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This newsletter is the final issue of the series that has focused on an individual section of Characteristics of High-Quality Teaching and Learning in Science (CHQTL). This newsletter will focus on Section Five: Knowledge of Content. More information, including a listing of these characteristics specific to science and professional development resources, can be found at http://www.education.ky.gov/KDE/Instructional+Resources/High+Quality+Teaching+and+Learning/Characteristics+of+High+Quality+Science+Teaching+and+Learning.htm.

What do we mean by “knowledge of content?”

Knowledge of Content: a teacher’s understanding and application of the current theories, principles, concepts and skills of a discipline

The Teacher’s Content Knowledge as a Motivational Factor

Dr. Richard Curwin, co-author of Discipline with Dignity, describes the teacher’s enthusiasm for the content (and therefore his/her knowledge of it) as the strongest motivational tool. Curwin believes the only true answer to the often-asked question “Why do we need to know this?” should be rooted in the teacher’s love and mastery of the content. According to him, “Because I love it ... and I want you to love it, too” is the only real answer that makes sense. Students (especially unmotivated ones) rarely are impressed with their teacher’s vast content knowledge. They can, however, be impacted by the enthusiasm with which a skilled teacher makes an effort to invite students into that content. As illustrated further below, strong content knowledge makes this task easier.

Ultimately, it is the students who control how much effort they are willing to devote to the work they are given. Likewise, it is the teacher who determines the quality of the tasks students are asked to complete in the classroom. In most cases, having a deep knowledge of the content being taught is crucial for a teacher to design learning experiences that serve the dual purpose of being rigorous and scientifically accurate and engaging enough that students are willing to expend their time and energy to complete them. 

Only a superficial understanding is needed to create engaging activities when only addressing the surface level of a topic, but to be equally engaging while also being rigorous requires the teacher to master the content. Especially in science, knowing the deep details of certain physical phenomena is very helpful in building a learning sequence that is both engaging and also sequenced in such a way that students grasp it easily.

Developing Content/Conceptual Knowledge
"If I had to reduce all of educational psychology to just one principle I would say this: The most important single factor influencing learning is what the learner already knows. Ascertain this and teach him accordingly" (David Ausubel, 1968).

If we think about learning science in terms of “construction” of knowledge and understanding, then using the metaphor of “building a house” can illustrate the power of misconceptions. Science is about understanding the natural world, and as we are all inhabitants of this natural world, we have all had a plethora of opportunities to draw conclusions about how the world works. In fact, research tells us that prior knowledge determines what we learn from subsequent experiences. These early interpretations of all types of phenomena form the “foundation” of our house. Suppose, however, that that foundation is constructed on unstable ground — above a sinkhole or on an eroding patch of land. If that information is not known, then construction continues on the building.  As other bits of knowledge are added — the house’s framing — it must attach easily to the foundation. So, when need be, the learners may make a few “adjustments” to the blueprints they are following to accommodate necessary progress. 

The children’s book Fish is Fish by Leo Lionni does a wonderful job of illustrating this notion of building onto prior knowledge. Sometimes “adjustments” are small and seemingly insignificant. However, by the time the finishing touches are ready to be put on the house, some things just no longer “fit.” They are either forced into place, or covered up — not going beyond the surface to the source of the issue.  At some point, though, as the house “settles,” the root cause of the problem must be confronted in order to have any chance of fixing it.  

In learning, this “faulty building” can go on for years — especially if students are held only to superficial knowledge and routine application of information. It can prove devastating to learners, though, when they have “built” a good deal of their “knowledge house” and it begins to come apart, and they are forced to look at the “foundation” — to confront the source of their understandings. It can make them feel inept and frustrated with the entire study of science. They may give up — believing that they must not be smart enough to continue learning at higher levels.  

