results in this it gives us, the teachers, the ability to evaluate whether or not the individual student has actively engaged in the design process and fulfilled the necessary criteria for the solution for the problem presented within the task. 

Secondly, the students will be required to present their original design to the whole class. During this time they will explain the materials used in order to construct their carrier as well as how their product fulfills the requirements and constraints associated with the task. After they have spoken about their design process, they will inform the class on how they incorporated and assessed the two science concepts, weight and volume, when they were creating their final product. This will be accomplished through the presentation of a poster, power point or other visual aid.


Activity Extensions: 
To continue the ideas of using weight and volume in a design task, a teacher should add the concepts of gravity and force.  This would allow for more standards to be covered with this basic understanding of weight and volume.  A specific lesson to extend the concepts is to involve gravity.  Students could then understand that the weight of an object changes with gravity, but the mass does not.     

Web Resources:

http://www.internet4classrooms.com/grade_level_help/physical_science_force_of_gravity_fifth_5th_grade_science.htm
http://www.lessonplanet.com/search?keywords=force+of+gravity&media=lesson
Other Resources:
Other resources that can be used are the common core standards, science textbooks, and other teacher’s ideas to expand this lesson and concepts.  
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Boiler Safety Company needs your help to design a new carrying package for a six-pack of soda. Recently the 6 plastic ring carriers that are being used to carry soda have harmed the fish in the Wabash River. Therefore, we are asking you to design an environmentally friendly carrier that can easily carry six soda cans, is safe for the animals and is convenient to use. This new prototype would protect the environment, save the local ecosystems and give consumers a more convenient way to carry their soda. 
For this task Boiler Safety Company has generously provided you with duct tape, cardboard, string, 4 paint stirrers, copier paper, wax paper and 6 rubber bands. You will also be given a pair of scissors and a ruler as your tools. You may only use the given materials and tools when constructing your prototype. 

Measurements will be taken in order to determine the weight and volume of the container. Since Boiler Safety Company must only choose one prototype they will select the one that is able to successfully hold six cans of soda for duration of three minutes and has the smallest volume and weight. 

Formative Evaluation of Students Engineering Design Notebook after Initial Team Design and Before Construction of Product 

	
	0
	1
	2
	3

	Identified Problem, Setting, Constraints and Materials for Design Task
	Not Identified
	1 or 2 of criteria is identified but not defined 
	2 or 3 of the criteria identified and defined 
	All criteria is identified and clearly defined

	Designed a model that includes labeling of materials, quantities, and functionality
	No Model
	Idea is developed but the is no labeling of materials, quantities or description of function
	Model is drawn with some materials labeled with quantities and a general description of function
	Model is labeled with all necessary materials and exact quantity and function of the product and materials

	Students cooperatively collaborated with design team to create a design that incorporates all members ideas
	No Collaboration or Team Design
	Model drawn but there is no evidence of team collaboration for final design 
	Model only incorporates a portion of the design team’s ideas and the team works in a respectful manner
	The final design includes all of the members ideas and the group works in a productive and respectful manner

	Organization and clarity of all entries in engineering design notebook
	No Organization
	1-2 sections are labeled legibly and in and in an organized manner
	2-3 sections of the design process are labeled legibly and in an organized manner 
	All sections are labeled clearly and are written in an organized manner


Summative Assessment of Students’ Engineering Design Notebook after Construction, Reflection and Re-Design Entries
	
	0
	1
	2
	3

	Design team’s construction of initial model incorporates the outlined plan in students’ design notebook
	No Construction
	Model only contains some of the materials, quantities and ideas listed in the students’ design notebook
	Model only contains some of the materials, quantities and ideas listed in the students’ design notebook
	Model contains all of the materials, quantities and ideas listed in the students’ design notebook

	Reflection upon testing and data table is inclusive of scientific concepts and engineering design process
	No Reflection
	Reflection does not accurately assess scientific concepts or engineering design process
	Reflection generally addresses the scientific concepts and engineering design process included in the table and testing
	Reflection accurately addresses the scientific concepts and engineering design process included in the table and testing

	Students’ reflect upon the flaws and successes of the initial model and redesign according to the established criteria
	No Redesign Suggestions
	Students address 1-2 of the scientific concepts integrated into this task and only redesign according to some of the established criteria 
	Students address 2-3 of the scientific concepts integrated into this task and redesign according to most of the established criteria 
	Students address all of the scientific concepts integrated into this task and redesign according to most of the established criteria 

	Scientific Concept: Measurement
	No understanding of scientific concept of measurement and no units or quantities used. 
	Student does not include any form of measurement when testing their prototype. However, they include some units and quantities in their design model in the engineering design notebook. 
	Student understands that they must identify a measurement during testing but they are unable to describe the aspect being evaluated. However, they still include labels and units associated with the materials for the design model in the engineering design notebook.
	Student understands that the measurement used for testing is the duration of time structure withstands the force of gravity. They also include accurate units and quantities in their design model in engineering design notebook.


