



Part II
Instructional Strategies

· The Nature of Science

· Teaching Science Through Inquiry
· 10 Instructional Strategies to Use All Year and to Prepare Students to Take the CAPT

The Nature of Science 

Over the course of human history, people have developed many interconnected and validated ideas about the physical, biological and social worlds.  Those ideas have enabled successive generations to achieve an increasingly comprehensive and reliable understanding of the human species and its environment.  The means used to develop these ideas are particular ways of observing, thinking, experimenting and validating.  These ways represent a fundamental aspect of the nature of science and reflect how science tends to differ from other modes of knowing. (American Association for the Advancement of Science, Benchmarks for Scientific Literacy, Oxford University Press, 1993, p. 3).
When asking science teachers what is it that they teach, it is not uncommon for the response to be a list of content topics such as electricity, plants or weather.  Most teachers know that science instruction is much more than a presentation of topics; that it includes “the ability to inquire, the capacity to use scientific principles to make decisions and the ability to communicate effectively about science”(National Research Council, National Science Education Standards, 1996). The CAPT assesses science literacy by asking students to apply their knowledge of science content and scientific principles.

Instructional strategies and student preparation are discussed in this section of the handbook to provide guidelines to science coordinators, district administrators and teachers to assist in the improvement of students’ knowledge of science content and principles and to prepare students for the CAPT.
Teaching Science through Inquiry
The role of inquiry in science instruction is not clearly understood by many classroom teachers.  In 1996, the National Science Education Standards (NSES) were published by the National Research Council (NRC).  According to the National Science Education Standards (NRC, 1996) the role of inquiry in science instruction is as follows:

Students in all grade levels and in every domain of science should have the opportunity to use scientific inquiry and develop the ability to think and act in ways associated with inquiry including asking questions, planning and conducting investigations, using appropriate tools and techniques to gather data, thinking critically and logically about the relationships between evidence and explanations, constructing and analyzing alternative explanations, and communicating scientific arguments (NRC, 1996, p.105).
A question often asked at workshops about inquiry activities is, “How do I include inquiry activities in instruction when they are time-consuming and there is so much content to cover?”  The answer involves the construction of a well crafted curriculum aligned to the Connecticut Science Framework that provides frequent opportunities of varying length and complexity to develop the inquiry skills in all students.  By rethinking and redesigning present labs and activities, students can begin to understand science content and become independent problem solvers by formulating their own questions, planning and conducting investigations, collecting and analyzing data and communicating scientific arguments.

Analysis of an Inquiry Activity

There is no one correct model for designing an inquiry based activity. Anytime the classroom teacher provides an opportunity for the student to practice and develop the skills specified in the D Inquiry Skills portion of the Connecticut Science Framework the students are “doing inquiry.” The degree and extent to which any given laboratory investigation or Science, Technology and Society (STS) activity is considered an “inquiry activity” depends largely where it falls on the “inquiry spectrum.” A lesson in which the teacher controls the question, problem and investigation is likely a structured inquiry.  When the student acts as an active investigator, then the lesson moves further along the inquiry spectrum.  

That doesn’t mean that every investigation or learning activity should be placed solely on the shoulders of the learner.  A range of inquiry activities is both the most realistic and beneficial delivery of instruction for all students.  The role of the teacher is to decide what lessons are best delivered through some level of inquiry and what lessons are best delivered through direct instruction.
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10 Instructional Strategies to Use All Year 
and to Prepare Students for the CAPT
Traditional instruction has a well-established order.  “Information comes first, followed by questioning to determine student understanding, and ending with some sort of problem-solving activity.  While this approach is very systematic and easy for teachers to manage, it does not reflect the kind of learning which takes place in the real world” (Shelagh Gallagher, Problem-Based Learning, Center for Gifted Education, College of William and Mary, 1995). Inquiry-based instruction is much more than merely presenting a hands-on lesson. Some questions that teachers may want to consider include: Does your activity promote or confine thinking?   Does this activity define every step and procedure?   Does this lesson give the students an opportunity to think for themselves?  Can you try a different approach?  Present the problem without the specific steps and have your students explain the steps they would follow to find the solution.  Do not include a data table but have the students design and explain the resolution to the question or problem based upon their own experiment and data.

Opportunities to work in groups encourage students to share responsibility for learning.  Students develop approaches and explanations, exchange information, talk and listen, argue and persuade.  They learn to order their thoughts and compare their own thinking processes with those of their peers.  Students also become involved in tutoring and encouraging each other.  When students work in groups, it is essential that the teacher ensure that each member of the group contribute to the learning. 

Strategy 1. Create a Climate for Learning
Every teacher must provide a climate that emphasizes that all children can learn.  A climate for learning is one that recognizes and addresses the needs of all learners.  Teachers must also ensure the classroom environment is one where all students feel safe physically and emotionally.