Our task, then, is no easy one. So much of what is believed about the world and how it works is learned outside of classrooms and schools. So, what can we do to remedy this problem? Research tells us we need to begin by making ourselves aware of the likely misconceptions students may have, systematically design experiences that reveal students’ misconceptions, then deliberately plan instructional experiences that force learners to confront their own misconceptions in a non-threatening classroom climate. We must view science learning as the refinement of everyday ideas, requiring a good amount of time and a rich social context. While it would be nice and convenient to just tell students when they have a misconception and provide them the correct conceptual understanding, research suggests that it just isn’t that easy. Students may be able to parrot back a description or definition, but when asked to apply — especially in a new situation — most learners revert back to their own tenacious conceptions.  

Research into how people learn indicates that engaging in experiences that force us to butt our ideas up with other evidence does promote conceptual change — though not at the speed or rate we’d probably like. Multiple experiences are often needed with a concept or phenomena before old conceptions are replaced. 

Recommendations for helping students change their conceptual frameworks include the following steps (Minstrell and Smith, 1983):

• Ask children for their ideas.
• Listen respectfully to the ideas students express.
• Guide the students into developing experiments or experiences that will allow them to test the alternatives they propose.
• Encourage the children to discuss and resolve discrepancies.
• Listen respectfully again. (Sneider & Ohadi, 1998, p. 267)
Below are some high-quality resources to assist you in uncovering student knowledge and understanding:

Uncovering Student Ideas in Science: 25 Formative Assessment Probes, Volumes 1-4, by Page Keely, Francis Eberly, and Lynn Farrin. Each volume contains ‘probes’ or questions/tasks for uncovering student understanding and thinking, along with teacher notes on the concept and the research on prevalent student misconceptions. The book also contains teaching suggestions based on student results with each of the probes.
http://www.nsta.org/store/product_detail.aspx?id=10.2505/9780873552554
Benchmarks for Science Literacy, Chapter 15: Research Findings by Chapter and Section, American Association for the Advancement of Science. This chapter presents the research on conceptual development around each of the benchmark sections. It includes suggestions for introducing concepts and ideas. You can read the entire book online at 
http://www.project2061.org/publications/bsl/online/index.php?chapter=15.
Ready, Set, Science: Putting Research to Work in K-8 Science Classrooms, Chapter 3, by the National Research Council. Chapter 3 deals with foundational knowledge and conceptual change. The book includes a number of vignettes to illustrate how highly effective teachers orchestrate engaging and in-depth conversations and learning experiences. You can read the entire book online at http://www.nap.edu/openbook.php?record_id=11882&page=1.
MIT OpenCourseWare (OCW) is a Web-based publication of virtually all MIT course content. OCW is open and available to the world and is a permanent MIT activity. This provides everyone the opportunity to deepen and enhance their own understanding of a variety of content/topics.
http://ocw.mit.edu/OcwWeb/web/home/home/index.htm
NSTA Learning Center: Science Objects. Science Objects are free two hour online interactive inquiry-based content modules that help teachers better understand the science content they teach.
http://learningcenter.nsta.org/products/science_objects.aspx
Children’s Misconceptions about Science -Operation Physics.

http://www.eskimo.com/~billb/miscon/opphys.html
Children’s Ideas in Science – links to a variety of sources dealing with student misconceptions across all domains of science.

http://homepage.mac.com/vtalsma/syllabi/2943/handouts/misconcept.html
Supporting Students in Learning Rigorous Content

Not all students learn at the same rate, nor do they all respond equally to the same instructional strategies. To help all students master understanding of rigorous scientific concepts, differentiated instruction strategies need to be employed. Since every student’s “knowledge house” is at a different stage of construction, effective teachers assess where each student is in their conceptual development and design instructional tasks to take them from that point to eventual mastery of the concept. Each teacher needs a “toolbox” of different instructional strategies that can be used to create learning experiences to move students forward to mastery. Differentiation is the cure to the ills of the “one size fits all” approach to instruction.

Examples of Differentiation in Science

	Strategy 
	Example

	Tiered Assignments are designed to instruct students on essential skills that are provided at different levels of complexity, abstractness and open-endedness. The curricular content and objective(s) are the same, but the process and/or product are varied according to the student’s level of readiness.
	Some students are provided with direct instruction on the characteristics of living vs. non-living things and are given guidance in identifying members of both groups. Other students work in teams to identify members of both groups and come up with original examples.

