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How do the ‘new’ graduation requirements impact science education in Kentucky?

In 2006 the Kentucky Board of Education changed the graduation requirements for public schools beginning with the class of 2012. This change will impact incoming freshmen and all subsequent classes beginning this fall. The result of this change that most directly impacts science teachers is the addition of language regarding lab-based investigation experiences. A portion of the Kentucky Revised Statute is reproduced below:

704 KAR 3:305. Minimum requirements for high school graduation.
Section 2. Beginning with the graduating class of 2012, each student in a common school shall have a total of at least twenty-two (22) credits for high school graduation. Those credits shall include the content standards as provided in the program of studies, 704 KAR 3:303. Additional standards-based learning experiences shall align to the student’s individual learning plan and shall consist of standards-based content. The required credits and demonstrated competencies shall include the following minimum requirements:
      (4) Science - three (3) credits that shall incorporate lab-based scientific investigation experiences and include the content strands of biological science, physical science, earth and space science, and unifying concepts

This change should be interpreted to mean that a lab-based investigation component must be included in EVERY required science course. To ’investigate’ as defined by Kentucky’s Program of Studies (POS) means:

“compile a variety of information through hands-on experiences (utilizing process skills such as measuring, observing, questioning, classifying, predicting and inferring) and/or consult a variety of print and non-print media in order to formulate conclusions and/or gather evidence/data.”

Students must also be given the opportunity to learn the concepts included in all four content strands of the Science POS (biological science, earth and space science, physical science and unifying ideas). Decisions of how these concepts are distributed within the three required courses are made at the school or district level.

Teachers may question what is really meant by “lab-based scientific investigation experiences”. In 2006 the National Research Council (NRC) released a study entitled America’s Lab Report, which detailed a description of lab-based investigation that Kentucky has based our expectation upon. 

“Laboratory investigations in the middle and high school classroom should help all students develop a growing understanding of the complexity and ambiguity of empirical work, as well as the skills to calibrate and troubleshoot equipment used to make observations. Learners should understand measurement error; and have the skills to aggregate, interpret, and present the resulting data” (NRC 2006, p. 77). 

The National Science Teachers Association has issued a position statement regarding the appropriate frequency of lab-based investigations in the middle and high school classroom. According to NSTA, “With the expectation of science instruction every day, all middle level students should have multiple opportunities every week to explore science labs as defined in the Introduction. At the high school level, all students should be in the science lab or field, collecting data every week while exploring science labs.” 

To read the full text of the NSTA position statement: The Integral Role of Laboratory Investigations in Science Instruction, go to
http://www.nsta.org/about/positions/laboratory.aspx
Given this new requirement, what do high school teachers really need to know in order to effectively implement lab-based investigations in their classrooms? 
So high school graduation requirements specifically The Program of Studies for high school science also makes it clear that science instruction must contain a component of inquiry-based and experiential learning. The introduction to the POS for high school specifically states: 

The science program in high school should provide opportunities for students to think and work like scientists. Applying factual knowledge in real-world scientific contexts allows students to refine the abilities that are the basis of scientific inquiry. These abilities include: (1) identifying questions and concepts that guide scientific investigations, (2) designing and conducting scientific investigations, (3) using technology and mathematics to improve investigations and communications, (4) formulating and revising scientific explanations and models using logic and evidence, (5) recognizing and analyzing alternative explanations and models and (6) communicating and defending a scientific argument.

Students should have opportunities to work individually and in groups of varying size and composition in order to conduct investigations, process information and discuss/debate important scientific concepts. Students must have regular opportunities to share their ideas with others and to test questions they generate as a result of their learning experiences.

In our technologically advanced society, information gathering must extend beyond the classroom walls and must involve a variety of credible sources. Scientists also place a high value on accurate record keeping and open communication of findings. The science classroom should mirror this by emphasizing multiple, varied and consistent methods of documenting and communicating learning.
The Program of Studies and our state statute both include requirements for lab-based scientific investigations.  In our classrooms we should be using scientific inquiry to teach science in all disciplines.  While hands-on experiences in the science classroom are critical, they are only one part of a larger ideal. True inquiry teaching involves more than just experiences; inquiry is a thinking process as well.

