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“BRAIN-BASED” LEARNING
Models of the brain:

Increasingly, we are becoming aware of the need to incorporate brain-based research into our models of learning and teaching. Various models of our brain's architecture have been proposed over the years:

The Holistic Brain: The brain is a pattern-seeking, holographic organ.

Two Cerebral Hemispheres: The left hemisphere is responsible for linear thought/language; the right is responsible for creativity, holistic thinking, and intuition.

Paul MacLean's (1978) model suggests that the brain is a triune organ that evolved to process survival, emotional, and rational functions.

Howard Gardner (1983) suggests that our conscious brain functions through multiple forms of intelligence processed in different brain areas (e.g., linguistic, spatial, logical-mathematical, etc.).

Gazzaniga (1985) conceives of the brain as a vast number of interconnected, semi-autonomous networks of neurons called modules, each specializing in a limited cognitive function. Neural modules are formed to consolidate activities in order to process complex cognitive functions.

http://www.pgcps.org/~elc/brain2.html
What Does Brain Research Tell Us About Learning?

Caine and Caine (1991) present the following conclusions about learning and the brain:
1.
Every brain is a uniquely-organized system.

2.
The brain is a social organ.

3.
The search for meaning is innate.

4.
The search for meaning occurs through “patterning.”

5.
Emotions are critical to patterning.

6.
Every brain simultaneously perceives and creates parts and wholes.

7.
Learning involves focused and peripheral perception.

8.
Learning always involves conscious and unconscious processes.

9.
We have at least two ways of organizing memory.

10.
Learning is developmental.

11.
Complex learning is enhanced by challenge and inhibited by threat.

http://www.pgcps.org/~elc/brain3.html
How Does the Brain Construct Meaning?

The search for meaning is innate. All learners are trying to make sense out of what is happening at all times. According to Jensen (1996), three factors are critical to learner-created meaning:

1.Relevance. On a cellular level, it's the activation of existing connections in neural networks. It relates to something the learner already knows some information about. The more relevance this has to the learner, the greater the meaning.

2.Emotion. When the learner's emotions are engaged, the brain "codes" the content by triggering the release of chemicals that single out and "mark" the experience as important and meaningful. Emotions activate many areas in the body and the brain, including the prefrontal cortices, amygdala, hippocampus and often the stomach. This may give meaning to something without your having any understanding of it.

3.Pattern. Isolated information has little meaning. The brain builds larger patterns to help form genuine structures of meaning. The context helps make it part of an overall pattern. Context can be social, intellectual, physical, economic, geographic, political, or any other pattern which makes meaning.

http://www.pgcps.org/~elc/brain5.html
Neurons and Learning 

Neurons are nerve cells. Thirty thousand of them can fit into a space the size of a pinhead. A typical neuron is composed of a main cell body with nucleus and two branches; the outgoing is called the “axon” while the incoming branch is called the “dendrite.” The connecting point for the two is called the “synapse.”

According to Pat Wolfe, all information processing in the brain consists of neurons “talking” to one another. Learning is defined as “the establishment of new synapses” and the “modification of connectivity among neurons.”

Seven strategies can help to enrich students' environment to help them make new connections or “neural branching”: 

(1) hypothetical thinking

(2) reversal (what happens if we reversed...?)

(3) application of different symbol systems (e.g., explaining the Pythagorean Theorem in words and pictures)

(4) analogies (looking for correspondences)

(5) analysis of point of view

(6) completion (filling in incomplete elements)
(7) web analysis (uncovering the complex multiple effects extending from a single source).

(Cardellichio and Field (Educational Leadership, March 1997))

http://www.pgcps.org/~elc/brain7.html
What Are the Different Memory Systems?

Semantic/Declarative: linguistic memory activated by associations, similarities, and differences; it is the short-term or working memory, good for less than 15 seconds unless rehearsed, reviewed, or relearned. It can only hold discrete, finite information, called “chunks.” It is located in the cerebral cortex. It requires practice and rehearsal to keep fresh.

Procedural: also known as body-kinesthetic or motor memory, it is activated by association with physical movement, places, events, feelings, and sensory experiences. It lasts for years and has an unlimited storage capacity. It requires minimal intrinsic motivation. It is based upon physiological states and very natural for the brain to use.

Contextual/Episodic: also known as spatial memory, it is activated by direct association with events, circumstances, or location. It can last for years with moderate review and has unlimited storage capacity. Our brain sorts and stores information based upon whether it is heavily embedded in context or in content. It is effortless and used heavily by everyone. (E. Jensen. (1996). Completing the Puzzle.)

http://www.pgcps.org/~elc/brain8.html
How Can We Use Knowledge of the Brain to Promote Attention and Retention?

· Teachers can manage discipline through changes of activity, emotional arousal, or curiosity in order to help students control their reactive brain stems.

· Our neo-cortex is a pattern-seeking, pattern-making organ. Something goes from information to meaning by organizing data into patterns.

· Feedback, immediate and dramatic, is the all-time best way to foster intelligence.

· Learners are constantly switching from internal to external, focused to diffused learning. It is natural that students will move in and out of phase during the learning process.

· “Enriched” environments mean more active involvement in challenge and novelty, helping neural branching to occur with appropriate stimulation.

· The brain is not designed to take on big ideas easily. It has to chunk them in pieces or build up its own mental models over time. Graphic and other advanced organizers are helpful.

· Experience-based learning reinforces context-based learning, the form of learning proven best in promoting long-term retention.

· Much of the most powerful learning may not show up for months or years. Teaching and testing in traditional modes may not capture the true extent of student learning.

· “Our brain is a box packed with emotions.” One of the major roles of the mid-brain is to tell us if something is meaningful. Students must receive support to feel that something is true and has personal relevance to them if they are to retain it.

http://www.pgcps.org/~elc/brain9.html
Overview: How Can Teachers Address the Implications of Brain Research?

· Good teaching orchestrates the learner's experience so that all aspects of brain operation are addressed (i.e., emotions, imagination, analytical thinking, etc.).

· Everything that affects our physiological functioning affects our capacity to learn. We need to be sensitive to physical needs and the maturation continuum.

· The learning environment needs to provide stability and familiarity; at the same time, provision must be made to satisfy students' curiosity and hunger for novelty, discovery, and challenge.

· Learners are patterning, or perceiving and creating meanings, all the time in one way or another. Ideally, teaching should present information in a way that allows brains to extract patterns, rather than attempt to impose them.

· Because it is impossible to isolate the cognitive from the affective domain, the emotional climate in the school and classroom must be monitored on a consistent basis, using effective communication strategies and allowing for student and teacher reflection and metacognitive processing.

· Good teaching builds understanding and skills over time because learning is cumulative and developmental. Learning occurs best in authentic, meaningful contexts that allow the student to relate new information to previous learning and experiences.

· Peripheral information can be purposely organized to facilitate learning. Teachers need to engage the interests and enthusiasm of students through their own enthusiasm, coaching, and modeling, so that the unconscious signals appropriately to the importance and value of what is being learned.

· “Active processing” allows students to review how and what they learned so that they begin to take charge of learning and the development of personal meanings. Active processing refers to reflection and metacognitive activities.

· We understand and remember best when facts and skills are embedded in natural, spatial memory. Teachers should also reduce the amount of times learners have to learn material by rote, or they should embed this material in conceptual/thematic contexts to reinforce its meaning and relevance.

· The brain downshifts under perceived threats, and learns optimally when appropriately challenged. Teachers and administrators need to create a state of relaxed alertness in students. This combines general relaxation with an atmosphere that is low in threat and high in challenge.

· Since each brain is unique, teaching should be multifaceted to allow all students to express visual, tactile, emotional, and auditory preferences.

http://www.pgcps.org/~elc/brain10.html
SLEEP
An extensive curriculum on sleep for children, teenagers, and college-age students.  All materials ready-to-use.  Excellent source of information.  

http://science.education.nih.gov/supplements/nih3/sleep/default.htm
Lesson on sleep and teenagers.  Addresses the specific topic of later start times.

http://www.sciencenetlinks.com/lessons.cfm?DocID=34
School start time study.  This is the definitive study done at Edina School District showing the cognitive gains made by students with a delayed start time.
http://education.umn.edu/CAREI/Reports/docs/SST-1998ES.pdf
THEORIES OF LEARNING

A BRIEF DISCUSSION OF 12 THEORIES OF HOW PEOPLE LEARN
A very good overview of the topic.  Each one has its strengths.  Constructivism is the prevailing current view, but “constructivism” is also a general term that encompasses a few other theories (see below.)  More information about some of these learning styles can be found in the links that follow this section.