	Compacting is the process of adjusting instruction to account for prior student mastery of learning objectives. It involves a three-step process: 
(1) assess the student to determine his/her level of knowledge on the material to be studied and determine what he/she still needs to master
(2) create plans for what the student needs to know, and excuse the student from studying what he/she already knows
(3) create plans for freed-up time to be spent in enriched or accelerated study
	In a science class, students who already know the process of photosynthesis are given a lab assignment in which they must develop and test hypotheses related to the topic, while other students are given more direct instruction on the concept.

	Interest centers (usually used with younger students) and interest groups (usually used with older students) are set up so that learning experiences are directed toward a specific learner interest. Allowing students to choose a topic can be motivating to them.
	Interest Centers - Centers can focus on specific topics in Earth Science, such as classifying rocks or carbon dating.

Interest Groups - Students can work in small groups to prepare and debate issues surrounding the origin of the universe.

	Flexible grouping has students working as part of many different groups depending on the task and/or content. Sometimes students are placed in groups based on readiness, other times they are placed based on interest and/or learning profile. Groups can either be assigned by the teacher or chosen by the students. Students can be assigned purposefully to a group or assigned randomly. This strategy allows students to work with a wide variety of peers and keeps them from being labeled as advanced or struggling. 
	The teacher may assign groups based on student characteristics for a lab in which each group member must take on a specific role. For example, a student who is a strong writer might take notes for the group, while a student who enjoys public speaking might present the group’s findings. Students may choose their own groups for another lab in which they will explore the properties of an inanimate object. 



	Anchoring activities may be a list of activities that students can do to at any time when they have completed present assignments, or they can be assigned for a short period at the beginning of each class as students organize themselves and prepare for work. These activities may relate to specific needs or enrichment opportunities, including problems to solve or journals to write. They could also be part of a long-term project that a student is working on. These activities may give the teacher time to provide specific help and small-group instruction to students requiring additional help to get started. Students can work at different paces, but always have productive work they can do. Some time ago these activities may have been called seat-work, and they should not be confused with busy-work. These activities must be worthy of a student’s time and appropriate to their learning needs.
	 Examples for students:

- Come up with a list of new "essential questions" you'd like to have answered 

about our unit of study or future units.

 - Write an experiment you could conduct to teach others about a science concept you've learned in class.

- Create a mind map/web using Inspiration on the computer to illustrate a science concept to share with others.

- Go to the library and find a non-fiction book about something scientific that interests you. Become the "resident expert" for our class and share your findings during class meeting.



	Learning contracts begin with an agreement between the teacher and the student. The teacher specifies the necessary skills expected to be learned by the student and the required components of the assignment, while the student identifies methods for completing the tasks. This strategy allows students to work at an appropriate pace; can target learning styles; and helps students work independently, learn planning skills and eliminate unnecessary skill practice.
	With the teacher’s guidance, the student develops a plan for researching family traits and for learning about genetics. The student decides to make a poster of his or her family tree (with graphics representing genetic traits) to present to the class.

	Choice boards are organizers that contain a variety of activities. Students can choose one or several activities to complete as they learn a skill or develop a product. Choice boards can be organized so that students are required to choose options that focus on several different skills.
	Students are given a choice board that contains a list of possible activities they can complete to learn about density. The activities include using a water table to explore properties of various objects, reading about density in the textbook and watching a video with demonstrations centered around density. The activities are based on the following learning styles: visual, auditory, kinesthetic and tactile. Students must complete two activities from the board and must choose these activities from two different learning styles. 


Students Sharing Their Science Understandings

Having multiple options for students to learn concepts is best supported by having multiple options for them to also demonstrate their understanding of those concepts. As in designing differentiated learning experiences, teachers need a strong grasp of the content being taught in order to build better-quality experiences for their students. In the following examples, you can see how a strong knowledge of content helped the teacher customize the assignments/assessments so they are congruent to the content, yet still engaging for the learner while allowing demonstration of knowledge beyond the recall level.