What is inquiry?

“Scientific inquiry refers to the diverse ways in which scientists study the natural world and propose explanations based on the evidence derived from their work. Inquiry also refers to the activities of students in which they develop knowledge and understanding of scientific ideas, as well as an understanding of how scientists study the natural world.”

National Science Education Standards (p. 23)





How do I implement inquiry in my classroom?

Knowledge cannot spring from experience alone, but only from comparisons of the inventions of mind with observed fact.








(Albert Einstein)
Reflect back to many of the science labs you did in high school and in college. Did you have no real control over or intellectual investment in any of them? Were they mostly ‘cookbook labs’ where you worked through a set of rigidly outlined procedures to prove something you already knew? Did you have no input on the design of the experiment or even the reason you were doing it?  If your answer to these questions was ‘yes’ then you did not experience true inquiry-based learning. You performed hands-on labs but had no real intellectual involvement in them: your hands were working much harder than your head. 

Inquiry learning revolves around the idea that the person doing the work is the person doing the learning, and that school shouldn’t be a place where kids go to watch teachers work. In inquiry-based classrooms students make important decisions all though the investigative process and are deeply involved in what and how they learn.

There is a continuum of classroom inquiry. Not every daily lesson can be a true open inquiry activity, of course, but a careful examination of every lesson can help find opportunities to be more inquiry-based. A good step toward becoming an inquiry-based teacher is to locate your current practices on an inquiry continuum, then modify them to move toward greater student responsibility.

A Simple Inquiry Continuum

 (compiled from a variety of sources)

	
	Demonstration
	Activity

(“cookbook”)
	Guided inquiry
	Open inquiry

	Topic
	Teacher generated
	Teacher generated
	Teacher generated
	Student generated

	Investigative question
	N/A
	Teacher generated
	Teacher, with some latitude
	Student generated

	Procedure
	Teacher generated
	Teacher generated
	Student generated
	Student generated

	Reporting format
	N/A
	Teacher generated
	Student generated
	Student generated

	Materials
	Provided
	Provided
	Suggested
	Suggested

	Student role
	Observer
	Follow directions
	Solve problem
	Researcher



A more sophisticated poster version of the Inquiry Continuum may be downloaded from http://www.seattlescience.com/Inquiry-Continuum-Poster.pdf
In a demonstration, the teacher is in complete control of all factors while the students are observers. The teacher might say, “Watch me while I show you this.” The goals of a demonstration are to:

· expose students to a phenomenon

· engage student interest (often through a discrepant event)

· build background knowledge

During an activity, students are given the opportunity to actually work with materials and set up the circumstance through which they observe a phenomenon, but the teacher regulates the majority of the factors involved. The teacher might say, “Follow these directions exactly and let’s see if you get the correct results.” The goals of an activity are to:

· guide students toward a specific discovery

· prove a known concept

· verify an existing idea

· introduce specific skills and techniques

Guided inquiry allows students to take control of the methods, materials, format and (to a certain extent) the investigative question. While the teacher sets the basic parameters of the topic, students are free to design their own experimental set-up and to report the results in a way they determine is best. The teacher might ask, “What might you do to investigate how this really occurs?” The goals of guided inquiry are to:

· allow students to generate testable questions

· allow students to apply concepts in a real-world way

· think and work as scientists

· challenge students to apply science process skills

Open inquiry is similar to structured inquiry except that the topic selection isn’t constrained to a specific subject area (or core content standard in the case of a Kentucky classroom). The role of the teacher is truly as a facilitator as students grapple with real-world research problems of their own choosing. The students formulate their own problems, the methods they use to investigate them and the methods used to analyze and report the results. The teacher might say, “What are you really interesting in investigating?” The goals of open inquiry are to:

· encourage student autonomy

· allow students to control all parameters of their investigations

· make sophisticated decisions about data

In a standards-based classroom, true open inquiry is a difficult goal because certain standards are required to be addressed both by the POS and by the realities of CATS testing. Guided inquiry, however, still allows teachers to select general topics with an eye to our standards and yet still allow students to choose specific aspects of those topics to investigate. 