Summative Assessment of Students’ Presentation of Scientific Concepts and Final Design Product 
	
	0
	1
	2
	3

	Scientific Concept: Weight
	Student does not provide a clear definition for weight and does not include this idea in their design explanation. 
	Student is unsure of the definition of weight besides the units associated with weight. Therefore, they do not apply this scientific concept to their prototype. 
	Student understands that weight is dependent upon the presence of gravity however they are not able to apply this concept to the stability of their prototype’s structure. 
	Student understands that weight is dependent upon gravity and is able to apply this idea to the stability of their prototype’s structure. 

	Scientific Concept: Volume
	Student does not provide a clear definition for volume and does not include this idea in their design explanation. 
	Student is unsure of the definition of volume besides that it is associated with size. Therefore, they do not apply scientific concept to their prototype. 
	Student understands that volume is how much space an object occupies and is   measured by length, width and height but is unsure how to apply to the construction of their prototype. Therefore, they do not give consideration to the volume of their carrier to the 6 cans of soda.
	Student has a complete working definition of volume, which is the amount of space an object occupies (length x width x height) and constructs their prototype with awareness given to the number of cans that must fit in the carrier. 

	The final revised design is explained and justified based on criteria and previous findings 
	No final design is created or presented during assessment 
	Redesigned product is presented without application to criteria or previous findings
	Redesigned product is based on some of the criteria and previous findings
	Redesigned product incorporates all of the criteria and flaws identified in previous findings


Total Time Required: (Identify the number of class sessions and minutes) 


Four 45-minute class sessions





Grade Level:  5th Grade		 











Carefully Carrying Cans 





Prepared by: 	Morgan Richter and Abby McLean








Lesson Objectives: (List any 3 that directly apply to the lesson)


Students will be able to:


Identify the problem, client, end user, materials and constraints of the design task.


Define and apply scientific concepts of weight and volume. 








Indiana Science Standards: (Identify 2 content/subject-specific standards and 3 design process-specific standards)





Content specific


5.1.1 Describe and measure the volume and weight of a sample of a given material. 





The Design Process


Identify a need or problem to be solved.


Select the most appropriate materials to develop a solution that will meat a need. 


Select a solution to the need or problem.














Mathematics Connections: (Identify 2 or 3 connections or standards that apply)





5.MD.3 Recognize volume as an attribute of solid figures and understand concepts of volume measurement.


5.MD.1 Convert among different-sized standard measurement units within a given measurement system (e.g.,convert 5 cm to 0.05 m), and use these conversions in solving multi-step, real world problems.








Concepts and Vocabulary





Science Concepts / Vocabulary: (List and define relevant science/engineering/mathematical terms will use or need to know)





Term�
Defined by a scientist or engineer�
Defined by a 5th or 6th grade student�
�
Volume�
How much space an object occupies. (length x width x height = volume)�
The loudness of music or how big something is.�
�
Measurement �
Finding a number that shows the size or amount of something.�
The use of a ruler to measure a solid object in inches.�
�
Weight�
The force placed on an object due to gravity. �
Relate to their own weight in pounds. �
�
�
�
�
�
�
�
�
�
�
�
�
�






Equipment, Materials and Tools





List the quantities of all materials and equipment needed:�


Tools�
Materials�
Wax Paper (per group)�
Design Notebooks�
�
Scissors�
Duct Tape (per group)�
String (per group)�
Pencils �
�
Ruler�
6 full cans of soda�
4 Paint Stirrers (per group)�
�
�
Scale �
Cardboard (per group)�
6 Rubber Bands (per group)�
�
�
�
Copier Paper (per group)�
�
�
�












Special Materials Notes and Comments





Include specific scientific information relevant to the task (i.e., comprehensive explanations of the “science concepts” and how they are related). Include graphics, illustrations, or concept maps. List relevant web sites. Note any special materials or procedures that need to be included or followed. 























�











	Weight and volume are two concepts that must be understood during these lessons.  The first idea of weight that may be presented to the students is through a concept map of their ideas.  When discussion with them what they believe weight is, they may provide such definitions as how much matter something has or the pounds that an object has.  This can be shown through measurement of weight, which can be shown by measuring with a scale or balance.  The above concept map shows that a measurement of weight can be taken and measure in grams and pounds.  


	When speaking on volume, students must be introduced that it is also a measurement of weight multiplied by length multiplied by height.  The volume of an object can be measured with beakers or graduated cylinders, and rulers.  It can be measured in inches, centimeters, millimeters, and milliliters. 























Lesson Plan #1


Guiding Question – 





Lesson Plan #2


Guiding Question – 





Lesson Plan #3  


Design Challenge – 





Lesson Plan #4  


Design Challenge – What feedback do you get on your design?





Assessment





Lesson Extensions and Resources





Design Activity


Student Resource 





Measurement - Finding a number that shows the size or amount of something.





Beakers/ Graduated Cylinders – Measures volume in mL








Ruler/ Measuring Tape – Measures length in feet, inches, centimeters, millimeters








Scale/ Balance – Measures weight in mg, grams or pounds   
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