* Constructivism http://www.funderstanding.com/constructivism.cfm
* Behaviorism http://www.funderstanding.com/behaviorism.cfm
* Piaget's Developmental Theory http://www.funderstanding.com/piaget.cfm
* Neuroscience http://www.funderstanding.com/neuroscience.cfm
* Brain-Based Learning http://www.funderstanding.com/brain_based_learning.cfm
* Learning Styles http://www.funderstanding.com/learning_styles.cfm
* Multiple Intelligences http://www.funderstanding.com/multiple_intelligence.cfm
* Right Brain/Left Brain Thinking http://www.funderstanding.com/right_left_brain.cfm
* Communities of Practice http://www.funderstanding.com/communities_of_practice.cfm
* Control Theory http://www.funderstanding.com/control_theory.cfm
* Observational Learning http://www.funderstanding.com/observational_learning.cfm
* Vygotsky and Social Cognition http://www.funderstanding.com/about_learning.cfm
GARDNER’S THEORY OF MULTIPLE INTELLIGENCES
“It is of the utmost importance that we recognize and nurture all of the varied human intelligences, and all of the combinations of intelligences. We are all so different largely because we all have different combinations of intelligences.” Howard Gardner (1987)

Gardner suggests that students may demonstrate particular aptitude in one or more of the following domains:

1. Linguistic - reading, writing, speaking, listening

2. Logical/Mathematical - working with numbers and abstract patterns

3. Visual/Spatial - working with images, mind mapping, visualizing, drawing

4. Musical - rhythm, melody, patterned sound, song, rap, dance

5. Bodily/Kinesthetic - processing information through touch, movement, dramatics

6. Interpersonal - sharing, cooperating, interviewing, relating

7. Intrapersonal - working alone, self-paced instruction, individualized projects

8. Naturalist/Ecological - awareness of the natural world and our relationship to it

http://www.pgcps.org/~elc/theory5.html
DIMENSIONS OF LEARNING (“DOL”)

Information about the “Dimensions of Learning” model.  This model says that there are five interrelated aspects of learning that exist in every learning situation, and that they have to be taken into account in our teaching.  They are all based on studies of cognition and how we learn.

(Developing Positive Attitudes and Perceptions About Learning)

reinforces the need to foster relaxed alertness in students by creating a classroom that is low in threat and high in challenge.

(Acquiring and Integrating Knowledge) 

emphasizes instructional activities to ensure that students retain essential declarative and procedural knowledge in semantic, procedural, and episodic/spatial memory.

(Extending and Refining Knowledge) 

reinforces neural branching (i.e., extending neural networks) by emphasizing multiple forms of higher-level questioning and students' hands-on inquiry.

(Meaningful-Use Tasks) 

reinforces the value of providing students opportunities to apply what they have learned in real-world settings and contexts, using their stored knowledge in authentic ways.

(Productive Habits of Mind) 

emphasizes the powerful value of intellectual dispositions (i.e., life-long habits of mind) that are extensions of students' creation of meaning in response to purposeful learning experiences.

http://www.pgcps.org/~elc/brain4.html
This is an online book with much more information on “Dimensions of Learning” theory, by the man who developed the theory.  This particular section deals with how to apply the theory to assessment. 

http://www.ascd.org/portal/site/ascd/template.chapter/menuitem.b71d101a2f7c208cdeb3ffdb62108a0c/?chapterMgmtId=a740a2948ecaff00VgnVCM1000003d01a8c0RCRD
An overview of Cognitive Learning Theory, and why it matters.  The essential elements:
· Knowledge is constructed. Learning is a process of creating personal meaning from new information by tying it to prior knowledge and experience.

· Learning isn't necessarily a linear progression of discrete skills. It is elliptical, recursive, and closely tied to particular situations. Transfer of learning only occurs if students receive support through scaffolding and bridging.

· People perform better when they know the goal, see models, and know how their performance compares to a standard.

· There is great variety in learning styles, attention spans, memory, developmental paces, and intelligences.

· Successful learning involves the use of numerous strategies. Students need to know when to use knowledge, how to adapt it, and how to manage one's own learning.

· Motivation, effort, and self-esteem affect learning and performance.

· Learning frequently occurs as a result of social interaction. Group work and cooperative learning are highly valuable.

http://www.pgcps.org/~elc/theory4.html
HOW PEOPLE LEARN

Essential elements that motivate people (especially adult learners) to learn, with tips on classroom practices and curricular design.

http://honolulu.hawaii.edu/intranet/committees/FacDevCom/guidebk/teachtip/adults-3.htm
Key differences between child and adult learning (college-age students as adult learners in this situation.)

http://www.ojp.usdoj.gov/ovc/assist/instructor/section2.html
LEARNING THEORIES

This website gives an overview of many different learning theories, grouped according to their particular view or context.  Specific, relevant theories are discussed in the references below.

http://www.learning-theories.com/
THEORIES ALL UNDER THE GENERAL HEADING OF CONSTRUCTIVISM

“A common misunderstanding regarding constructivism is that instructors should never tell students anything directly but, instead, should always allow them to construct knowledge for themselves. This is actually confusing a theory of pedagogy (teaching) with a theory of knowing. Constructivism assumes that all knowledge is constructed from the learner’s previous knowledge, regardless of how one is taught. Thus, even listening to a lecture involves active attempts to construct new knowledge.”

http://www.learning-theories.com/constructivism.html
There are several learning theories that can be grouped under the general heading “Constructivism”.  All share the belief that people construct knowledge based on the information, beliefs, and skills they bring to the learning process.

Social Development Theory (Vygotsky) All learning occurs because the learner wants to be part of the group.  Also idea of ZPD (Zone of Proximal Development)  -- time when the learner is ready to learn more because of what he already knows. http://www.learning-theories.com/vygotskys-social-learning-theory.html#more-4
Communities of Practice (Lave and Wenger) Information resides in the community, not solely in the individual.  Boeing can build planes, but no single individual can.

 http://www.learning-theories.com/communities-of-practice-lave-and-wenger.html
Constructivism http://www.learning-theories.com/constructivism.html
Discovery Learning (Bruner) http://www.learning-theories.com/discovery-learning-bruner.html
Stage Theory of Cognitive Development (Piaget) http://www.learning-theories.com/piagets-stage-theory-of-cognitive-development.html
TEXTBOOK ON TEACHING SCIENCE

Chapter 3: Linking Teaching with Learning http://www.nap.edu/readingroom/books/str/3.html
    A FRAMEWORK FOR LEARNING

    APPROACHES TO LEARNING

    SCIENTIFIC RESEARCH AS A TEACHING AND LEARNING MODEL

          Engaging Students

          Establishing a Context for Exploration

          Proposing Explanations

          Reading and Writing for Understanding

LEARNING STYLES and TEACHING STYLES

TEXTBOOK ON TEACHING SCIENCE
Chapter 1: How Teachers Teach: General Principles http://www.nap.edu/readingroom/books/str/1.html
TEACHING AND LEARNING

Teaching Styles

          Developing a Teaching Style 

LEARNING STYLES

Felder, Richard, "Reaching the Second Tier: Learning and Teaching Styles in College Science Education." J. College Science Teaching, 23(5), 286-290 (1993).

Quick interactive, online inventory to discover personal learning style preferences.

http://www.ldpride.net/learning_style.html
HOW PEOPLE LEARN

Essential elements that motivate people (especially adult learners) to learn, with tips on classroom practices and curricular design.

http://honolulu.hawaii.edu/intranet/committees/FacDevCom/guidebk/teachtip/adults-3.htm
Key differences between child and adult learning (college-age students as adult learners in this situation.)

http://www.ojp.usdoj.gov/ovc/assist/instructor/section2.html
GARDNER’S THEORY OF MULTIPLE INTELLIGENCES

“It is of the utmost importance that we recognize and nurture all of the varied human intelligences, and all of the combinations of intelligences. We are all so different largely because we all have different combinations of intelligences.” Howard Gardner (1987)

Gardner suggests that students may demonstrate particular aptitude in one or more of the following domains:

9. Linguistic - reading, writing, speaking, listening

10. Logical/Mathematical - working with numbers and abstract patterns

11. Visual/Spatial - working with images, mind mapping, visualizing, drawing

12. Musical - rhythm, melody, patterned sound, song, rap, dance

13. Bodily/Kinesthetic - processing information through touch, movement, dramatics

14. Interpersonal - sharing, cooperating, interviewing, relating

15. Intrapersonal - working alone, self-paced instruction, individualized projects

16. Naturalist/Ecological - awareness of the natural world and our relationship to it

http://www.pgcps.org/~elc/theory5.html
LEARNING STYLES / PERSONALITY TYPES

The Kiersey Personality Sorter is one of the best-known personality type indexes.  Here are links to an online version of the test.  This can be a powerful piece of information for the learner, but should be used judiciously.  It should not be used in class or shared with the rest of the class.

http://honolulu.hawaii.edu/intranet/committees/FacDevCom/guidebk/teachtip/keirsey.htm
http://www.keirsey.com/
Once you have taken the test, this gives some information on how the insight can be used to learn effectively.

http://honolulu.hawaii.edu/intranet/committees/FacDevCom/guidebk/teachtip/keirsey2.htm
Succinct statement of basic assumptions and principles of how people learn.