RAFT writing is a form of differentiated instruction in which students write to an audience other than the teacher and from a perspective other than their own as students. RAFT is an acronym for ROLE, AUDIENCE, FORMAT and TOPIC, each of which is specified for the purpose of defining the task, although students can be given flexibility if the topic permits. 

It requires students to respond at a cognitively complex level and not simply at a recall or knowledge level. In most cases, students are given the flexibility to choose the RAFT that best suits their knowledge and interest levels. Creating a matrix of high-quality RAFT prompts requires the teacher be well-versed in the topic in order to choose parameters that students can tackle successfully. For example, see the sample RAFT prompts from chemistry below.
	Role
	Audience
	Format
	Topic

	
	
	
	

	Catalyst
	Reagents
	Advertisement
	Why you should hire me to help your reaction happen faster

	Solvent
	Solute
	Application letter
	Why I’m the best choice to dissolve you

	Electron
	Positive ion
	Dear John letter
	Why I’m leaving you



	Oil
	Water
	Termination letter
	Why we don’t really get along in the same container

	Low electronegativity element
	Consumer Protection Agency
	Complaint letter
	Fluorine is engaging in unfair competitive practices

	P electron shell
	S shell electrons
	Recruitment letter
	Why you should consider moving to my neighborhood


Another strategy for differentiated assignments/assessments that benefits from a surplus of content knowledge is CAP (or triarchic) differentiation. CAP (an acronym for Creative, Analytical and Practical) is a strategy in which teachers design three different learning experiences that appeal to three different learning styles, or intelligences. Underlying this strategy is an assumption that most learners can be separated into three different “styles” of thinking and that learning experiences can be tailored to appeal to each of these distinct styles. Students are free to choose the task that most appeals to their learning styles, since implicit in this strategy is the understanding that each of these experiences are centered around the same learning goal. 

C A P Differentiation

Creative intelligence


“Creative smarts” – these students are asked to discover, invent, imagine, suppose, illustrate.
Analytical intelligence


“Schoolhouse smarts” – these students prefer to judge, compare, contrast or evaluate.
Practical intelligence


“Street smarts” – these students do tasks that ask them to implement, apply, use, put into practice.
Science examples:

Learning goal: The student will understand that a variety of environmental factors can affect the population of an ecosystem.

	Creative 
	Analytical 
	Practical

	Using the information provided, create an informational/educational poster to inform park users of the environmental factors affecting the fish population in Lake Shelby.
	Using the information provided, predict the fish population of Lake Shelby in 2014, assuming current trends continue. List possible causes and how they might influence this trend.
	Write an letter to BassMasters magazine explaining to fisherman all the reasons the fish population in Lake Shelby can vary.


Learning goal: The student can list the important parts of a cell and describe how they function as part of a system.

	Creative
	Analytical
	Practical

	Use unlikely stuff to depict the structure and function of the cell, emphasizing the interrelationships among each of the parts.
	Create a cause/effect chain to show how each part of a cell affects other parts, as well as the cell as a whole.
	Look outside the topic of biology to find a system that could serve as an analog for the cell. Devise a way to explain the working of a cell using that analogy.


Imagine how difficult it would be to create three such parallel assignments focused on the same learning goal without a strong understand of the content being taught. Maintaining a focus on the same learning goal demands content knowledge, as this bad example (which differentiates by multiple intelligences rather than CAP) demonstrates:

Poor differentiation

Choose a planet and…

	Verbal/linguistic
	Logical/mathematical
	Musical/rhythmic
	Bodily/kinsethetic

	Write a story about your planet
	Make a chart that compares your planet to Earth
	Make up a song about your planet
	Make up or adapt a game about your planet (Saturn ring toss, for example)


This is an example of poor differentiation because the choices are somewhat correlated to the same topic, but they do not address the same learning target. A student choosing any one task could learn (or not learn) something entirely different than someone in the same class who completed a different one. In fact, it would be entirely possible to create more than one of these and yet learn nothing new about any planet at all!

