Strategies Fostering Thinking in the Science Classroom

I. Strategies to help initiate critical and creative thinking

A. Critical Thinking- reflective thinking that is focused on deciding what to believe or do.  This helps students approach things understanding their biases and try to approach things more objectively.

B. Creative Thinking- the ability to form new combinations of ideas to fulfill a need.  Ex) brainstorming, creating alternate hypothesis, thinking laterally.

C. Critical and Creative thinking are help foster these mindsets are involved in classrooms that do the following:

· Focus on active learning

· Integrate personal and social perspectives of learning

· Encourage talk, reading, and writing as a means to understand science

· Bring students in contact with real-world problem solving

II. Interactive Teaching Strategies

A. Interaction and being actively engaged in science is necessary for critical and creative thinking, and is opposed to the normal student-teacher relationship in which the student is on the receiving end of the classroom.
B. Interactive teachers

· Use advance organizers to establish interest and instructional goal

· Create a stimulating classroom environment

· Understand the art of questioning 

· Use examples to help students understand concepts

· Create a positive learning environment

· Use closure and transitional skills

1. Advance Organizers- frameworks for helping students understand what is to be learned.  Ex) A teacher asks students how they think life on earth originated before introducing a unit on evolution.

2. Stimulating Classroom Environment- some techniques include: movement- moving throughout the classroom and not just sitting in the front, gestures- complimenting verbal messages with body language is an important aspect of communication, focusing- use of verbal statements such as “Look at this chart of vertebrates” along with gestures, interaction styles- variety of interaction styles such as whole class, small group, and individual interaction styles being used, and multiple sensory channels- teachers should provide verbal, tactile, and kinesthetic experiences for students.
3. The Art of Questioning- questioning used to promote thinking.

a. Low-Inquiry Questions- promote one of the following:
· Elicit the meaning of a term

· Represent something by a word or a phrase

· Supply an example of something

· Make statements of issues, rules, conclusions, and beliefs that have previously been made

· Supply a summary or review that was previously stated

· Provide a specific, predictable answer to a question

b. High-Inquiry Questioning- promote one of the following:

· Perform an abstract operation, usually mathematical nature, such as multiplying, substituting, or simplifying
· Rate some entity as to its value, dependability, importance, or sufficiency, with a defense of the rating

· Find similarities or differences in the qualities of two or more entities utilizing criteria defined by the student

c. Helpful factors in questioning

· Wait time after question

· Wait time after the student response

· Decreasing pattern of reward and punishment delivered to students

· Pair students to discuss higher order questions and then share answers

· Use Multiple choice format and then ask students to justify their answers

· Ask all students to write down response and call on students to read their answers.

4. Using Examples to Help Students Understand Science Concepts

a. The use of examples whether used inductively or deductively is very helpful in the child’s learning experience.  Asking questions about examples that relate to the matter being studied is also very helpful.

5. Positive Learning Environment- students’ attitudes are an integral aspect of student learning.  Environment should be as follows:
· Teacher projects an image to the students that tells them “I am here to help build your character and intellect.

· Teacher conveys the notion that each and every student is unique and he or she is interested in them as a unique individual.

· Teacher conveys the idea that all students can accomplish work, can learn, and are competent.

· Teacher expects high standards of values, competence, and problem-solving ability.

· Teacher conveys, through his or her own behavior, a character of authenticity.

· Teacher conveys high ethical standards by establishing a high degree of private or semiprivate communication with the students. 

6. Closure and Making Transitions

· Draw attention to the completion of a lesson or a part of the lesson

· Make connections between previous knowledge and the new science concepts.

· Allow students the opportunity to demonstrate what they have learned.

III. Establishing a Culture of Learning:  Language and Vygotsky- basically Vygotsky thought that language and the social context were the essence of learning.

A. Talking Science- Students need to talk their ideas in the science classroom

1. Structured Controversies- Ex) Global Warming.  4 Steps are selecting a topic, preparing learning materials, structuring the controversy, and conducting the controversy in the classroom.

2. Open-Ended Question- higher order questions

3. Think-Aloud Pair Problem Solving

4. Science Talks- entire group discussing a matter or theories

5. Using Science Stories- tell stories of scientific discoveries

B. Reading Science- reading is as important to science as measuring, classifying, or observing.
1. Vocabulary Problem- too many words and not enough activities for the students to construct the meanings of the words in their minds.

2. Reading for Meaning and Understanding- teachers must employ strategies of actively engaging their students in comparing what they know already with the new material.

3. Semantic Mapping- structuring new information in graphic form.  They can be used for vocabulary building, pre and post-reading strategies, and as a study skill.

C. Writing Science- helps students reconstruct ideas they’ve learned.

1. Writing to Learn- should help: growth of understanding of science concepts, provide record of concepts and activities that can be used for revision later, provide feedback to the teacher on the growth of students, and develop students’ ability to communicate.

a. Some forms of this writing could include web writing, science logs, letter writing, science newspapers, and story writing.

IV. Strategies That Foster Independent and Collaborative Thinking

A. Problem Solving- focusing on science thinking skills in the science curriculum is clearly one way of helping students become independent thinkers and problem solvers.

B. Cognitive/Constructivist Approach:  Integrating Process and Content- integrating science thinking skills with the learning of concepts.

C. Project Based Teaching and Science  Fairs- causes for high-level thinking.

