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A REPERTOIRE OF INSTRUCTIONAL AND ASSESSMENT STRATEGIES ACROSS THE 5E MODEL

	Engage:  To identify students’ existing science ideas.

	Assessment Activity
	Example
	Teacher Role
	Student Role

	KWL Chart – This table helps students think about what they KNOW about a topic, what they WANT TO KNOW about it, and after they have finished, what they LEARNED.  
	Concept – The Moon In small groups, students fill in a KWL chart about everything they know about the moon.
	Breaks students into groups, provides an explanation of the KWL activity and provides time for the students to complete the task.
	Work in groups to complete the task.

	http://www.squires.fayette.k12.ky.us/library/research/problem3.htm

	Concept Map – A visualizing technique for representing networks of  knowledge.  Networks consist of nodes and links. Nodes represent concepts and links represent the relations between concepts.
	Concept – Reflection 

Make a map of what you know about light.  Place the following terms in bubbles:  light, reflection, shadow.  Add at least three additional bubbles containing your terms.  Label connections between bubbles.


	Assigns students a topic, nodal terms, and connecting terms.  
	Arrange the topic and terms into nodes and label the connecting links.

	http://www.inspiration.com/

	Card Sort Task –Helps students clarify confusing ideas by examining a number of examples that are written on cards.  By sorting the cards and discussing reasons for the sort, students are able to clarify their thinking.
	Concept – Solutions and Phase Change -

Students sort cards with pictures of melting and dissolving.   
	Makes cards consisting of statements or pictures or both.   
	Work in pairs to sort the cards into categories, e.g.,  melting vs. dissolving.  When the sort is complete, students write a paragraph that describes the properties of the sorted piles.  

	Memoir – Writing activity that puts students in touch with what they already know about a topic and where they learned it.

	Concept - Magnets

Think back about what you know about magnets.  What are some claims you can make about magnets?  Where/how did you come to learn this about magnets?
	Creates the writing task.
	Reflect in writing on what they know and how they came to know it.





	Assessment Activity
	Example
	Teacher Role
	Student Role

	Brainstorming -  Focuses students on a problem, and asks them to generate multiple solutions. Ideas are developed as fast as possible and judgment is suspended. 
	Concept - Oxidation

Generate as many properties of a burning candle as you can in the next 2 minutes.
	Challenges students to list something (e.g., candle burning properties). Records ideas as students say them.  There should be no evaluation of the ideas as they are provided.
	Let the ideas pour as soon the teacher asks for them.  Build off each other’s ideas.

	http://pblmm.k12.ca.us/PBLGuide/Activities/brainstorm.html

	Interview or Questionnaire – Using a class constructed interview, pairs of students ask each other about their understanding of a concept. The pair discusses their findings and report to the whole class.  This may also be done as a questionnaire with the teacher doing all the analysis. 
	Concept - Force

What do you think is force?  Do you think force is acting on a book when you push it?  Do you think a force is acting on a book that rests on the table?  Do you think you are exerting a force on the chair?  Do you think the chair is exerting a force on you?
	Either provides the questions or enlists the students to assist.  Assigns student pairs.  Reviews what students think about force.
	Interview and write each other’s answers.  Compile the responses on the overhead in chart form.  Become aware of all the different responses to the questions.

	http://fndfl.org/college_resources/teachers_as_faculty/Activities/interview_activity.htm


	Explore:  To determine how students are building conceptual understanding.

	Assessment Activity
	Example
	Teacher Role
	Student Role

	Science Notebook – Has several uses, such as:  keeping an accurate list of daily observations, collecting data, describing the context for a lab or field experience, writing ideas for later thinking and writing, and making connections.
	Concept – Geology Today, I was climbing in Big Cottonwood Canyon.  The rock there is pinkish quartzite.  What is quartzite?  We didn't talk about that today.  It feels smooth like limestone.  There are white veins in it and it is very blocky.  The edges are almost square. 