http://honolulu.hawaii.edu/intranet/committees/FacDevCom/guidebk/teachtip/assumpts.htm
ONLINE INVENTORY TO FIND LEARNING STYLE

http://www.ldpride.net/learningstyles.MI.htm
Another online test

http://www.engr.ncsu.edu/learningstyles/ilsweb.html
RIGHT BRAIN – LEFT BRAIN DOMINANT STYLE

http://www.mathpower.com/brain.htm
STUDENT EDUCATIONAL BACKGROUND K-12

MISCONCEPTIONS THEY BRING WITH THEM

AFFECTIVE BEHAVIOR

BRIEF HISTORY OF EDUCATION IN AMERICA

TEXTBOOK ON TEACHING SCIENCE
Chapter 8: Getting to Know Your Students http://www.nap.edu/readingroom/books/str/8.html
LEARNING YOUR STUDENTS' NAMES

HELPING YOUR STUDENTS SUCCEED

SCIENCE FEAR AND MATH ANXIETY

OTHER CONSIDERATIONS

ACCOMMODATING STUDENTS' DIFFERENCES

SOCIETAL ATTITUDES

HELPING STUDENTS TO REALIZE THAT SCIENCE IS A HUMAN ENDEAVOR 
WHERE OUR COLLEGE-AGE STUDENTS HAVE BEEN: THE K-12 STANDARDS

There are national standards for science education.  Each state has some leeway in choosing what they will cover when, but overall, they must meet these national benchmarks.

http://www.mcrel.org/compendium/browse.asp
US Government Department of Education

This is a link to the K-12 National Standards

http://www.ed.gov/teachers/assess/resources/edpicks.jhtml?src=ln
This is an online version of the complete book at the National Academies Press. Several hundred pages.

http://books.nap.edu/openbook.php?record_id=4962&page=104
MISCONCEPTIONS

Abstract of the seminal work by Novak on using concept maps to address misconceptions

http://www2.ucsc.edu/mlrg/proc3abstracts.html#Novak-Meaningful.dp
List of the most common misconceptions by children (and adults!)

http://www.amasci.com/miscon/opphys.html
A look at how children form misconceptions

http://www.indiana.edu/~w505a/studwork/deborah/
Excellent website with links to specific peer-reviewed articles about various misconcnetions

http://www.newyorkscienceteacher.com/sci/miscon/index.php
Online quiz about misconceptions

http://www.ualberta.ca/%7Edgeelan/misconceptions.html
AFFECTIVE BEHAVIOR AND ATTITUDES AND BELIEFS ABOUT SCIENCE

An article correlating student attitudes with performance in physics

http://phet.colorado.edu/web-pages/publications/Perkins_PERC_revisedfinal.pdf
Online survey about learning chemistry

http://jan.ucc.nau.edu/chmsvy-p/chm151PRE.html
Abstract of article on teacher and student beliefs and attitudes (available in Penrose)

http://www3.interscience.wiley.com/cgi-bin/abstract/112767835/ABSTRACT?CRETRY=1&SRETRY=0
HISTORY OF EDUCATION IN AMERICA

A very brief look at some of the historical movements, ideas, and thinkers that have shaped American education.

John Dewey

http://www.infed.org/thinkers/et-dewey.htm
Jean-Jacques Rousseau “Emile; Or, on Education” 

For Rousseau, education “consists not in teaching the child many things, but never letting anything but accurate and clear ideas enter his brain."  

http://www.fred.net/tzaka/rousseau.html
“Èmile paved way for the liberal modern educational experiments. It stated that experience should come not from books but from life. Rousseau's theory of education rests on two assumptions: that man is by nature good and that society and civilization corrupt the native goodness. Only through proper education in youth could the "natural man" come to being. “

http://www.kirjasto.sci.fi/rousse.htm
A PBS site with the theme “School: the Story of American Public Education”  Great images and a selection of influential educators and administrators.

http://www.pbs.org/kcet/publicschool/
Homepage of the “History of Education” society & its journal, “The History of Education Quarterly”

http://www.ed.uiuc.edu/hes/INDEX.htm
A timeline of education in America, including many small items such as the date of the founding of the first kindergarten (1852) and the publishing of the Stanford-Binet IQ scale (1916). 

http://www.cloudnet.com/~edrbsass/educationhistorytimeline.html
THEORIES OF INSTRUCTION

INSTRUCTIONAL THEORIES

Various theories on instruction and how it must match the needs of the learner.  This website has small summaries of each theory, and references for more study.

· Mastery Learning

· Cooperative Learning

· Accelerated Learning

· Thematic Instruction

· Whole-Brain Teaching

· Service Learning

· Cognitive Coaching

· School-to-Work Transition

· Instructional Technology

· Youth Apprenticeship
http://www.funderstanding.com/instruction.cfm
CONSTRUCTIVISM

This is the predominant view used today.  People will seek to construct knowledge based on prior knowledge.  See more extensive listing under “Learning theories”.

http://tip.psychology.org/bruner.html
“5E” INSTRUCTIONAL MODEL

An instructional model based on constructivist theories; used for inquiry-based science teaching.  There are five sequential steps to the process -- engage / explore / explain / elaborate / evaluate.  This article discusses what the learner and what the teacher will do at each step.  Good base for a short “break” during lecture, or for a longer exploration such as a lab experience.

http://faculty.mwsu.edu/west/maryann.coe/coe/inquire/inquiry.htm
This is a WebQuest (for teachers) on preparing a project on the 5E Instructional Model.  It explains all the theory of the 5E method, as well as being a useful example of how a WebQuest works.

http://cte.jhu.edu/techacademy/fellows/Ullrich/webquest/mkuindex.html
COGNITIVE DISSONANCE

This theory states that people will try to resolve conflicts (dissonance) between what they believe and what they are experiencing.  Leads to a search for patterns and resolution.

http://tip.psychology.org/festinge.html
BLOOM’S TAXONOMY

Originally postulated by Benjamin Bloom of the University of Chicago in 1956, this classification of learning skills and behaviors is often referred to simply as the “Taxonomy of Educational Objectives”.  Essentially every holistic or learner-centered theory has its roots in Bloom’s work.

Taxonomy of Educational Objectives: The Classification of Educational Goals; pp. 201-207; B. S. Bloom (Ed.) Susan Fauer Company, Inc. 1956.

It is THE definitive discussion of the underlying components of learning.  Bloom gives a hierarchy of thought processes involved in learning, breaking them down into three domains: Cognitive / Affective / Psychomotor.  The cognitive domain is one most often discussed, where the sub-levels are ranked (lowest to highest) knowledge – comprehension – application – analysis – synthesis – evaluation.  There is a list of verbs corresponding to the higher order thinking skills of Bloom’s taxonomy (“demonstrate” “apply” …) that serves as a useful guide when writing objectives (outcomes) for the learner.  Using verbs that force the learner to use higher order thinking skills is a good way to ensure that the outcomes require real thought.

http://www.csun.edu/~vceed002/ref/reasoning/questions_blooms/blooms.html
Discussion of the three domains and how they relate to learning.

http://honolulu.hawaii.edu/intranet/committees/FacDevCom/guidebk/teachtip/domains.htm
Discussion of Bloom’s taxonomy with verbs and sample behaviors corresponding to each.

http://chiron.valdosta.edu/whuitt/col/cogsys/bloom.html
Excellent article on using Bloom’s Taxonomy to write learning objectives

http://www.naacls.org/PDFviewer.asp?mainURL=/docs/announcement/writing-objectives.pdf
“Seven Principles for Good Practice in Undergraduate Education”

A list of the seven fundamental practices underlying good undergraduate education (published by the American Association of Higher Education bulletin, 1987, and expanded and enhanced since then, especially concerning the use of technology within the seven practices.)  This is the basis for the development of and reasoning behind “Just in Time Teaching” (JiTT), ”Peer Instruction”, and “Conceptests”.  All of these methods attempt to introduce interaction within the traditional lecture format.)

1. encourages contact between students and faculty,

2. develops reciprocity and cooperation among students,

3. encourages active learning,

4. gives prompt feedback,

5. emphasizes time on task,

6. communicates high expectations, and

7. respects diverse talents and ways of learning.
Original article:

http://honolulu.hawaii.edu/intranet/committees/FacDevCom/guidebk/teachtip/7princip.htm
METHODS OF INSTRUCTION
TEXTBOOK ON TEACHING SCIENCE

This very extensive online textbook (available on the National Academies Press website) was prepared by the National Committee on Undergraduate Science Education, and has eight chapters covering every aspect of teaching science at the undergraduate level.  Extensive references and examples for every topic. 

“Science Teaching Reconsidered” (also known as: “STR”)

http://www.nap.edu/readingroom/books/str/
Chapter 2: How Teachers Teach: Specific Methods http://www.nap.edu/readingroom/books/str/2.html
LECTURES

Enhancing Learning in Large Classes

          Hints for More Effective Lecturing

          Asking Questions

          Demonstrations 

DISCUSSIONS

Why Discussion?

