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Motivation for this Paper

Bob and Barbara wrote a paper dated April 2005 with recommendations for UDL based on cognitive research.  The paper was written before NSF made the award for CC’s UDL project and before decisions had been made to integrate the UDL science units with language arts and mathematics activities.  As it happens, there is a useful research literature about integrating science instruction with language arts.  The purpose of this paper is to identify some of the findings of that body of research that may be useful in the UDL project.

To recap, Bob and Barbara’s earlier paper included dozens of recommendation for creating instructional materials that are accessible to a wide range of students.  The recommendations in their paper were provided under five major headings, as follows:

1.
Use both audio and visual channels

2.
Reduce unnecessary processing

3.
Allow the learner to anticipate inputs

4.
Increase the rate of feedback

5.
Personalize the interactions.

The research about integrating science and language arts includes other guidelines, as well.

Selected Research-based Projects to Integrate Science and Language Arts

There have been a number of successful projects designed to integrate science teaching with language arts.  NSF and/or the Interagency Education Research Initiative (IERI) have funded research about several of them.  

1.
Seeds of Science / Roots of Reading is a collaboration of the Lawrence Hall of Science and the Berkeley Graduate School of Education.  The program includes a collection of integrated science and literacy units as well as a literacy series called Reading About Science.  Delta Education distributes the materials.  Evaluators at the Lawrence Hall of Science conducted research on two of the units (Wang & Herman, 2005), concluding:

“Teachers were highly motivated to use the materials, and Shoreline Science and Terrarium Investigations students learned significantly more than the control group students in all science and literacy measures on which the differences were expected.”

2.
The Science IDEAS project [In-Depth Expanded Applications of Science] to integrate science, reading, and language arts has been implemented for more than a decade.  A variety of studies about it have been published, including a 2001 article in the International Journal of Science Education (Romance & Vitale, 2001).  They concluded:

“The multi-year results revealed a consistent pattern of the model’s effectiveness in improving both the science understanding (effects on the Metropolitan Achievement Test-Science ranged from 0.93 to 1.6 grade equivalents) and reading achievement (effects on the Iowa Test of Basic Skills-Reading and the Stanford Achievement Tests-Reading ranged from 0.3 to 0.5 grade equivalents). Participating students also consistently displayed significantly more positive attitudes and self-confidence toward both science and reading.”

3.
Seattle’s Science Notebooks Program is the subject of Writing in Science: How to Scaffold Instruction to Support Learning, written by a practitioner (Fulwiler, 2007).  NSF and the Stuart Foundation supported the work reported in this book, including funding several external project evaluations of, one of which reported:

“Teachers believe strongly that the program’s approach to writing in science notebooks helps their students learn both concepts and skills in science, and learn to write in ways that deeply engage students and that also reflect the rigor of science as a discipline. Teachers believe the approach is especially powerful for English Language Learners and others for whom writing is a struggle. Teachers also believe that the skills build cumulatively, are lasting, and support students’ learning across the curriculum” (Stokes, St. John, & Fyfe, 2002).  

Two other examples of books on integrating science and language arts, both available from NSTA, include Content-area Writing Strategies: Science and Art of Science Writing.

Recommendation and Guidelines

From Writing in Science: How to Scaffold Instruction to Support Learning 

· Teach science and writing in separate sessions (and focus on inquiry-based science separately from expository writing instruction)

· Science learning has four components:  content, scientific thinking, scientific skills, and expository writing

· Use an investigative question to frame the lesson

· Teach science and science writing for a minimum of 3 hours a week

· Use a science word bank and graphic organizers.  Also use writing frames (e.g., “I think [general answer to the question].  I have observed [qualitative (general or comparative) data].  My data provide evidence [quantitative (measured) data].  Therefore, [concluding statements].”  And younger students would use a simpler frame, such as “I think [simple answer].  The evidence is [quantitative or qualitative data].”)

· Do not use a “learning log” approach.  Instead, focus on observations, data analysis, scientific reasoning, and conclusions.  Quite specific expository text, not about materials and procedures, for example.

