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List of Materials Needed:

Exploration:

Each group will need the following:

· 12 black or brown planaria (playthelmenthis, flat worms) 
· 2- 4” Petri dish, 1 with half of the bottom painted black, 1 painted all black with a line drawn down the middle
· Clean spring or pond water
· Light source (strong overhead lights are sufficient)
Authentic Assessment:

Each group will need the following:

· 2-3 black or brown planaria (playthelmenthis, flat worms) 
· 1 – 4” Petri dish with clean pond water

· Pin light

· Probe

· 1 small piece of chicken or beef liver
Activity Time Frame:
This activity may take approximately two, 50-minute sessions.

Environmental Settings:
This activity will be conducted in a typical classroom. 
Pass Standards:

Science Processes and Inquiry:  Biology

Process Standard 1. Observe and Measure - 

1. Identify qualitative and quantitative changes in cells, organisms, populations, and

ecosystems given conditions (e.g., temperature, mass, volume, time, position, length,

quantity) before, during, and after an event.

Process Standard 3: Experiment - 

1. Evaluate the design of a biology laboratory investigation.

2. Identify the independent variables, dependent variables, and controls in an investigation.

3. Use mathematics to show relationships within a given set of observations (e.g.,

population studies, biomass, probability).

4. Identify a hypothesis for a given problem in biology investigations.

5. Recognize potential hazards and practice safety procedures in all biology activities.

Process Standard 4: Interpret and Communicate - 

1. Select appropriate predictions based on previously observed patterns of evidence.  

*2. Report data in an appropriate manner.  

3. Interpret data tables, line, bar, trend, and/or circle graphs.  

4. Accept or reject hypotheses when given results of a biological investigation.  

5. Evaluate experimental data to draw the most logical conclusion.  

*6. Prepare a written report describing the sequence, results, and interpretation of a

biological investigation or event.  

*7. Communicate or defend scientific thinking that results in conclusions.  

8. Identify and/or create an appropriate graph or chart from collected data, tables, or

written description (e.g., population studies, plant growth, heart rate).  

Process Standard 5: Model - 

1. Interpret a biological model which explains a given set of observations.

2. Select predictions based on models such as pedigrees, life cycles, energy pyramids.

*3. Compare a given model to the living world.

Process Standard 6. Inquiry - 

*1. Formulate a testable hypothesis and design an appropriate experiment relating to the

living world.

*2. Design and conduct biological investigations in which variables are identified and

controlled.

*4. Inquiries should lead to the formulation of explanations or models (physical,

conceptual, and mathematical). In answering questions, students should engage in

discussions (based on scientific knowledge, the use of logic, and evidence from the

investigation) and arguments that encourage the revision of their explanations,

leading to further inquiry.

Standard 3: Biological Diversity - 

2. Species acquire many of their unique characteristics through biological adaptation,

which involves the selection of naturally occurring variations in populations.

Biological adaptations include changes in structures, behaviors, or physiology, which

may enhance or limit the survival and reproductive success in a particular

environment.

Standard 6: The Behavior of Organisms - 

1. Specialized cells enable organisms to monitor what is going on in the world around them (e.g., detect light, sound, specific chemicals, gravity, plant tropism, sense organs, homeostasis).

2. Responses to external stimuli can result from interactions with the organism’s own

species and others, as well as environmental changes; these responses either can be

innate or learned. Broad patterns of behavior exhibited by animals have changed over

time to ensure reproductive success.

Lesson Objective:
·  Identify the basic scientific method steps.
· Identify variables and controls in an experiment.

· Design and interpret a bar graph.
· Demonstrate understanding that although the steps may be termed different, they basic idea of scientific method is the same.
· Demonstrate understanding that scientist use a version of scientific method for real life investigations.
· Design a scientific inquiry with appropriate variables and controls.
· Communicate results to a group.
Vocabulary Terms: 
Dependent variable: the factor that changes as a result of changes to the manipulated (or independent) variable in an experiment; graphed on the y-axis on a graph.

Independent variable: The factor/value altered by the experimenter during the scientific investigation; graphed on the x-axis on a graph

Standardized variables: (aka: control variable or constant) variables held constant during an investigation so as to not affect the results
Experimental group: subjects in a scientific inquiry which receive the independent variables

Control group: subjects in a scientific inquiry which are treated exactly like the experimental group with the exception that NO independent variable is used; group used as a comparison group.
Background Knowledge:

“Scientific method refers to bodies of techniques for investigating phenomena, acquiring new knowledge, or correcting and integrating previous knowledge. To be termed scientific, a method of inquiry must be based on gathering observable, empirical and measurable evidence subject to specific principles of reasoning. A scientific method consists of the collection of data through observation and experimentation, and the formulation and testing of hypotheses. 

Although procedures vary from one field of inquiry to another, identifiable features distinguish scientific inquiry from other methodologies of knowledge. Scientific researchers propose hypotheses as explanations of phenomena, and design experimental studies to test these hypotheses. These steps must be repeatable in order to dependably predict any future results. Theories that encompass wider domains of inquiry may bind many hypotheses together in a coherent structure. This in turn may help form new hypotheses or place groups of hypotheses into context.

Among other facets shared by the various fields of inquiry is the conviction that the process be objective to reduce a biased interpretation of the results. Another basic expectation is to document, archive and share all data and methodology so they are available for careful scrutiny by other scientists, thereby allowing other researchers the opportunity to verify results by attempting to reproduce them. This practice, called full disclosure, also allows statistical measures of the reliability of these data to be established.” - http://en.wikipedia.org/wiki/Scientific_method
The general method postulated here is 1) observation, 2) question (based on the observation), 3) hypothesis (educated guess), 4) experimental design, 5) results (just what is observed, no inferring), 6) conclusion (inferring the meaning of results, decided to reject or accept hypothesis, 7) communicate results.  It is important for the students to understand that how scientists word the method they use may differ, but the basic idea is the same.  
It is also important for you as the teacher to know that the scientific method is not always ascribed to by professionals, particularly when used to test a “null hypothesis” (a statement of independent variable having no affect).  Others believe methods like trial and error is the more reliable.
Resources:  
www.thinkport.org  - definitions

Activity Procedures:

·  Walk step-by-step with the teacher through an entire scientific process.
· Students will determine the name of this method as a group.
· Students will research other terminology used for the scientific method.
· Students will design and carry out their own scientific inquiry including determining all variables and controls.
· Students will communicate their results to the class.
Technology Component:
This lesson does not contain a technology component.
Engineering Application:  

Reference is made to how the scientific method parallels engineering inquiry.
Assessment Tools:

Each group will design their own experiment, identify the variables and controls, carry out the experiment and communicate their results all on their own.  Their ability to do this will assess their comprehension of the basic concepts.