	Describes the purposes of the science notebook and provides time to write.  Gives positive feedback on a regular basis. Respects the writing and the privacy of the student.
	Respond to events, phenomena, nature, and questions.  Wonder aloud. Contemplate.

	http://people.westminstercollege.edu/faculty/tharrison/naturalworld/notebook.htm


	Assessment Activity
	Example
	Teacher Role
	Student Role

	Daily Reflection, Problem of the Day, and Puzzlers – Problems that tease students into wondering about the topic they are studying.
	Concept - Space

The Earth spins on its axis once every 24 hours, making our day 24 hours long. How long is a moon day?
	Posts these questions on the bulletin board or on the overhead.  Can be used for extra credit or simply to motivate reflection.
	Enter the puzzler into their science notebook and brood over possible solutions.

	http://www.pbs.org/wgbh/nova/tothemoon/puzzlers.html

	Minute Papers - Students respond to a lecture or discussion  by indicating one thing they learned and one thing that was unclear to them.  Provides formative feedback for directing instruction.
	Concept – Light 

What was unclear about today’s discussion about refraction?  What is one thing you learned?
	Provides time at the end of class.  Reads the responses outside of class, and provides the needed instruction in subsequent classes.
	Write for one minute at the end of a class period.

	http://www.psu.edu/celt/CATs.html#2

	Conceptual Cartoon Feature cartoon-style drawings showing different characters arguing about an everyday situation.  Designed to intrigue, to provoke discussion and to stimulate scientific thinking. 
	Concept – Heat Picture a snowman with several students standing around with cartoon bubbles above their heads.  They are saying:  “Don’t put the coat on the snowman, it will melt him.” And, “I think the coat will keep him cold and stop him from melting.
	Presents the cartoon to the class on the overhead or on the bulletin board. 
	Discuss claims in the cartoon, providing evidence for their choices. 

	http://www.conceptcartoons.com/what_is_a_concept_cartoon.html

	Think/Pair/Share

The instructor poses a challenging question and gives students a short time to think about the question. Students then pair with a neighbor, discuss possible solutions, and share with the class.
	Concept – Living or Dead -  Do you think a seed is alive?  Why do you think so?
	Gives the question—pauses—asks students to pair—pauses—asks for students share orally or in writing.


	Write down their thoughts on note cards. Share with a partner.  Share with the whole class.

	Drawings

Students draw diagrams that demonstrate their understanding of a concept and use the drawing to help them solve a problem.
	Concept – Force What is the smallest mirror you can have to see your entire body? 
	Provides the problem and drawing materials.
	Complete a diagram showing their solutions to the problem.


	Assessment Activity
	Example
	Teacher Role
	Student Role

	Predicting Activities In order to make an accurate prediction, students must gather all information that is available on the topic and decide what is likely to happen next. 
	Concept – Weather

To make weather predictions, the student must have at least basic knowledge of the process that creates the weather, as well as access to sophisticated technology.
	Asks students to make predictions that are based on concepts they have studied.  
	Make  predictions and give reasons based on evidence.

	http://www.bnl.gov/scied/mste/res/predict.html

	Graphic Organizers Visual ways to organize what we know, especially useful in making sense of reading materials.
	Concept – Evolution

Show how much human DNA has in common with monkey DNA with a Venn Diagram. Other examples of graphic organizers include Gowin’s Vee and fishbone diagrams.
	Shows the students how to construct the graphic organizer with an example. Then expects students to use the graphic organizer in conjunction with a given reading..
	Summarize their exploratory research with overlapping circles showing commonalities.   

	http://www.k111.k12.il.us/lafayette/fourblocks/graphic_organizers.htm


	Explain:  For students to demonstrate their current understanding.

	Assessment Activity
	Example
	Teacher Role
	Student Role

	Discrepant Event Explanation – The outcome of a discrepant event is often unexpected or contrary to what one would have predicted. This often leads to further investigation and  deeper understanding. 
	Concept - Gravity

Water leaking from a hole in a cup stops dripping the instant the cup is dropped.

(Answer:  the water in the cup drops at the same acceleration as the water outside the cup.  Therefore, no more water leaves the cup.)
	Asks for predictions.  Does the demonstration.  Leads a discussion about possible explanations.
	Predict, observe, and explain what they see. 

	http://www.scienceinquiry.com/demo-main.htm

	Mazur’s ConcepTest:  Well-posed multiple choice questions that probe the depth of understanding of important physical concepts without invoking equations or formulae.
	Concept - Buoyancy

A boat carrying a large boulder is floating on a lake.  The boulder is thrown overboard and sinks to the bottom of the lake.  Will the level of the water in the lake (with respect to the shore) go (a) up (b) down, or (c) stay the same? (correct choice is b)
	Uses the question as a tool to actively encourage students to check the depth of their own understanding. Modifies instruction according to the answers received.  Asks question again after reteaching to check for understanding.
	Select an answer and write an explanation.  Share their explanations with one another.  After further instruction, see if they want to change their answers.

	http://www.columbia.edu/cu/gsapp/BT/RESEARCH/mazur.html

	Assessment Activity
	Example
	Teacher Role
	Student Role

	Making Models –

Three dimensional models help students visualize and explain aspects of the natural world that are otherwise impossible to see or difficult to imagine.