· Teaching-Learning Sequence:  Engagement, Active Investigation, Shared Reflection, Application, Science-writing session [shared review, shared writing, scaffolding, independent writing]

· Establish that “other scientists” are the audience.  Help students recognize what an audience of adult scientists would expect and need to see in science notebook entries.

· Use notebooks for formative, not summative, assessment.  Science notebooks are intended to be rough drafts.

From Seeds of Science / Roots of Reading
The program is creating 12 units for grades 2-3, 3-4, and 4-5.  For the latter two pairs of grades, the units are as follows:

	Grades 3-4
	Light Energy
(Physical Science)
	Weather and Water 
(Earth Science)
	Digestion and Body Systems 
(Life Science)
	Variation and Adaptation (Life Science)

	Grades 4-5
	Aquatic Ecosystems
(Life Science)
	Planets and Moons 
(Earth Science)
	Chemical Changes 
(Physical Science)
	Models of Matter
(Physical Science)


· Heavily use the 1,000 most-frequent words and aim for 97% (or more) of the vocabulary words to be within the curriculum.  “The 3 out of every 100 running words that are outside the curriculum are viewed to be potentially hard words for developing readers.  In a content area such as science, the hard words often represent the unknown concepts rather than being synonyms for known concepts (as is often the case in literature).”  

· Hard words should be repeated across text; rarely (about 1%) should they be singletons.

· Text should play multiple roles in teaching science, including: providing context, delivering content, modeling, supporting second-hand inquiry, and supporting first-hand inquiry.

· The series emphasizes 50 important science process words that students need to learn.  (See appendix to this paper for a list of the words.)

· Use science words that have the same root in both Spanish and English, making words in the program more accessible for English language learners.  (The program lists such words at http://seedsofscience.org/PDFs/Cogn_LoFreqEng_HiFreqS.pdf and a paper provides further information [http://seedsofscience.org/PDFs/Cognates.pdf  ].) 

· Provide teachers with lists of (a) unit-specific vocabulary, (b) science inquiry vocabulary, and (c) language of argumentation (e.g., “I think this because…”).

Appendix:
50 Words For Communicating Science Ideas
http://seedsofscience.org/curriculum/sciwords.htm 

The list below includes 50 words–-not specific to any scientific discipline–-that students are likely to encounter often as they read about, discuss, and participate in science inside school and out of school. These powerful words, which appear frequently in elementary science textbooks and tests, are among the 2500 most critical word families in written English. Seeds of Science/Roots of Reading™ has made it a programmatic goal to teach these words and use them often as students engage in scientific inquiry.

	 
	adaptation
	adapted 

	 
	analyze
	analysis 

	 
	apply
	application 

	 
	attributes
	 

	 
	categorize
	categories 

	 
	characteristics 
	 

	 
	classify
	classification 

	 
	collect
	 

	 
	communicate 
	 

	 
	compare
	 

	 
	concept
	 

	 
	conclude
	conclusion 

	 
	connect
	connection 

	 
	demonstrate 
	demonstration

	 
	device
	 

	 
	diagram
	 

	 
	discover
	discovery 

	 
	discuss
	discussion 

	 
	evidence
	 

	 
	experiment
	 

	 
	explain
	explanation 

	 
	explore
	exploration 

	 
	feature
	 

	 
	hypothesis
	 

	 
	identify
	identification 

	 
	infer
	inference 

	 
	investigate
	investigation 

	 
	label
	 

	 
	laboratory
	 

	 
	materials
	 

	 
	measure
	 

	 
	mixture
	 

	 
	model
	 

	 
	observe
	observations 

	 
	order
	 

	 
	organisms
	 

	 
	organize
	 

	 
	predict
	prediction 

	 
	procedure
	 

	 
	process
	 

	 
	proof
	prove 

	 
	record
	 

	 
	relative (size) 
	 

	 
	report
	reporting 

	 
	research
	 

	 
	resources
	 

	 
	results
	 

	 
	sample
	 

	 
	substance
	 

	 
	summarize
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