A positive classroom environment fosters creative thinking, problem solving, and academic risk- taking.   Teachers must promote the formation, exploration and validity of different strategies to solve scientific problems.  
Strategy 2. Assess Prior Knowledge 
Students often come to science classes with ways of understanding the world that are very different from the scientifically accepted view (called misconceptions or alternative frameworks).  Many times a laboratory investigation is used to re-emphasize a concept that has already been introduced or mastered in the learning process.  An effective demonstration or laboratory activity may actually uncover misconceptions and lead the students to new questions. Consider using a laboratory investigation to launch students into situations that challenge their misunderstandings. Think about how a laboratory activity or demonstration may assess prior knowledge and set the stage for new learning. Research has shown that students cannot make sense of science instruction if misconceptions block their understanding.  Students and teachers often are unaware that these discrepancies exist.  In order for a conceptual change to occur, teachers must become aware of students’ misconceptions and plan activities that are designed to correct them.  For instance, students may believe that substances only move from solid to liquid phase (melt) when temperature increases.
Strategy 3. Practice Effective Questioning Techniques
Engage students regularly in thinking about science through the use of questioning techniques.  Questioning is an effective strategy to move classroom instruction from teacher centered to student centered.  A simple “What do you think about that? “or “Can you tell me more?”

form the basis of a curriculum that goes beyond merely searching for the correct answer.  A student who can explain his or her answer often has a stronger understanding of the science and can help other students develop understanding.  Questions that ask students to use evidence to support their answers provide opportunities for students to communicate their understanding and for teachers to assess the degree of that understanding.  Use engaging, guiding questions to capture student interest and facilitate learning in the content area.
Strategy 4.  Vary the Structure of Lessons
Teachers must ensure a variety of learning opportunities for students to develop an understanding of content and scientific communication and inquiry skills. The structure of any investigation should be considered before it is assigned.  Is the total investigation structured by the teacher from the safety procedures to the analysis questions?  Does the student take ownership as investigator for the identification and design of some or all of components of the investigation? Traditional laboratory investigations include a well-defined problem or question for the student to answer. This method may be appropriate for foundational skill building or learning in a particular context.  It is important for the development of higher level problem solving and thinking skills that students be given opportunities to formulate their own questions both in the laboratory setting and the research project setting.    By allowing the student to construct part or all of the investigation the teacher may emphasize and assess a particular inquiry expected performance or a series of inquiry expected performances. As a starting point, students may be given the procedures for the activity while being required to decide what kind of data table or chart they will use to record the information.  Ultimately, students can be given the problem without the specific procedures and determine the procedures and tables prior to doing the activity.   Students should have multiple and varied experiences with inquiry based instruction. 
Strategy 5.  Vary the Way Students Work
Most scientists do not work in isolation; they work in teams or groups.  It is important, therefore, to structure the classroom so that students have opportunities to work in groups or teams.  This will provide a more authentic scientific experience in the K-12 classroom.  Opportunities to work in groups encourage students to share responsibility for learning.  Students develop approaches and explanations, exchange information, talk and listen, argue and persuade.  They learn to order their thoughts and compare their own thinking processes with those of their peers.  Students also become involved in tutoring and encouraging each other.  When students work in groups, they all have a chance to be successful and everyone’s effort contributes to the group’s results.

Individual assignments may serve two purposes: individual accountability and individual feedback.  By requiring individual lab write-ups, each student is held accountable for doing his or her own work.  It allows each student to incorporate new ideas into his or her own understanding that may not reflect that of the team or group.  Individual work allows the teacher to assess the understanding of each student and adjust instruction accordingly.  Assignments other than laboratory reports that are the responsibility of the individual allow for choice in the particular area of research and delivery of evidence of student understanding.  These assignments may be given under a teacher controlled topic/question or under a broader theme whereby the direction of learning is controlled by the student.
Strategy 6.  Use Warm Up Activities

Use a warm up question or problem everyday to allow students an opportunity to demonstrate their understanding of a particular content or inquiry standard. The problem may be posted for students to do as they come into class. These problems may serve as an ongoing review and reinforcement of scientific content, inquiry and communication skills. For example a graph may be displayed for students to analyze or a table of data may be displayed for students to graph and draw a conclusion.