	Concept – Earth in Space. Make a scale model of the solar system that fits inside 1000 meters.
	Creates the task and monitors progress with probing questions.
	Figure out how to represent parts of the model.  Build model.  Relate to concepts under study.

	http://www.vendian.org/mncharity/dir3/solarsystem/

	Make a Claim – Teacher compiles student claims about the concept under investigation.  Students agree or disagree with each.
	Concept - Buoyancy

After investigating buoyancy, students write claims such as:  objects with a density greater than one will sink or the buoyant force is equal to the weight of the water displaced.
	Invites students or groups to write their claims on transparencies.  Reads each claim and asks students to agree/disagree. 
	Make claims and indicate agreement or disagreement.

	Meaningful Paragraphs – The teacher provides seven technical terms about the concept and students use these terms to construct a meaningful paragraph that is grammatically correct.
	Concept – Rusting  Write a paragraph about rusting using the following terms:  rust, oxidize, reduce, iron, electrolyte, reactants, and products.  
	Gives the students the seven terms during the last 5-10 minutes of a class period and asks them to create a meaningful paragraph before they leave.  The teacher gives each reply a check +, check, or check -, depending on the quality.
	Students compose a paragraph and hand it to their teacher.  Ideally, students learn how well they understand the material and the teacher finds out how well students understand the technical terms that are being used.

	http://www


	Elaborate – For students to demonstrate their ability to apply/transfer their understanding to new contexts.

	Assessment Activity
	Example
	Teacher Role
	Student Role

	Application Problem Students apply their understanding of a concept to a specific related phenomenon in order to provide an explanation.  
	Concept – Moon  After studying phases of the moon, students are asked to evaluate representations of the moon in a set of children’s picture books.
	Provides the question, the materials, and the criteria that push students to elaborate their understanding at a deeper level.
	Investigate, either individually or in groups, the problem question and try to solve using recently learned concepts.

	http://www.users.bigpond.com/robertnowland/Earth%20Phases/phases.htm

	Paired Problem Solving - Presenting one’s problem solution aloud to a partner helps analytical reasoning skills.
	Concept – Forces Arnie and Wimpy are playing tug-of-war. Arnie wins, pulling Wimpy into the mud puddle. Explain why Arnie won, with explicit reference to the forces on Arnie, Wimpy, and the rope, and with explicit use of Newton's 2nd and 3rd Law. 

	Provides an even number of problems to be solved and class time to spend on the problem solutions.    Gives a brief period of time to solve.  Asks for solutions before going on to the next problem.
	Two students are given specific as roles as problem solver and listener. The problem solver reads the problem aloud and talks through the solution. The listener follows and catches any errors that occur. The listener asks questions if the problem solver's thought processes are unclear.  Students switch roles for each problem.

	http://citla.kysu.edu/Resources/Critical%20Thinking/Starting%20Point.htm

	Assessment Activity
	Example
	Teacher Role
	Student Role

	Design Activity – Students develop a plan that addresses a need or solves an engineering problem. Scale models or working prototypes are typically part of the project.
	Concept – Forces:  Design a roller coaster that is artistic, technically feasible, and safe.
	Provides guidelines, deadlines, guidance and an audience for the final demonstration and judging.


	Assemble materials and design.  Work in teams to develop a plan and a model that addresses the challenge.   

	http://www.lcse.umn.edu/~jolson/rcoaster/main.html

	Thought Experiment Devices of the imagination used to investigate nature.  Galileo and Einstein were, arguably, the most impressive thought experimenters.
	Concept – Pendulums: Fix the backyard swing.  In what ways could you make the crooked swing go straight
?
	Provides thought experiments for students to consider.
	Approach the problem by thinking (and drawing) possible solutions.

	http://plato.stanford.edu/entries/thought-experiment/


	Evaluate – To determine what students learned from the lessons and for students to be meta-cognitive about their learning.

	Assessment Activity
	Example
	Teacher Role
	Student Role

	Poster - Tells a story that includes a statement of the problem, description of the method, presentation of results, and summary of the work.  
	Concept – Photosynthesis. Students investigate the question How is photosynthesis like a bicycle? and present their findings as a poster.  
	Provides project guidelines, due dates, and an audience for the final presentation.
	Working singly or in groups, Present findings on a class project in an inviting manner.  Communicate the major aspects of the project to an audience.