For more information and other ideas on students demonstrating content knowledge in science, view the embedded Power Point below.

[image: image2.emf]Communicating  Science Understanding.ppt


Additional Resources:
Kentucky’s Characteristics of High-Quality Teaching and Learning in Science

http://www.education.ky.gov/KDE/Instructional+Resources/High+Quality+Teaching+and+Learning/Characteristics+of+High+Quality+Science+Teaching+and+Learning.htm
Please direct questions, comments or suggestions on this newsletter to:

Elementary: karen.kidwell@education.ky.gov
Middle School: sean.elkins@education.ky.gov
High School: suzann.shaver@education.ky.gov
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Science Fairs 

and Science Shares

Providing a Range of Options for Students to Communicate  Science Understanding

Adapted from a presentation at

Kentucky Science Teachers Association Fall Conference, 2003

By Jennifer Francis 

and Karen Kidwell
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Publishing/Communicating Science Understanding

		Board Display

		Report      



    (What I Did/What I Found Out)

		Demonstration

		Feature Article

		Journal



		Field Guide

		Photo Essay

		Powerpoint  Presentation

		Collection

		Model

		Life History

		Artistic Rendering

		Audio/Video Recording





….and more!
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Board Display

		To Convey Main Idea, Findings, Conclusions

		Criteria may include:

		Title

		Question

		Research Method

		Data

		Results

		Conclusion

		Supporting Visual Aids (photos, drawings, graphs, charts, etc.)

		References/Resources cited
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“Nonexperimental science fair projects offer children an opportunity to get involved with topics that sincerely interest them, even if those topics have already received a great deal of sophisticated exploration.  Free from the necessity of  limiting their investigation to a single aspect that can be tested experimentally, children can explore broadly and deeply, to the satisfaction of their own curiosity.”



Margaret McNay, The Need to Explore: Non-Experimental 

Science Fair Projects
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From KY SEF 2003
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A Cautionary Note…

the “scientific method” describes the way experiments are reported, 

   NOT  how they are generated. 
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Written or Oral Report 

in 2 ‘sections’—What I did/What I found out

Criteria for  “What I Did” may include:		 

   	Who did I work with?

	What materials did I use?  Did I cite all references/resources?

	What skills (measuring, predicting, hypothesizing, etc.) did I use?

	What did I do (charts, graphs, tables, report, etc.)  to show my data?

Criteria for “What I Found Out” may include:

	Did I find an answer to my question?

	Did I think or discover new ideas or questions to further study?

	Did I find any patterns or trends in my data or research?

	Did I draw conclusions based on my data or research?
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Demonstration

		Use of materials to illustrate a scientific concept or principle

		Criteria may include:

		Safe procedures utilized intentionally

		Clear understanding of the concept or principle

		Relates concept or principle to practical/real-life application
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Excite, engage, and Teach!
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Feature Article

		“Popular” writing to convey an interesting scientific finding or understanding

		Criteria may include:

		Utilize a “real world” form

		Have a focused purpose/engaging title

		Target a readership

		Engage the reader

		Develop ideas, leaving few unanswered questions

		Move the reader through the piece

		Leave the reader with something to think about

		Cite all references
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Real World ‘Model’ for Feature Articles--

The Why Files: The Science Behind the News

http://whyfiles.org/

Sun on fire

Posted 27 July 2000 Confess. You take it for granted, don't you? The sun, we mean. It rises in the east and sets in the west. Sure, you may slather yourself with sunblock on a hot day, but otherwise, you figure ol' Sol's gonna be same-ol', same-ol', right? 