For example, consider this excerpt from the High School Combined Curriculum Document for the big idea of Biological Change:

	SC-H-BC-U-2

Students will understand that the Earth’s present-day species developed from earlier, distinctly different species through a process of natural selection. All living things share a common genetic heritage.
	SC-H-BC-S-1

Students will identify evidence of change in species using fossils, DNA sequences, anatomical similarities, physiological similarities and embryology
	SC-HS-3.5.1

Students will:

· predict the impact on species of changes to 1) the potential for a species to increase its numbers, (2) the genetic variability of offspring due to mutation and recombination of genes, (3) a finite supply of the resources required for life, or (4) natural selection;

· propose solutions to real-world problems of endangered and extinct species.


A high school student learning about biological change could choose a variety of investigative questions that address these standards. Using these links you can access great inquiry activities for this content.

In this computer based activity from PBS students are given opportunity to explore a real scientist’s research on the influence of natural selection on sexual selection in guppies.  Students can then do research based on their own questions about the research using computer simulations.
http://www.pbs.org/wgbh/evolution/educators/lessons/lesson4/act2.html 

In this research based activity students study the three lizard populations on the Canary Islands. It is designed for high school biology students. Students must determine phylogenetic solutions using only geographical and geological data. Then, students compare the morphology of the species involved, arriving at a more traditional solution to phylogeny. 
http://www.ucmp.berkeley.edu/fosrec/Filson.html
Other questions to be explored:

· Is cloning the answer to extinct and or endangered species? 
· Does genetic variability lead to an increase in survivorship? 
· Does DNA sequencing support a common genetic heritage? 
Moving toward a more inquiry-based classroom

In his book Inquire Within, Douglas Llewellyn offers four suggestions for transforming ‘cookbook’ activities into true inquiry opportunities. Teachers can begin to move away from rigidly structured activities by making one or more of these suggested modifications. It might be less stressful for teachers used to traditional lab structures to start with only one of these modifications. As their comfort level increases they can begin incorporating more (and eventually all) of Llewellyn’s suggestions.

1. Add an inquiry extension (or question) at the end of a traditional activity. After performing a traditional lab, encourage students to use the conclusions and/or procedures as a springboard to further investigation. Students should think about ways to transfer what they’ve learned to new but related situations.

2. Remove any predetermined results sections such as data tables or graphs. Let students determine how best to organize and represent their results.

3. Remove any step-by-step description of how to perform the experimental procedures. Let students design the method of investigation themselves.

4. Remove any predetermined investigative starter questions. Give students the opportunity to brainstorm their own investigative questions. 

A common fear among teachers is that giving up control of any aspect of the learning means giving up control of their classroom. Nothing could be further from the truth: as the teacher you still absolutely retain the right to expect certain standards of behavior and safety. In fact, successful inquiry-based classrooms demand that students comply with a well-established set of classroom procedures in order to ensure that learning occurs and safety isn’t compromised.

Inquiry isn’t a synonym for chaos; the teacher retains the right to approve investigative questions, lab procedures and techniques, materials choices and any other factors in order to maintain a safe and orderly classroom. Teachers can have very clear expectations of student behavior and safety that still provide an environment where inquiry can flourish.

Where can I learn more about inquiry in the classroom?

The Annenberg Foundation has an online video workshop on Learning Science Through Inquiry which consists of eight one-hour video lessons. This workshop shows inquiry teaching and learning in action, with real teachers and students in real classrooms. This workshop would be a great experience for science teacher teams working in professional learning communities.

http://www.learner.org/resources/series129.html
The Exploratorium’s Institute for Inquiry workshops give teachers a thorough grounding in the pedagogy and practice of science inquiry. Participants examine different ways of teaching hands-on science, explore the process skills of inquiry, engage in a full scientific inquiry, and consider ways to include inquiry in their own classrooms. Facilitator’s guides are free to download at http://www.exploratorium.edu/ifi/workshops/fundamentals/index.html
Materials World Modules has an interesting description of the Inquiry Continuum on their website at http://www.materialsworldmodules.org/pedagogy/inquiry_continuum.shtml
Inquiry and the National Science Education Standards is perhaps the most widely-referenced work on inquiry in the science classroom. It can be read online for free from the National Academies website at http://www.nap.edu/catalog.php?record_id=9596#toc
How Students Learn: Science in the Classroom contains several vignettes detailing the interactions between teachers and students as they engage in classroom inquiry. It can be read online for free at http://www.nap.edu/openbook.php?record_id=11102&page=29
The Council of State Science Supervisors has developed an inquiry rubric for evaluating classroom instruction. http://www.nlistinquiryscience.com/documents/InstructionR.pdf 