          Planning and Guiding Discussions 

COLLABORATIVE LEARNING 

LABORATORIES

Developing Effective Laboratories

          Lab Reports

          Teaching Labs with Teaching Assistants


Students' Evaluation of Your Teaching
Chapter 6: Testing and Grading http://www.nap.edu/readingroom/books/str/6.html
GRADING SPECIFIC ACTIVITIES

    
THE WHY AND HOW OF TESTS

What About Take-Home Tests?

          
Are There Advantages to Open Book Tests? 

HELPING YOUR STUDENTS PREPARE FOR EXAMS

    
TESTING STUDENTS THROUGHOUT THE TERM

    
APPROACHES TO ASSIGNING GRADES

Ways to Encourage Improvement 

Chapter 7: Choosing and Using Instructional Resources http://www.nap.edu/readingroom/books/str/7.html
TEXTBOOK USE IN TEACHING AND LEARNING

Advantages and Disadvantages of Using Textbooks

         Changes in Textbook Style and Content

         Textbooks and Effective Learning

         How to Choose and Use an Appropriate Textbook

         What If I Can't Find the "Perfect" Textbook? 

INFORMATION TECHNOLOGY USE IN TEACHING AND LEARNING

Internet

          
World Wide Web

          
Electronic Communication

Choosing and Using Electronic Technologies

Chapter 8: Getting to Know Your Students http://www.nap.edu/readingroom/books/str/8.html
LEARNING YOUR STUDENTS' NAMES

HELPING YOUR STUDENTS SUCCEED

SCIENCE FEAR AND MATH ANXIETY

OTHER CONSIDERATIONS

ACCOMMODATING STUDENTS' DIFFERENCES

SOCIETAL ATTITUDES

HELPING STUDENTS TO REALIZE THAT SCIENCE IS A HUMAN ENDEAVOR 

CASE STUDY TEACHING 

National Center for Case Study Teaching in Science

Cases are used to frame the lesson and provide structure for the class.

 http://ublib.buffalo.edu/libraries/projects/cases/case.html
Example case studies

http://ublib.buffalo.edu/libraries/projects/cases/ubcase.htm
Reference list of important articles

http://ublib.buffalo.edu/libraries/projects/cases/article.htm
PODCASTS ON SCIENCE TOPICS 

(Can be used as discussion-starters or for research paper topics in the classroom.)

National Academies Press

http://media.nap.edu/podcasts/
CENTER FOR ASTRONOMY EDUCATION 

(Jet Propulsion Laboratory)

Information on teaching strategies, not necessarily for astronomy.

Assessment, Building Community, Curriculum, Goals, Implementation, Professional Development

http://astronomy101.jpl.nasa.gov/tips/tips_archives.cfm

“THINK-PAIR-SHARE”

A method of easing student anxiety and reticence about speaking in class.  Excellent way to get class discussions going or to generate whole-class procedures.

http://astronomy101.jpl.nasa.gov/tips/index.cfm?TeachingID=20
“BUILDING BLOCKS FOR TEAMS”

Information on using teams in the classroom.

http://tlt.its.psu.edu/suggestions/teams/
WRITING OBJECTIVES

A comprehensive look at how to write objectives (the “goals” of a lesson, unit, class, or semester.)  Very detailed, but accessible information, and organized very clearly.  Large list of verbs to use to relate to Bllom’s Taxonomy (to ensure use of higher order thinking skills.) Also has information about how the 3 Domains of Bloom’s learning theory inform the objectives.
http://www.naacls.org/PDFviewer.asp?mainURL=/docs/announcement/writing-objectives.pdf
An short overview of how (and why) we write instructional objectives.

http://edtech.tennessee.edu/~bobannon/classifications.html
“TOOLS FOR TEACHING EXCELLENCE”

Penn State University Teaching and Learning Website

Excellent site with essential articles on nearly every aspect of teaching

http://www.schreyerinstitute.psu.edu/Tools/
Course Design and Planning

Teaching and Assessment Strategies

Tools for Course Evaluation

Tools for Program and Department Assessment

Scholarship of Teaching and Learning

LIST OF RESOURCES FOR ALL ASPECTS OF TEACHING

Repeats some of what is on the Penn State website, but also adds many more.  Excellent source.

http://www.geosc.psu.edu/~jaring/TeachingPortfolio/teachres.htm
ACTIVE LEARNING

“Active Learning” is a way to engage students in their own learning by encouraging a dialectic between the self and the experience of “doing”, rather than the experience of “observing” with its dialogue with others.  It is convenient to thin of it as a 4-part system, with varying degrees of interaction among the four (the experiences of doing vs. observing, and the participant as the self vs.  others).

http://honolulu.hawaii.edu/intranet/committees/FacDevCom/guidebk/teachtip/active.htm
TIPS AND IDEAS FOR EXCERCISES TO DO IN CLASS TO ENGAGE STUDENTS

http://www.calstatela.edu/dept/chem/chem2/Active/main.htm
“THE SOURCEBOOK FOR SCIENCE TEACHING”

Excellent website with links to every possible science teaching material or technique.

Also ready-made templates to use in the classroom

Example: “21 Questions” game (to teach concept of a dichotomous key, with a pdf template of a dichotomous key)

GAMES FOR SCIENCE CLASSROOM

http://www.csun.edu/~vceed002/ref/games/
LIST OF TOPICS FOR COMPARISON TABLES

http://www.csun.edu/~vceed002/books/sourcebook/chapters/7-critical-thinking/cmparisons.html
INSTRUCTIONAL PRACTICES

Research-based, proven instructional strategies, with effect size and percentile gains, comparing classes where the strategy was, and was not, used.  This website is essentially the same as the book “Classroom Instruction That Works”, although the book has many more specific ideas about appropriate uses of these strategies.  The online version of the full book is available here:

http://t4.jordan.k12.ut.us/professional_development/strategies/What_Works.pdf
Proven Instructional Strategies:

1. Identifying similarities and differences (  Percentile Gain =  45

2. Summarizing and note taking (  Percentile Gain =  34

3. Reinforcing effort and providing recognition (  Percentile Gain = 29

4. Homework and practice (  Percentile Gain = 28

5. Nonlinguistic representations (  Percentile Gain = 27

6. Cooperative learning (  Percentile Gain = 27

7. Setting objectives and providing feedback (  Percentile Gain = 23

8. Generating and testing hypotheses (  Percentile Gain = 23

9. Cues, questions, and advance organizers (  Percentile Gain = 22

http://www.middleweb.com/MWLresources/marzchat1.html
“Seven Principles for Good Practice in Undergraduate Education”

A list of the 7 fundamental practices underlying good undergraduate education (published by the American Association of Higher Education bulletin, 1987, and expanded and enhanced since then, especially concerning the use of technology within the seven practices.)  This is the basis for the development of and reasoning behind “Just in Time Teaching” (JiTT), ”Peer Instruction”, and “Conceptests”.  All of these methods attempt to introduce interaction within the traditional lecture format.)

8. encourages contact between students and faculty,

9. develops reciprocity and cooperation among students,

10. encourages active learning,

11. gives prompt feedback,

12. emphasizes time on task,

13. communicates high expectations, and

14. respects diverse talents and ways of learning.
Original article:

http://honolulu.hawaii.edu/intranet/committees/FacDevCom/guidebk/teachtip/7princip.htm
Using technology to implement the principles
http://www.tltgroup.org/programs/seven.html
“CONCEPTESTS” (Brief, interactive, whole-class activities to use in the lecture setting.)

How a “conceptest” works: conceptual questions are posed in the lecture room along with a few possible answers. Students vote on the possible answers, then try to persuade their neighbors in the lecture room that they are correct, and finally vote again. This form of peer instruction is often an effective pedagogical method, and it also provides the instructor with on-line feedback as to how well the class is following the lecture.  Conceptests were developed by Harvard physicist Eric Mazur.

Example of using “ConcepTests” in lecture-class format to assess student understanding while class is in session. (“formative assessment”)

http://www.wcer.wisc.edu/archive/cl1/flag/extra/download/cat/contests/contests.pdf
Extensive list of ready-to-use conceptests (with answers) for chemistry.

http://www.jce.divched.org/JCEDLib/QBank/collection/ConcepTests/
Conceptests for undergraduate astronomy

http://hea-www.harvard.edu/%7Epgreen/educ/ConcepTests.html?PHPSESSID=

JUST-IN-TIME TEACHING

“Just-in-Time Teaching (JiTT for short) is a teaching and learning strategy based on the interaction between web-based study assignments and an active learner classroom. Students respond electronically to carefully constructed web-based assignments which are due shortly before class, and the instructor reads the student submissions "just-in-time" to adjust the classroom lesson to suit the students' needs. Thus, the heart of JiTT is the "feedback loop" formed by the students' outside-of-class preparation that fundamentally affects what happens during the subsequent in-class time together.”

http://134.68.135.1/jitt/
http://134.68.135.1/jitt/what.html
DIRECT INSTRUCTION Hunter’s 5-Step Plan

http://coe.sdsu.edu/people/jmora/5StepELL/sld015.htm
Hunter pioneered the method called Direct Instruction.  It is not simply lecturing, but rather a carefully thought out sequence of steps.  Done well, Direct Instruction is very well suited to certain types of information that must be conveyed quickly.  In particular, it is good for background information so that the students can move on to analysis and higher order thinking.