Not. It's a mistake to take the sun for granted and assume it will quietly warm our world with nary a hiccup. Fact is, the sun is about as stable as, well, a stable of nervous thoroughbreds. This star loves to horse around, now bucking like a bronco, then plodding like a lame dray horse. When the sun is active, it sends enormous storms of hot, electrically charged particles into space, ready to fire up the Northern lights -- or burn out communications satellites and fry electric power grids.
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Journal

		A record of problems that students are trying to solve, procedures they use, observations they make, conclusions they arrive at, and personal reflections of their learning

		Criteria may include:

		Description of problem/unit

		Description of procedures/observations

		Conclusions based on findings/evidence presented

		Formative and Summative Reflections





*











Analyzing Students’ Science Journals

Science and Children, Nov/Dec 2000
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Field Guide

		A guide to provide readers information and criteria for identification of related organisms 

		Criteria may include:

		Description of organism (size, color, other distinguishing features)

		Picture or photograph of organism

		Habitat

		Predator/Prey relationships

		Interesting fact(s)
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Student Created Field Guide Entry
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Audio/Video Recording

		Designed to provide specific information related to a studied scientific phenomenon

		Criteria may include:

		Clear, concise, and accurate narration

		Original ‘script’

		Identified and specific focus for the audience

		Resources/references cited
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Photo Essay

		A study portrayed through a series of photographs

		Criteria may include:

		Title

		Original Photographs

		Original captions

		Written summary or abstract of the project
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The Cape of Good Hope is home to a unqiue eco-system. These mountains and valleys are lush and green, but the beauty masks a problem for humans and their environment. There are invaders here and they are plants. The way to protect water supplies is by getting rid of some of them. 
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Powerpoint Presentation

		Technologically produced ‘report’ of a scientific question, which may support investigative or noninvestigative research

		Criteria may include:

		Title

		Question

		Logical Sequence

		Graphics included

		References cited (at least 3 utilized)
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Collection

		A set of related objects organized and displayed

		Criteria may include:

		Title

		Abstract or summary of the origin and purpose of the collection

		Appropriate/Safe display procedures

		Labels

		References cited
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Butterfly Collection
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Model

		Models help us understand how things look, 

work, or are related. Because the magnitudes of objects vary so greatly, the use of different scales helps us construct representations that facilitate communication and understanding.

		Criteria may include:

		Title and description of model

		Benefits and Limitations of the model 

		Description/discussion of the use of scale in the model

		References/resources cited
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Yes, Even the “Volcano” can have its place!
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Life History

		An observational account of an organism throughout its life; usually in narrative form

		Criteria may include:

		Identification of organism

		Dates of observations

		Organizing Question (purpose of observations/motivation for study)

		Narrative description of habits (eating, sleeping, interactions with other organisms, etc.)

		Illustrations or photographs





*











Artistic Rendering

		A painting, drawing, sketch, collage, sculpture, etc., with a subject that is connected with an important scientific principle/idea

		Criteria may include:

		Title

		Size or medium (2-dimensional/3-dimensional; clay, crayons, paper mache, etc.) parameters

		Scientifically accurate representation with respect to size and/or scale

		Artistic narrative regarding the piece
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John James Audobon
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Host a School or District-wide “Science Share!”

		Great school/community PR

		Provides an authentic venue for students to communicate scientifically

		Provides a venue for all the “I wonder” questions that you can’t address in the classroom

		Encourages creativity and interest in science as a real life pursuit

		Values individual learning styles

		Provides an opportunity for authentic assessment
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References

		Science Fairs Plus:  Reinventing an Old Favorite, K-8,  NSTA Press  www.nsta.org

		Kentucky Elementary Learning Descriptions (KELP) http://www.kde.state.ky.us/KDE/Instructional+Resources/Elementary+School/Intermediate/Science/Core+Content+for+Assessment+-+Science.htm
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FIGURE 2. This student labeled the
object simply in his journal.





Cardinal
We have very few . birds- and the
Cardinal is the onlyone with a Crest.
No other \4 re- sembles it. Its heavy .
bill, with .uround the baseis a good
field mark. The m . female cardinal has

the crest and red bill of the male, but very
little of its color. In recent years it has
gradually ranged north-ward. Length: 71/2
=Ql/2in.

By Brandon Buckner
















American Flamingo