	Examinations –For example, Constructed Response, Essay, and Lab Practical.  Constructed response items are open ended, short answer questions that measure application skills as well as content knowledge.  Often use authentic "real world" examples.
	Topic – Food Chain

Constructed Response example:  Draw a diagram of a food chain that includes three levels and explain.

(Each level of the food chain that is represented in the correct order receives full credit.)
	Develops constructed response items and rubrics to score responses in terms of specific goals of instruction.
	Respond in ways that clearly convey their understanding of the information in the required format.

	http://www.edteck.com/dbq/testing/const_resp.htm

	Assessment Activity
	Example
	Teacher Role
	Student Role

	Presentation -

At the end of a unit, students design a power point talk that summarizes what they have learned.
	Topic – Temperature

Create seven power point slides demonstrating what you have learned about temperature. 
	Provides presentation guidelines, tutorials on how to use technology, and due dates. 
	Use their ingenuity to develop an interesting presentation that demonstrates what they have learned.

	http://www.geocities.com/thesciencefiles/sci9/science9.html

	Comparison Essay 

Compares and contrasts the similarities and differences of two things. The two belong to the same class, and the same set of features are compared.
	Topic -  Plant Anatomy:

Compare the leaves
stem, flowers, and 
fruit of a tomato plant to a corn plant. Give equal attention to the two plants.
	Provides a written description of the assignment and deadlines for completion.
	Individually or in pairs, write an essay comparing two things or two aspects of something the class has been studying.

	http://www.langara.bc.ca/writingcentre/handouts/comparisonessay.html

	Final Reflection -

At the end of a unit of instruction or after the completion of a project, students discuss their most current understanding of the topic/concept and include diagrams, verbal explanations, and data from class observations.  
	Topic- Lunar phases.  Use your moon notebook to explain three phases of the moon. Why does the moon appear in those phases? Include diagrams, verbal explanations, and data from class observations to substantiate your understanding.  
	Provides a guidelines of what to include in the final reflection, and due dates. 
	Work individually to provide reflections on their learning.  May use their science notebook and lab results, however, their answers must demonstrate their understanding.

	Lab Report

The lab report generally follows a format that includes the purpose (in the form of a question), procedures, data (tables and charts), analysis (calculations and graphs) and conclusions.
	Concept - Friction Write a lab report as you investigate the frictional forces involved when pulling a block across a variety of surfaces.  
	Provides the materials and the guidelines for completing a lab report.  
	Write questions,  procedure, observations, analysis, and conclusions in the form of the lab report.

	http://www.ncsu.edu/labwrite/res/res-studntintro-labparts.html#introduction





	Assessment Activity
	Example
	Teacher Role
	Student Role

	Self-evaluation - 

At the end of a unit of instruction, students reflect on their work and the depth of their understanding, often comparing their current ideas to their beginning ideas.  The self assessment helps the student consider how to improve their work.
	Topic – Self Assessment Questions: Before I thought ____, now I think _______.

I could have done better if I had:

Before my next assessment I will change my study routine in these ways:
	Provides a self-evaluation form.  Reads and comments on student responses and helps them develop new learning goals.
	Complete the sell-assessment and write learning goals for future units/projects.

	http://www.teachervision.com/tv/printables/0130533688_ALFL0402.pdf

	Debate

Useful when there are two sides to a question.  Students take on the role of a stakeholder, gather data, form an argument and present his/her position.
	Concept –Wildlife Management

Hunting is a necessary tool for wildlife management.
	Provides a controversial statement, guidelines, and time limits.  Reviews appropriate debating behavior.
	Research various perspectives, gather pertinent evidence, develop a position, and represent that position in an appropriate format (eg. Town Meeting). 

	http://www.ku.edu/~cte/resources/teachingtips/controversy.html

	One-Page Memo 

In lieu of a lab report, students write a one page memo to a fictitious boss to report on findings of an investigation.
	Concept:  Chemical Reactions.  Now that your investigation has been completed, it is time to report to your boss at Acme Chemicals.  Your boss is a busy woman, and does not have time to read a 10-page laboratory report. Instead, she requires you to write a 1-page memo in which you highlight your research question, procedures, findings, conclusions, and implications for Acme Chemicals.

	Creates an audience for a memo, provides guidelines.
	Synthesizes their investigation into a short piece of writing.


