Investigative Design---Individual Review
[image: image1.emf]Targets:

Directions: Read the scenario which follows and then answer the questions by yourself. 

Eleana and Jason wondered if water temperature affects the breathing rate of goldfish. They can measure breathing rate of goldfish by counting their gill movements. They did the following investigation. 

Question: What is the effect of water temperature on the breathing rate of goldfish? 

Hypothesis: The higher the temperature of water, the greater the breathing rate of goldfish because goldfish need more water over their gills at higher temperatures. 

Materials: 
· 2 identical aquarium systems: glass aquarium with gravel and rocks on the bottom, water plants, water, goldfish, air pump, and heater 

· thermometer 

stopwatch 

· Investigation Setup Plants Goldfish Aquarium with water Rocks and gravel [image: image2.jpg]Investigation Setup
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Procedure: 
1. Establish which goldfish is #1, #2, and #3 based upon markings. 

2. Count and record the number of times per minute the gills on each of the goldfish move in Aquarium Systems A and B at 20° C. Record initial breathing rates in the data table. 

3. Allow Aquarium System B to cool to 10° C by turning off the water heater. 

4. Count and record the number of times per minute the gills on each of the goldfish move in Aquarium Systems A and B. Record breathing rates in the data table. 

5. Turn Aquarium System B’s water heater back on. When the water is 15° C, repeat step 4. 

6. Continue heating the water and repeat step 4 for 20° C, 25° C, 30° C. 

7. Allow the water in Aquarium System B to return to 20° C, repeat step 4. 

8. Calculate and record the average breathing rate. 

Data: 
	Water Temperature vs. Breathing Rate 

	Water Temperature 
	Breathing Rate 
(gill movements per minute) 

	Aquarium System 
	Temperature (°C) 
	Fish 1 
	Fish 2 
	Fish 3 
	Average 

	A* 
	initial 20 
	70 
	63 
	65 
	66 

	B 
	initial 20 
	69 
	65 
	64 
	66 

	B 
	10 
	44 
	50 
	54 
	49 

	B 
	15 
	57 
	53 
	60 
	57 

	B 
	20 
	68 
	66 
	64 
	66 

	B 
	25 
	71 
	75 
	71 
	72 

	B 
	30 
	81 
	75 
	77 
	78 

	B 
	initial 20 
	67 
	69 
	63 
	66 

	* All data for Aquarium System A are not included in this table. The three goldfish had varied breathing rates but the average remained 66 gill movements per minute throughout the investigation. 


 1.
Which two variables were controlled in this investigation? 

o A. Water temperature and volume 

o B. Size of the goldfish and breathing rate 

o C. Breathing rate and size of the aquariums 

o D. Number of goldfish and size of the aquariums 

2.
Which variable was the manipulated variable in this investigation? 

o A. Health of the goldfish in each aquarium 

o B. Temperature of the water in one aquarium 

o C. Time for water to cool to 20° C in aquarium B 

o D. Gill movements of goldfish in each aquarium 

3 Which variable was the responding variable in this investigation? 

o A. Breathing rate of goldfish 

o B. Markings on each goldfish 

o C. Time to count gill movements 

o D. Change in temperature of the water 

4.
Plan a new investigation to answer Eleana and Jason’s new question printed in the box. Use a dissolved oxygen tool to measure the amount of oxygen dissolved in the water. 

In your plan, be sure to include: 

• Hypothesis 

• Materials 

• Procedure that includes: 

• logical steps to do the investigation 

• two controlled variables 

• one manipulated variable 

• one responding variable 

• an experimental control condition 

• how often measurements should be taken and recorded 

	Question: What is the effect of water temperature on the amount of oxygen dissolved in the water? 

	Hypothesis: 


	Materials: 


	Procedure (may use words and/or a labeled diagram; more space on next page):





Investigative Design Study Group Directions

1.
The facilitator should lead the group in reviewing the answers for the multiple choice items, then the scoring guide for the extended response item. (5 minutes)
2.
Use the scoring guide to score the five papers. Each pair of students may do one and then share out to the group. Check your answers against the annotated samples. (5 minutes)

3.
Each person should use the scoring guide to score their own response from the individual review time. Following this, each person should share with the group one tip or idea for being successful with these questions. (4 minutes)

4.
The materials manager should collect all materials and return to the teacher. 

· Five Scoring Guides (white)

· Five Packets of Sample Student Papers (yellow)

· Five Packets of Annotated Samples (green)

· Extra Scoring Sheets (white)

The note-taker should write down any unanswered questions for Ms. R. (1 minute)
Scoring Guide for Aquarium Systems Scenario

Multiple Choice:

1.
D



2.
B



3.
A

Extended Response:

Award one “value point” for each item correctly completed:
	Prediction
	The prediction portion of the hypothesis must answer the given question including the effect of the manipulated (changed) variable (water temperature) on the responding (dependent) variable (amount of oxygen in the water)

	Prediction Reason
	A hypothesis must give a cause-effect reason for the prediction (e.g. …because colder water has less energy). If no prediction is made, no point for the prediction reason can be earned.