A rubric for evaluating instructional materials is also available. http://www.nlistinquiryscience.com/documents/MaterialsR.pdf
What do I need to know about Lab-Based Activities and Lab Safety?

As stated above a lab-based component must be included in every required science class we teach.   With increased lab-based activities there are opportunities for lab accidents.  We may wonder as teachers what our liabilities would be if an accident should occur in our classroom.  The courts have established that negligence may occur if teachers or school administrators’ conduct falls below a standard of care established by law or profession.

As defined by U.S. courts today, “negligence” is conduct that falls below a standard of care established by law or profession to protect others from an unreasonable risk of harm, or the failure to exercise due care to protect others from an unreasonable risk of harm. Science teachers and their supervisors have three basic duties. Failure to perform any of these could result in a legal finding that a teacher or a school administrator (or both) is liable for damages and a judgment and award against that teacher or school administrator (Council of Chief State Science Supervisors, no date, p. 2):

1. The duty of instruction. Teachers must instruct students prior to any laboratory activity, providing accurate, appropriate information about foreseeable dangers; identifying and clarifying any specific risks; explaining proper procedures/techniques; and describing appropriate behavior in the lab. These instructions must follow professional and district guidelines.

2. The duty of supervision. This includes not tolerating misbehavior, providing greater supervision in more dangerous situations, providing greater supervision to younger students and those with special needs, and never leaving students unattended.
3. The duty of maintenance. This requires that the teacher never use defective equipment, file written reports for maintenance or correction of hazardous conditions or defective equipment, establish regular inspections of safety equipment and procedures, and follow all guidelines for handling and disposing of chemicals.                                                                                         
America's Lab Report: Investigations in High School Science (2005)
Where can I learn more about science laboratory safety?

One of the best resources we have access to for safe science classrooms is the Flinn Scientific website, specifically their safety pages. You will find on the Flinn website links to a myriad of resources for safe science lab instruction. 
http://www.flinnsci.com/Sections/Safety/safety.asp  

This site from SciLinks includes several articles about safety in the science classroom.  The article “Habits of Mind for the Science Laboratory” from The Science Teacher includes a list of Laboratory Safety rules, a list of questions about the activity to consider as a teacher before selecting a lab to do in your classroom, laboratory safety contract, a list of helpful hints to conduct a lab without incidence and a sample of a prelab quiz to assure your students are ready to complete the lab safely.  

http://www.scilinks.org/retrieve_outside.asp?sl=9263565510661033
The University of Nebraska-Lincoln has created an informational website to instruct students on proper lab safety behaviors. The pages of this site can be viewed in sequence as an online tutorial. http://www.chem.unl.edu/safety/hslabcon.html 

One of the most common questions asked is “Which chemicals should we not have in our school?” The answers to this and many other questions may be found in the School Chemistry Laboratory Safety Guide published by The National Institute for Occupational Safety and Health (NIOSH). The guide presents information about ordering, using, storing, and maintaining chemi​cals in the high school laboratory. The guide also provides information about chemical waste, safety and emergency equipment, assessing chemical hazards, common safety symbols and signs, and fundamental resources relating to chemical safety, such as Mate​rial Safety Data Sheets and Chemical Hygiene Plans, to help create a safe environment for learning. In addition, checklists are provided for both teachers and students that highlight important information for working in the laboratory and identify hazards and safe work procedures. The guide can be downloaded from http://www.cpsc.gov/CPSCPUB/PUBS/NIOSH2007107.pdf
An excerpt from this guide describing the responsibilities of teachers is reproduced below.