This website has an extensive discussion of the method, and examples.  One of Hunter’s steps called the “Anticipatory Set” is often used with other methods.

http://www.humboldt.edu/~tha1/hunter-eei.html
ANTICIPATORY SET

The “hook” that begins the lesson and sets the stage.  Purpose:

•
Focus the learner. 

•
Motivate the learner. 

•
State the value of the lesson. 

•
Review as needed. 

•
Set the stage.  

http://www.humboldt.edu/~tha1/hunter-eei.html
http://www2.okbu.edu/academics/natsci/ed/398/set.htm
CONCEPT MAPPING

Concept maps are graphical tools for organizing and representing knowledge.  They are hierarchical, with cross-linkages showing relationships.

Excellent information about theory underlying concept mapping. 

 Includes references to seminal materials and papers, practical uses, examples, 

http://www.wcer.wisc.edu/archive/cl1/flag/cat/conmap/conmap2.htm
Information on how to use concept maps in the classroom, including examples.  (Information on using for assessment, also.)

http://www.wcer.wisc.edu/archive/cl1/flag/cat/conmap/conmap3.htm
Example of using “ConcepTests” in lecture-class format to assess student understanding while class is in session. (“formative assessment”)

http://www.wcer.wisc.edu/archive/cl1/flag/extra/download/cat/contests/contests.pdf
Software (free application software) to visually organize the contents of your “Favorites” bookmarks folder.  Demonstrates how visually mapping a subject allows faster organization and a deeper understanding of relationships.)

http://www.thebrain.com/#-47
Definitive research into concept maps.  (How to make them, why make them, uses, types, examples, theory, research)

http://cmap.ihmc.us/Publications/ResearchPapers/TheoryCmaps/TheoryUnderlyingConceptMaps.htm
Information on concept mapping as used in the sciences  (with references to seminal studies on the subject)

http://www.utc.edu/Administration/WalkerTeachingResourceCenter/FacultyDevelopment/ConceptMapping/#what-is
Abstract of research on using concept maps to assess student learning in intro. Chem.

http://www.eric.ed.gov:80/ERICWebPortal/custom/portlets/recordDetails/detailmini.jsp?_nfpb=true&_&ERICExtSearch_SearchValue_0=ED347055&ERICExtSearch_SearchType_0=eric_accno&accno=ED347055
USING CONCEPT MAPS AS A RESEARCH TOOL IN SCIENCE EDUCATION RESEARCH
http://cmc.ihmc.us/papers/cmc2004-223.pdf
Literature review of uses of concept mapping.

http://www2.ucsc.edu/mlrg/clr-conceptmapping.html
Abstract of the seminal work by Novak on using concept maps to address misconceptions

http://www2.ucsc.edu/mlrg/proc3abstracts.html#Novak-Meaningful.dp
QUESTIONING SKILLS

A look at methods of asking questions that elicits deeper responses from the students

http://www.cshe.unimelb.edu.au/pdfs/Skill_Question.pdf
http://www.utc.edu/Administration/WalkerTeachingResourceCenter/FacultyDevelopment/Questioning/index.html
A philosophical look at questioning; how to do it, different classifications of questions, types of responses generated.

http://www.exploratorium.edu/IFI/resources/workshops/artofquestioning.html
An article on the role of questioning in thinking.

http://www.criticalthinking.org/resources/articles/the-role-of-questions.shtml
DISCREPANT EVENTS

Using a quick demo that produces an unexpected or puzzling result is a good way to engage students and promote class discussion.  This article is aimed at lower grades, but he theory discussed is applicable.

https://umdrive.memphis.edu/swabdi/public/DiscrepantEvents/ScientificDiscrepantEvents.PDF
Another article with the theory behind using discrepant events.

http://www.tcnj.edu/~minogue/Course%20Materials/Discrepant%20Events_activity.pdf
“ALTERNATIVE” ASSESSMENT AND TEACHING TECHNIQUES

A very extensive list of ideas to use in the classroom, with explanations of background theory and strategies involved.   Many are ready-to-use.

Virtual Field Trips / Case Studies / Debates / Problem Based Learning / Role Play
Mysteries / Posters / WebQuests and Treasure Hunts / CyberGuides / Mini-conferences / Plays / Concept Maps and Future Wheels / Interactive Narratives / Predict Observe Explain (POE) / Five Es / Vee Diagrams / Portfolios / Oral Presentations / Multimedia Presentations / Collaborative Work

http://science.uniserve.edu.au/school/support/strategy.html#Vee
 “5E” INSTRUCTIONAL MODEL

An instructional model based on constructivist theories; used for inquiry-based science teaching.  There are five sequential steps to the process -- engage / explore / explain / elaborate / evaluate.  This article discusses what the learner and what the teacher will do at each step.  Good base for a short “break” during lecture, or for a longer exploration such as a lab experience.

http://faculty.mwsu.edu/west/maryann.coe/coe/inquire/inquiry.htm
This is a WebQuest (for teachers) on preparing a project on the 5E Instructional Model.  It explains all the theory of the 5E method, as well as being a useful example of how a WebQuest works.

http://cte.jhu.edu/techacademy/fellows/Ullrich/webquest/mkuindex.html
“CAT” (“Classroom Assessment Technique”) 

part of the FLAG (“Field Tested Learning Assessment Guide”) project.  

http://www.flaguide.org/cat/cat.php
This is a website with proven, innovative assessment techniques specifically designed for undergraduate courses in science, mathematics, engineering and technology.  They are either ready-to-use “tools”, or guides to help you write your own.

Several are short, interactive techniques used within the lecture setting to assess student understanding or facilitate discussion.  Others are longer or better suited to assessment at the end of a unit or semester.

They were developed by the National Institute for Science Education's (NISE) College Level One (CL-1) Team, based at the University of Wisconsin-Madison  -- a nationwide community of post-secondary science, mathematics, engineering, and technology faculty, education researchers, faculty developers, and students.

Each CAT listed below contains:
    * Focus Questions: Overview of strategy; general requirements and limitations of implementation.

    * Description: Succinct but thorough introduction.

    * Purposes: Indications of appropriate usage.

    * Limitations: Contra-indications and potential problems.

    * Teaching Goals: List of course goals addressed by the strategy.

    * Suggestions for Use: Friendly "Tips" from an experienced user.

    * Step-by-Step: Explicit directions for implementation.

    * Variations: Alternative uses and elaborations.

    * Analysis: Making sense of the data; uses in evaluation.

    * Pros and Cons: Advantages and disadvantages.

    * Theory and Research: Conceptual and empirical foundations.

    * Links: URLs or email addresses of CAT authors for direct contact by users.

    * Sources: Books, papers, related web-sites.

    * Author's Story: Personalized description of author and how (s)he came to use strategy.

The CATs are:

Attitude Surveys

ConcepTests

Concept Mapping

Conceptual Diagnostic Tests

Interviews

Mathematical Thinking

Minute Paper

Multiple Choice Test

Performance Assessment

Portfolios

Scoring Rubrics

Student Assessment of Learning Gains

Weekly Reports

“FLAG” “Field-tested Learning Assessment Guides” (University of Wisconsin)

http://www.wcer.wisc.edu/archive/cl1/flag/cat/rubrics/rubrics2.htm
Example of using “ConcepTests” in lecture-class format to assess student understanding while class is in session. (“formative assessment”)

http://www.wcer.wisc.edu/archive/cl1/flag/extra/download/cat/contests/contests.pdf
SCAFFOLDING

Scaffolding is an instructional technique where the instructor provides much support initially (direct instruction, handouts, worksheets, modeling) and gradually withdraws that support as the learner gains skills.  It is based on Vygotsky’s sociocultural theory and his concept of the zone of proximal development (ZPD).  “The zone of proximal development is the distance between what children can do by themselves and the next learning that they can be helped to achieve with competent assistance.  If assistance is provided initially, the leap forward in learning is accelerated.

Example of using scaffolding to teach webdesign.

http://serc.carleton.edu/NAGTWorkshops/webdesign/Scaffolding/
Excellent paper on using scaffolding for students learning earth science.

http://cltnet.org/archive/dfgnsf/docs/WashWG1Herbert.pdf.