Strategy 7. Create and Embed Science, Technology and Society (STS) Activities
Science, Technology and Society (STS) learning activities are designed to engage students in the applications of science through the use of their critical thinking skills and content knowledge.  They afford students the opportunity to examine ideas and data related to historical, technological and/or social aspects of science concepts and content.  In an STS activity the student has a chance to analyze, evaluate and draw conclusions about scientific research or information gathered by sources outside of their classroom.  A strong STS activity demonstrates the valuable role science plays in everyday life. Use authentic sources of information including media clips, newspapers, magazines and advertisements as vehicles to practice reading and writing, assess prior knowledge or as a springboard for students to generate questions about the text and the corresponding content.  A contemporary issue without one obvious correct answer often provides a wonderful context for an STS activity.  The use of contemporary issues in science may also provide daily embedded learning opportunities that allow for continuing growth in reading, writing, listening and presenting.
Strategy 8.  Strengthen Comprehension for Content Area Text

       Students must use appropriate self-selected strategies to assist with their understanding of content area text.  Prior to engaging with a text, students must examine headings, subheadings, bold/italic embedded words, captions, graphs, charts, and pictures that may accompany the text in an effort to activate prior knowledge, generate predictions, and establish connections and purposes for reading the text.  During reading, students must question and be able to answer their questions (e.g. What is my understanding about my reading?  How does the new information I am learning relate to what I already know?  Why is the author including these specific words?  Is there an underlying message the author is trying to communicate?  From what perspective is the author coming?  How is the information relevant to the authors’ purpose?  What is the most important aspect of what I am learning and why is it important?  What additional questions do I have about what I am reading?).  During reading, students may use varied strategies to assist them with understanding difficult text (e.g. re-reading portions;  re-examining the accompanying charts, graphs, and pictures; re-examining vocabulary;  asking another for clarification; using Post-it Notes with their questioning and answering).  After reading, students must be asked to respond to the text in varied ways appropriate to the task (e.g. open-ended verbal and written questions posed by the teacher, other students, and themselves).  Students must support all responses, verbal and written, with specific evidence from the text.  Teachers must sustain the habit of requiring students to look back in the text for specific evidence. The goal is to move students toward independence about how to learn regardless of the content area.  Teachers must support the process by which students use appropriate self-selected strategies to assist with their understanding of content area text.
Strategy 9.  Common Assessments Within and Across All Disciplines
Educators must develop common assessment tools for all courses within the content area.  Consistent and rigorous performance opportunities communicate clear expectations for all students regardless of the teacher or the course section.  Common and varied formative and summative assessment tools such as school-wide rubrics allow teachers to identify student strengths as well as areas in need of improvement within and across the content disciplines.  Teachers must analyze and share student work to monitor and adjust instruction on a regular basis. The use of common assessment tools, both formative and summative, must serve as an important tool to focus teachers on processes, skills and gaps in student understanding that are addressed through re-teaching and re-assessment.  

Strategy 10.  Allow Opportunities for Peer Review

Teachers must provide regular opportunities for students to review the work of their peers and provide feedback. These experiences parallel the questions used to assess the inquiry and communication skills on the CAPT.  The CAPT science assessment frequently asks students to evaluate the quality of a laboratory procedure or assess the validity of students’ data/conclusions.  The scientific inquiry and communication skills of all students improve when given regular experiences to analyze the work of their peers and to provide appropriate feedback. The use of common assessment tools by the students in the peer review process allows students to identify their own areas strengths and weaknesses in the content area in addition to the strengths and weaknesses of their peers. Such collaborative initiatives naturally invite students to revise their work based on peer observations and ultimately improve their understanding and performance.

Helping Students

Teachers are the best judges of the type and level of assistance students need. The Connecticut Mastery Test (CMT) and Connecticut Academic Performance Test (CAPT) provide useful information to support those judgments.  Optimum learning occurs if data is used wisely when teachers create learning environments in which:

· there is respect for all students;

· there are expectations that all students can be highly successful;

· challenging content is taught;

· opportunities to reason and solve problems together are integral parts of the daily learning experience for all students;

· learning is made active, exciting and applicable to real-life experiences; and

· both teachers and students are actively engaged in exploring thought-provoking ideas.

To help your students learn science better, teachers can:

· ensure that students have opportunities to learn and explore life, earth and physical sciences each year of their K-12 school experience; 
· regularly incorporate laboratory experiences that require them both to use scientific equipment and think critically about scientific concepts; 

· regularly incorporate STS activities which require students to think critically and apply their content knowledge to authentic situations; and

· develop and use common formative and summative assessment tools for the evaluation of student work

Generally, to help students learn better, teachers are encouraged to enlist:

· parents to regularly monitor and discuss their youngsters’ school work; 
· colleagues to develop significant interdisciplinary experiences for students; and
· colleagues to examine student work as evidence of the teaching-learning cycle with a focus on improving instruction.

There is no “quick fix” for helping students meet the CAPT goal standard in science.  Students will perform well on the CAPT when their science experiences from kindergarten through high school incorporate the scientific inquiry skills and content from the Connecticut Science Framework.
                                           The Inquiry Spectrum











PAGE  
21