U.S. Consumer Product Safety Commission

DEPARTMENT OF HEALTH AND HUMAN SERVICES

Centers for Disease Control and Prevention

National Institute for Occupational Safety and Health

This document may be copied freely, part of public domain.
What Are the Teacher’s Responsibilities?
· Teachers and teacher-aides should lead by example and wear personal protec​tive equipment; follow and enforce safety rules, procedures, and practices; and demonstrate safety behavior and promote a culture of safety. They should be proactive in every aspect of laboratory safety, making safety a priority. The fol​lowing is a checklist for teachers highlighting essential information for working in the high school laboratory. This is a general safety checklist and should be periodically re-evaluated for updates.

Upkeep of Laboratory and Equipment
· Conduct regular inspections of safety and first aid equipment as often as requested by the administration. Record the inspection date and the inspector’s initials on the attached equipment inspection tag.

· Notify the administration in writing if a hazardous or possibly hazardous condition (e.g., malfunctioning safety equipment or chemical hazard) is identified in the laboratory and follow through on the status.

· Never use defective equipment.

Recordkeeping
· Keep organized records on safety training of staff for as long as required by the school system.

· Keep records of all laboratory incidents for as long as required by the school system.

Safety and Emergency Procedures 
· Educate students on the location and use of all safety and emergency equipment prior to laboratory activity.

· Identify safety procedures to follow in the event of an emergency/accident.

· Provide students with verbal and written safety procedures to follow in the event of an emergency/accident.

· Know the location of and how to use the cut-off switches and valves for the water, gas, and electricity in the laboratory. 

· Know the location of and how to use all safety and emergency equipment (i.e., safety shower, eyewash, first-aid kit, fire blanket, fire extinguishers and mercury spill kits).

· Keep a list of emergency phone numbers near the phone.

· Conduct appropriate safety and evacuation drills on a regular basis.

· Explain in detail to students the consequences of violating safety rules and procedures.

Maintenance of Chemicals
· Perform regular inventory inspections of chemicals.

· Update the chemical inventory at least annually, or as requested by the administration.

· Provide a copy of the chemical inventory to the local emergency respond​ers (i.e., fire department).

· Do not store food and drink with any chemicals.

· If possible, keep all chemicals in their original containers.

· Make sure all chemicals and reagents are labeled.

· Do not store chemicals on the lab bench, on the floor, or in the laboratory chemical hood.

· Ensure chemicals not in use are stored in a locked facility with limited access.

· Know the storage, handling, and disposal requirements for each chemical used.

· Make certain chemicals are disposed of properly. Consult the label and the Material Safety Data Sheet for disposal information and always follow appropriate chemical disposal regulations.

Preparing for Laboratory Activities
· Before each activity in the laboratory, weigh the potential risk factors against the educational value.

· Have an understanding of all the potential hazards of the materials, the process, and the equipment involved in every laboratory activity.

· Inspect all equipment/apparatus in the laboratory before use.

· Before entering the laboratory, instruct students on all laboratory proce​dures that will be conducted.

· Discuss all safety concerns and potential hazards related to the laboratory work that students will be performing before starting the work. Docu​ment in lesson plan book. 

Ensuring Appropriate Laboratory Conduct
· Be a model for good safety conduct for students to follow.

· Make sure students are wearing the appropriate personal protective equipment (i.e., chemical splash goggles, laboratory aprons or coats, and gloves).

· Enforce all safety rules and procedures at all times.

· Never leave students unsupervised in the laboratory.

· Never allow unauthorized visitors to enter the laboratory.

· Never allow students to take chemicals out of the laboratory.

· Never permit smoking, food, beverages, or gum in the laboratory.

Due to the necessity of investigations in our science classrooms, teachers and students need to be aware of lab safety requirements and procedures.  A classroom environment of safety first should be adopted by every science teacher.  Before conducting any lab – based activity students should be instructed in lab safety and lab safety rules.  Students can be given a lab safety contract to document evidence of this instruction.  Safety procedures must be included in the instruction for any lab conducted in your classroom. Teachers should also model safe lab practices for each activity.  Safety is a priority while fulfilling our obligation to include lab-based instruction in all required science classes. 

Please send comments and suggestions about this newsletter to: suzann.shaver@education.ky.gov
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