USING ANALOGIES, METAPHORS, POV, & CHANGES OF SCALE
USING ANALOGIES TO TEACH CONCEPTUAL APPLICATIONS OF DEVELOPMENTAL THEORIES Mayo J. A., Journal of Constructivist Psychology, Volume 14, Number 3, 1 July 2001, pp. 187-213(27).  A study that found a positive correlation between using analogies and student learning.

An article describing a study that found a positive correlation between using analogies and student learning about quantum mechanics.

http://www.aare.edu.au/05pap/han05274.pdf
A site devoted to teaching teachers how to use analogies in their science classrooms.

http://www.physics.nau.edu/~james/TeachingTeachersAnalogies.htm
An article on using analogies in a biochemistry class, with emphasis on types of analogies that work well, and ways to improve.

http://www.uoi.gr/cerp/2004_February/pdf/04Bodner.pdf
RUBRICS

Free online web tool to generate rubrics.  Type in the information for each category, and it will generate a rubric for you.  Many examples, although you will have to modify them for college.  The format and general idea is very useful, however.

http://www.teach-nology.com/web_tools/rubrics/
US government-sponsored free website for creating rubrics.

http://rubistar.4teachers.org/index.php
This example is from the site listed above.  It is a rubric for evaluating individual participation in a collaborative learning group.

http://www.uwstout.edu/soe/profdev/rubrics/secondaryteamworkrubric.pdf
An example of a rubric for a report on “Tide pools”.

http://edweb.sdsu.edu/triton/tidepoolunit/Rubrics/reportrubric.html
Example of a WebQuest rubric.

http://web.archive.org/web/20030504031312/http://spurr.pls.uni.edu/es/activities/astronomy/nasa_rubric.html
Example of rubric for an oral presentation.

http://www.nwrel.org/assessment/pdfRubrics/oralassess.PDF
METACOGNITION, STUDY SKILLS, & 

ORGANIZATION OF INFORMATION

METACOGNITION AND STUDY SKILLS

Metacognition is the process of thinking about one’s own thinking and learning. “It includes thoughts about (1) what we know or don't know and (2) regulating how we go about learning.” This constant monitoring and adapting is the hallmark of metacognition.  Making this process transparent and incorporating it as an explicit skill is extremely important to our students.
Metacognition requires us to ask questions such as:

    *  What do I know about this subject, topic, issue?

    * Do I know what do I need to know?

    * Do I know where I can go to get some information, knowledge?

    * How much time will I need to learn this?

    * What are some strategies and tactics that I can use to learn this?

    * Did I understand what I just heard, read or saw?

    * How will I know if I am learning at an appropriate rate?

    * How can I spot an error if I make one?

    * How should I revise my plan if it is not working to my expectations/satisfaction?

http://chiron.valdosta.edu/whuitt/col/cogsys/metacogn.html
A short article on metacognition with a focus on the difference between a novice and an expert learner, and a set of study skills and habits that are valuable.

http://coe.sdsu.edu/eet/Articles/metacognition/start.htm
Metacognition consists of three parts:

* Developing a plan of action

* Maintaining/monitoring the plan

* Evaluating the plan

This website has a short list of questions the learner can ask to monitor their learning.

http://www.ncrel.org/sdrs/areas/issues/students/learning/lr1metn.htm
An extensive discussion of metacognition.  Good section on the affective component of metacognition (wanting to learn about something enhances the ability to learn it) and the connection between memory and metacognition.  (Metacognitive skills must become overlearned so they are automatic, and don’t occupy a portion of the working memory, leaving it free to concentrate on the task at hand.)  

http://education.calumet.purdue.edu/Vockell/EdPsyBook/Edpsy7/edpsy7_meta.htm
The section above is part of a larger book on educational psychology and teaching thinking skills. 

Educational Psychology: A Practical Approach by Edward Vockell

Entire text available online at:

http://education.calumet.purdue.edu/Vockell/EdPsyBook/Edpsy7/edpsy7_intro.htm
TAKING NOTES “THE CORNELL NOTE-TAKING SYSTEM”

This is the most used system for organizing notes.  It is taught at many colleges as a specific skill.

This page is a pdf of a sample blank page to use.

http://www.clt.cornell.edu/campus/learn/LSC%20Resources/cornellsystem.pdf
This is the Cornell system as used by Dartmouth.  Has a sample page and quick reference notes that the student may print out on a single page.  Dartmouth’s Academic Skills Center has many other useful study links.

http://www.dartmouth.edu/~acskills/success/notes.html
STUDY SKILLS ONLINE HELP AND TUTORIALS

This is an excellent website with many specific ideas about study help, including such things as “Emergency test prep”, which is actually a very sane, rational approach  which should reduce student stress by giving them a plan.

http://www.studygs.net/index.htm
This is an excellent website for study skill basics.  It is particularly good at explaining concept maps, with many examples of graphic organizers to print out as templates.  It is for a community college, but ignore that and look at the content.

http://www.bucks.edu/~specpop/studyskills.htm
STUDY SKILL DEVELOPMENT (SQ4R)

A popular method of studying is called “SQ4R”.  The steps are:
       1. Survey -- Read chapter outlines, chapter headings, recaps, objectives, etc.

       2. Question -- Formulate questions you believe will be addressed in reading

       3. Read -- Read material quickly, carefully, actively; try to answer previously formulated questions

       4. Reflect -- Write in journal, make notes, or simply wonder about material        

       5. Recite -- Explain aloud to yourself or another person what you have read.

       6. Review -- Go back over what you have learned; use study guide; reread recaps, reviews, or end of chapter summaries
http://chiron.valdosta.edu/whuitt/col/cogsys/sq4r.html
A very engaging site with a wealth of information on study skills and writing.  Very complete and aimed specifically at college students.

http://www.howtostudy.org/
MEMORY and MNEMONIC DEVICES 

Mnemonic devices have been used since time immemorial.  Celtic knotwork is an example, as are the knotted strings of Polynesian seafarers http://www.stringfigure.com/teach/teach.html
and diagrams such as “The Wheel of Moral Struggle” used by Medieval monks and other religious aids-to-memory.

http://beinecke.library.yale.edu/speculum/pdf/3r-clarke.pdf
Classics include “Every Good Boy Does Fine” and “OIL RIG” for “Oxidation is Loss” on redox chemistry.

http://712educators.about.com/od/creativethinking/tp/mnemonics.htm
Student-generated mnemonic devices and similies are a great way to have students encode content so they may move on to deeper understanding by freeing up working memory.  This page has an example of uses of these techniques.

http://volcano.und.edu/vwdocs/msh/llc/is/mom.html
Chapter 6 of this textbook deals with memory and information processing

http://education.calumet.purdue.edu/Vockell/EdPsyBook/
Mnemonic strategies

Using mnemonic devices (such as rhyming, singing, keywords – linking a picture with a word or phrase) can be a useful tool.  It is generally considered to be an effective precomprehension strategy, rather than the sole means of learning the information.  

http://education.calumet.purdue.edu/vockell/EdPsyBook/Edpsy6/edpsy6_mnemonics.htm
Using a variety of study-skills strategies and tactics enhances learning. Some examples discussed here are: Rehearsal / Mnemonic Devices / Self-Questioning.

http://college.hmco.com/education/pbl/tc/cog.html
Although this site is for teachers of students with learning disabilities, the discussion of learning aids (including mnemonic devices, pegwords and others) is excellent.

http://www.dldcec.org/ld_resources/alerts/5.htm
Working memory

“Human beings do all their active thinking and problem solving in working memory. The quality of the input into working memory and of the operations that go on there determine the quality of learning and problem solving. There are three critical phases in the effective use of working memory: (1) getting information correctly into this short-term area, (2) handling the information appropriately while it is there, (3) moving information correctly from working memory to long-term storage, and using the information in working memory to generate some kind of output.”  This means that we need our working memory available while learning.  Using a mnemonic device lets us move the information out of working memory and frees up space, as does drawing a diagram or notes or other means that we can use as “temporary storage devices” that we can use later to move the information rapidly into and out of working memory.  “Chunking” information is another reliable way to free up space and move information rapidly.

http://education.calumet.purdue.edu/vockell/EdPsyBook/Edpsy6/edpsy6_working.htm
CONCEPT MAPPING

Concept maps are graphical tools for organizing and representing knowledge.  They are hierarchical, with cross-linkages showing relationships.

Excellent information about theory underlying concept mapping. 

 Includes references to seminal materials and papers, practical uses, examples, 

http://www.wcer.wisc.edu/archive/cl1/flag/cat/conmap/conmap2.htm
Information on how to use concept maps in the classroom, including examples.  (Information on using for assessment, also.)

http://www.wcer.wisc.edu/archive/cl1/flag/cat/conmap/conmap3.htm
Example of using “ConcepTests” in lecture-class format to assess student understanding while class is in session. (“formative assessment”)

http://www.wcer.wisc.edu/archive/cl1/flag/extra/download/cat/contests/contests.pdf
Software (free application software) to visually organize the contents of your “Favorites” bookmarks folder.  Demonstrates how visually mapping a subject allows faster organization and a deeper understanding of relationships.)

http://www.thebrain.com/#-47
Definitive research into concept maps.  (How to make them, why make them, uses, types, examples, theory, research)

http://cmap.ihmc.us/Publications/ResearchPapers/TheoryCmaps/TheoryUnderlyingConceptMaps.htm
Information on concept mapping as used in the sciences  (with references to seminal studies on the subject)

http://www.utc.edu/Administration/WalkerTeachingResourceCenter/FacultyDevelopment/ConceptMapping/#what-is
Abstract of research on using concept maps to assess student learning in intro. Chem.

http://www.eric.ed.gov:80/ERICWebPortal/custom/portlets/recordDetails/detailmini.jsp?_nfpb=true&_&ERICExtSearch_SearchValue_0=ED347055&ERICExtSearch_SearchType_0=eric_accno&accno=ED347055
USING CONCEPT MAPS AS A RESEARCH TOOL IN SCIENCE EDUCATION RESEARCH
http://cmc.ihmc.us/papers/cmc2004-223.pdf
Literature review of uses of concept mapping.

http://www2.ucsc.edu/mlrg/clr-conceptmapping.html
Abstract of the seminal work by Novak on using concept maps to address misconceptions

http://www2.ucsc.edu/mlrg/proc3abstracts.html#Novak-Meaningful.dp
VISUAL DISPLAY OF INFORMATION 

This book (The Visual Display of Quantitative Information by Edward Tufte) is the definitive study on graphic presentation and display of information of all types.  His other books (Envisioning Information and Visual Explanations: Images and Quantities, and The Cognitive Style of Powerpoint: Pitching Out Corrupts Within) are also classics and extremely readable.  He is vehemently against the use of Powerpoint, so it’s an interesting read.

http://www.amazon.com/Visual-Display-Quantitative-Information/dp/096139210X
PORTFOLIOS / SELF-REFLECTION

Information about what a portfolio is, as well as the research behind why it is useful.  Includes information about implementing it in the classroom.  Skip the parts about connecting with Maryland Standards; the rest is still very good.

http://www.pgcps.org/~elc/portfolio.html
Huba, Mary E. & Freed, Jann E. (2000). Using Portfolios to Promote, Support, and Evaluate Learning. In: Learner-Centered Assessment on College Campuses: Shifting the Focus from Teaching to Learning. Needham Heights, MA: Allyn & Bacon, 232- 268.
McGregor, Jean. (Ed.) (1993). Learning Self-Evaluation: Fostering Reflective Learning. New Directions for Teaching and Learning, 56. San Francisco: Jossey- Bass.
Zubizarreta, John. (2004). The Learning Portfolio: Reflective Practice for Improving Student Learning. Bolton, MA: Anker.

LEARNING STYLES / PERSONALITY TYPES 

(useful to the student monitoring strategies for learning  -- metacognition)

The Kiersey Personality Sorter is one of the best-known personality type indexes.  Here are links to an online version of the test.  This can be a powerful piece of information for the learner, but should be used judiciously.  It should not be used in class or shared with the rest of the class.

http://honolulu.hawaii.edu/intranet/committees/FacDevCom/guidebk/teachtip/keirsey.htm
http://www.keirsey.com/
Once you have taken the test, this gives some information on how the insight can be used to learn effectively.

http://honolulu.hawaii.edu/intranet/committees/FacDevCom/guidebk/teachtip/keirsey2.htm
Succinct statement of basic assumptions and principles of how people learn.

http://honolulu.hawaii.edu/intranet/committees/FacDevCom/guidebk/teachtip/assumpts.htm
ASSESSMENT, OBJECTIVES, & RUBRICS

WRITING OBJECTIVES

A comprehensive look at how to write objectives (the “goals” of a lesson, unit, class, or semester.)  Very detailed, but accessible information, and organized very clearly.  Large list of verbs to use to relate to Bloom’s Taxonomy (to ensure use of higher order thinking skills.) Also has information about how the 3 Domains of Bloom’s learning theory inform the objectives.
http://www.naacls.org/PDFviewer.asp?mainURL=/docs/announcement/writing-objectives.pdf
Printable list of verbs to use when writing objectives (“Bloom’s Verbs”)

http://www.teachervision.fen.com/teaching-methods/curriculum-planning/2172.html?for_printing=1&detoured=1
A short overview of how (and why) we write instructional objectives.  Uses the “ABCD” style: (Audience / Behavior / Conditions / Degree).

http://edtech.tennessee.edu/~bobannon/writing_objectives.html
BLOOM’S TAXONOMY

Originally postulated by Benjamin Bloom of the University of Chicago in 1956, this classification of learning skills and behaviors is often referred to simply as the “Taxonomy of Educational Objectives”.  Essentially every holistic or learner-centered theory has its roots in Bloom’s work.  Objectives (or “goals”) for the students are written using Bloom’s Taxonomy.

Taxonomy of Educational Objectives: The Classification of Educational Goals; pp. 201-207; B. S. Bloom (Ed.) Susan Fauer Company, Inc. 1956.

It is THE definitive discussion of the underlying components of learning.  Bloom gives a hierarchy of thought processes involved in learning, breaking them down into 3 domains: Cognitive / Affective / Psychomotor.  The cognitive domain is one most often discussed, where the sub-levels are ranked (lowest to highest) knowledge – comprehension – application – analysis – synthesis – evaluation.  There is a list of verbs corresponding to the higher order thinking skills of Bloom’s taxonomy (“demonstrate” “apply” …) that serves as a useful guide when writing objectives (outcomes) for the learner.  Using verbs that force the learner to use higher order thinking skills is a good way to ensure that the outcomes require real thought.

http://www.csun.edu/~vceed002/ref/reasoning/questions_blooms/blooms.html
Discussion of the 3 domains and how they relate to learning.

http://honolulu.hawaii.edu/intranet/committees/FacDevCom/guidebk/teachtip/domains.htm
Discussion of Bloom’s taxonomy with verbs and sample behaviors corresponding to each.

http://chiron.valdosta.edu/whuitt/col/cogsys/bloom.html
Excellent article on using Bloom’s Taxonomy to write learning objectives

http://www.naacls.org/PDFviewer.asp?mainURL=/docs/announcement/writing-objectives.pdf
“ALTERNATIVE” ASSESSMENT AND TEACHING TECHNIQUES

A very extensive list of ideas to use in the classroom, with explanations of background theory and strategies involved.   Many are ready-to-use.

Virtual Field Trips / Case Studies / Debates / Problem Based Learning / Role Play
Mysteries / Posters / WebQuests and Treasure Hunts / CyberGuides / Mini-conferences / Plays / Concept Maps and Future Wheels / Interactive Narratives / Predict Observe Explain (POE) / Five Es / Vee Diagrams / Portfolios / Oral Presentations / Multimedia Presentations / Collaborative Work

http://science.uniserve.edu.au/school/support/strategy.html#Vee
“CAT” (“Classroom Assessment Technique”) 

part of the FLAG (“Field Tested Learning Assessment Guide”) project.  

This is a website with proven, innovative assessment techniques specifically designed for undergraduate courses in science, mathematics, engineering and technology.  They are either ready-to-use “tools”, or guides to help you write your own.

Several are short, interactive techniques used within the lecture setting to assess student understanding or facilitate discussion.  Others are longer or better suited to assessment at the end of a unit or semester.

They were developed by the National Institute for Science Education's (NISE) College Level One (CL-1) Team, based at the University of Wisconsin-Madison  -- a nationwide community of post-secondary science, mathematics, engineering, and technology faculty, education researchers, faculty developers, and students.

Each CAT listed below contains:
    * Focus Questions: Overview of strategy; general requirements and limitations of implementation.

    * Description: Succinct but thorough introduction.

    * Purposes: Indications of appropriate usage.

    * Limitations: Contra-indications and potential problems.

    * Teaching Goals: List of course goals addressed by the strategy.

    * Suggestions for Use: Friendly "Tips" from an experienced user.

    * Step-by-Step: Explicit directions for implementation.

    * Variations: Alternative uses and elaborations.

    * Analysis: Making sense of the data; uses in evaluation.

    * Pros and Cons: Advantages and disadvantages.

    * Theory and Research: Conceptual and empirical foundations.

    * Links: URLs or email addresses of CAT authors for direct contact by users.

    * Sources: Books, papers, related web-sites.

    * Author's Story: Personalized description of author and how (s)he came to use strategy.

The available CATs (Classroom Assessment Techniques) are:

Attitude Surveys

ConcepTests

Concept Mapping

Conceptual Diagnostic Tests

Interviews

Mathematical Thinking

Minute Paper

Multiple Choice Test

Performance Assessment

Portfolios

Scoring Rubrics

Student Assessment of Learning Gains

Weekly Reports

http://www.flaguide.org/cat/cat.php
“FLAG” “Field-tested Learning Assessment Guides” (University of Wisconsin)

http://www.wcer.wisc.edu/archive/cl1/flag/cat/rubrics/rubrics2.htm
Example of using “ConcepTests” in lecture-class format to assess student understanding while class is in session. (“formative assessment”)

http://www.wcer.wisc.edu/archive/cl1/flag/extra/download/cat/contests/contests.pdf
PORTFOLIOS / SELF-REFLECTION
Information about what a portfolio is, as well as the research behind why it is useful.  Includes information about implementing it in the classroom.  Skip the parts about connecting with Maryland Standards; the rest is still very good.

http://www.pgcps.org/~elc/portfolio.html
Huba, Mary E. & Freed, Jann E. (2000). Using Portfolios to Promote, Support, and Evaluate Learning. In: Learner-Centered Assessment on College Campuses: Shifting the Focus from Teaching to Learning. Needham Heights, MA: Allyn & Bacon, 232- 268.
McGregor, Jean. (Ed.) (1993). Learning Self-Evaluation: Fostering Reflective Learning. New Directions for Teaching and Learning, 56. San Francisco: Jossey- Bass.
Zubizarreta, John. (2004). The Learning Portfolio: Reflective Practice for Improving Student Learning. Bolton, MA: Anker.

RUBRICS

"Rubrics" are a way of explicitly stating the criteria for student work.  They may lead to a grade or be part of the grading process.  However, they are more specific, detailed, and disaggregated than a grade.  Thus they can show strengths and weaknesses in student work.”

Although meant for student teachers, this is a tutorial on rubrics.  It walks you through all the steps, and gives many examples of all the forms a rubric may take.  Very well done and easy to read.

http://edtech.tennessee.edu/~itce/5rubrics/rubrics.htm
Free online web tool to generate rubrics.  Type in the information for each category, and it will generate a rubric for you.  Many examples, although you will have to modify them for college.  The format and general idea is very useful, however.

http://www.teach-nology.com/web_tools/rubrics/
US government-sponsored free website for creating rubrics.

http://rubistar.4teachers.org/index.php
This example is from the site listed above.  It’s a rubric for evaluating individual participation in a collaborative learning group.

http://www.uwstout.edu/soe/profdev/rubrics/secondaryteamworkrubric.pdf
An example of a rubric for a report on “Tide pools”.

http://edweb.sdsu.edu/triton/tidepoolunit/Rubrics/reportrubric.html
Example of a WebQuest rubric.

http://web.archive.org/web/20030504031312/http://spurr.pls.uni.edu/es/activities/astronomy/nasa_rubric.html
Example of rubric for an oral presentation.

http://www.nwrel.org/assessment/pdfRubrics/oralassess.PDF
CENTER FOR ASTRONOMY EDUCATION 

(Jet Propulsion Laboratory)

Information on teaching strategies, not necessarily for astronomy.

Five different tools for assessment (plus Building Community, Curriculum, Goals, Implementation, Professional Development)

http://astronomy101.jpl.nasa.gov/tips/tips_archives.cfm
“TOOLS FOR TEACHING EXCELLENCE”

Penn State University Teaching and Learning Website

Excellent site with essential articles on nearly every aspect of teaching

Course Design and Planning

Teaching and Assessment Strategies
Tools for Course Evaluation

Tools for Program and Department Assessment

Scholarship of Teaching and Learning
http://www.schreyerinstitute.psu.edu/Tools/
LIST OF RESOURCES FOR ALL ASPECTS OF TEACHING

Repeats some of what is on the Penn State website, but also adds many more.  Excellent source.

http://www.geosc.psu.edu/~jaring/TeachingPortfolio/teachres.htm
SCHOLARSHIP OF TEACHING AND LEARNING & PROFESSIONAL DEVELOPMENT
SCHOLARSHIP OF TEACHING AND LEARNING & PROFESSIONAL DEVELOPMENT

“SoTL”

Carnegie Foundation for the Advancement of Teaching and Learning  (See information below.)

http://www.carnegiefoundation.org/programs/index.asp?key=21.

This website has a collection of 15 in-depth presentations (academic thesis-type presentations) by college level professors as they recount their professional journey as they made changes in their teaching to reflect current ideas on scholarship, and teaching and learning.  Fascinating.  There are many photos of the process in action in the classroom, and thoughtful assessments of the process by the professors themselves.

http://gallery.carnegiefoundation.org/gallery_of_tl/castl_he.html
ORGANIZATIONS FOR EDUCATIONAL RESEARCH IN THE SCIENCES

National Institute for Science Education (NIST)

University of Wisconsin-Madison

1025 W. Johnson Street, Suite 753

Madison, WI 53706
http://www.wcer.wisc.edu/archive/cl1/
National Institutes of Health Office of Science Education  (NIH)

http://science.education.nih.gov/
Association for Supervision and Curriculum Development (ASCD)

They publish some of the best books on researched-based instruction.  They are primarily for K-12, but many of the materials are directly applicable to college instruction.

http://www.ascd.org/portal/site/ascd/index.jsp/
Lewis Center for Educational Research (LCER)

A private organization that founded a multi-million dollar center that trains teachers from all over the country.  Primarily for astronomy, with partnerships with Boeing, NASA, JPL, etc.  A great example of community partners.

http://www.lewiscenter.org/users/mhuffine/subprojects/Department/ls.php
JOURNALS ON EDUCATIONAL RESEARCH IN THE SCIENCES

Science Education “Among the top 10 most cited journals in education and educational research.”

http://www3.interscience.wiley.com/cgi-bin/jhome/32122
The Journal of Chemical Education. Washington, D.C.: Division of Chemical Education, American Chemical Society (Pub.). The Journal of Chemical Education is published by the Division of Chemical Education, American Chemical Society, for Chemistry educators at the high school, undergraduate, and graduate levels.  Articles include reviews of new areas of Chemistry, methods for teaching difficult concepts, discussions of learning theory, lecture demonstrations, computer programs, course outlines, and new laboratory experiments.  http://jchemed.chem.wisc.edu
Journal of Research in Science Teaching. Hoboken, NJ: John Wiley & Sons, Inc. (Pub.). The Journal of Research in Science Teaching is published by John Wiley & Sons, Inc., for the National Association for Research in Science Teaching, targeting science education researchers and practitioners.  It is more generally oriented towards science teaching than Chemistry, but is an excellent place for the publication of serious SoTL articles. http://www.wiley.com/WileyCDA/WileyTitle/productCd-TEA.html
Research in Science Education. Dordrecht, The Netherlands: Kluwer Academic Publishers (Pub.). Kluwer publishes the international journal, Research in Science Education, “for researchers, practitioners and others interested in science education. Articles are published relating to early childhood, primary, secondary, tertiary, workplace and informal learning contexts as they relate to science education.” (Kluwer, 2004c) Articles in recent issues include a significant volume of the SoTL along with teaching tips. http://www.springerlink.com/content/1573-1898
Journal of Science Education and Technology. Dordrecht, The Netherlands: Kluwer Academic Publishers (Pub.). The Journal of Science Education and Technology is published by Kluwer for the purpose of improving and enhancing science education at all levels in the United States. Its content seems to focus more on the pre-college education process, including the SoTL and teaching tips in its articles. It includes coverage of disciplinary, technological, organizational, and practical issues. http://www.springerlink.com/content/1573-1839
The Chemical Educator. Boise, ID: The Chemical Educator. The Chemical Educator is published primarily on the Web by The Chemical Educator, for college and university (two and four year) Chemistry professors. It includes a mix of the SoTL and teaching tips and opinion pieces, focusing on curriculum development. http://chemeducator.org/
International Journal of Science and Mathematics Education. Dordrecht, 

The Netherlands: Kluwer Academic Publishers (Pub.). Kluwer publishes the International Journal of Science and Mathematics Education to “address common issues in mathematics and science education and cross-curricular dimensions more widely.” (Kluwer, 2004b) It includes a number of articles on the SoTL, and focuses particularly on inter-disciplinary issues, and on support of authors whose first language is not English. http://www.springerlink.com/content/1573-1774
PORTFOLIOS / SELF-REFLECTION

Information about what a portfolio is, as well as the research behind why it is useful.  Includes information about implementing it in the classroom.  Skip the parts about connecting with Maryland Standards; the rest is still very good.

http://www.pgcps.org/~elc/portfolio.html
Huba, Mary E. & Freed, Jann E. (2000). Using Portfolios to Promote, Support, and Evaluate Learning. In: Learner-Centered Assessment on College Campuses: Shifting the Focus from Teaching to Learning. Needham Heights, MA: Allyn & Bacon, 232- 268.
McGregor, Jean. (Ed.) (1993). Learning Self-Evaluation: Fostering Reflective Learning. New Directions for Teaching and Learning, 56. San Francisco: Jossey- Bass.
Zubizarreta, John. (2004). The Learning Portfolio: Reflective Practice for Improving Student Learning. Bolton, MA: Anker. 
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