	Materials
	Must have the minimum materials needed (container with water, water heater, thermometer, tool to measure oxygen in water); can have additions

	Controlled Variables
	At least two controlled variables are identified or implied in the procedure or the materials list

	Manipulated Variable
	Only one manipulated variable (water temperature) is identified or implied in the procedure. The manipulated variable must have at least three conditions (temperatures) to be credited.

	Responding Variable
	The responding variable (amount of oxygen in water) is identified or implied in the procedure.

	Record Measurements
	The procedure states or implies measurements are recorded periodically.

	Trials Are Repeated
	More than one trial for all conditions is planned to measure the responding variable.

	Experimental Control Condition
	The procedure includes an additional setup in quich the manipulated variable is not changed and the responding variable is measured for each condition in the experimental setup (e.g. a separate aquarium kept at a constant temperature)

	Extra Validity Measure
	The procedure includes a validity measure not included in the scenario investigation (e.g. more controlled variables, better measuring technique, increased sample size…)

	Logical Steps
	The steps of the procedure are detailed enough to repeat the procedure effectively.


Scoring Sheet
Directions: For each paper reviewed, place a check mark in the box beside each feature the response has. Do not write on the sample papers.
Sample Paper 1




	Prediction
	

	Prediction Reason
	

	Materials
	

	Controlled Variables
	

	Manipulated Variable
	

	Responding Variable
	

	Record Measurements
	

	Trials Are Repeated
	

	Experimental Control Condition
	

	Extra Validity Measure
	

	Logical Steps
	


Sample Paper 4




	Prediction
	

	Prediction Reason
	

	Materials
	

	Controlled Variables
	

	Manipulated Variable
	

	Responding Variable
	

	Record Measurements
	

	Trials Are Repeated
	

	Experimental Control Condition
	

	Extra Validity Measure
	

	Logical Steps
	


Reminders to myself:

Sample Paper 2




	Prediction
	

	Prediction Reason
	

	Materials
	

	Controlled Variables
	

	Manipulated Variable
	

	Responding Variable
	

	Record Measurements
	

	Trials Are Repeated
	

	Experimental Control Condition
	

	Extra Validity Measure
	

	Logical Steps
	


Sample Paper 5




	Prediction
	

	Prediction Reason
	

	Materials
	

	Controlled Variables
	

	Manipulated Variable
	

	Responding Variable
	

	Record Measurements
	

	Trials Are Repeated
	

	Experimental Control Condition
	

	Extra Validity Measure
	

	Logical Steps
	


Sample Paper 3




	Prediction
	

	Prediction Reason
	

	Materials
	

	Controlled Variables
	

	Manipulated Variable
	

	Responding Variable
	

	Record Measurements
	

	Trials Are Repeated
	

	Experimental Control Condition
	

	Extra Validity Measure
	

	Logical Steps
	


My Paper 




	Prediction
	

	Prediction Reason
	

	Materials
	

	Controlled Variables
	

	Manipulated Variable
	

	Responding Variable
	

	Record Measurements
	

	Trials Are Repeated
	

	Experimental Control Condition
	

	Extra Validity Measure
	

	Logical Steps
	


Investigative Design

Alternative Assessment
Given:  We know plants conduct photosynthesis. Carbon dioxide and water are inputs, and glucose and oxygen are outputs. Choose one of the inputs or one of the outputs.
Question: Is  ____________ an input/output of photosynthesis?

Hypothesis: 

Experimental Conditions: (make a labeled diagram of your experimental conditions, including your experimental control group; be sure to show/describe logical steps, the manipulated variable, a responding variable, two controlled variables, how measurements will be taken and recorded, as well as validity and reliability measures)

Prediction of Outcomes: (make a labeled diagram for what the results would look like for each of the possible outcomes)
If the hypothesis is supported: 

If the hypothesis is  not supported:
Scoring Guide

	4
	· Student goes beyond the requirements of a “3” to make relevant connections to additional learning.

	3
	· Student accurately and appropriately uses relevant scientific vocabulary.

· Student accurately explains concepts, providing original examples with added details to illustrate his/her understanding.

	2
	· Not all parts of the answer are present and/or accurate. Some vocabulary is incorrectly used.

· Student does not show independent learning; all examples and descriptions are taken from the text or other resource or not enough detail is provided to show understanding.

	1
	· Little or no understanding of concepts demonstrated. Relevant scientific vocabulary is not used or is misused.

· Multiple parts of the assessment are incomplete.


Investigative Design

Final Assessment

Amanda wanted to find out how acidic water affects plant growth. Amanda decided to do an investigation using radish plants and several water samples with different acidities as measured by pH.

Question: What is the effect of the acidity of water on the height of radish plants?
Hypothesis (prediction): Radish plants given water with a pH of 7 will grow taller than radish plants given water with a pH lower than 7 because plants will not grow well with water that is acidic.
Materials:

radish seeds

small plant pots filled with soil

water samples each with a different acidity: pH 4, pH 5, pH 6,  and pH 7

graduated cylinders

labels

ruler


Procedure:

1. Label six pots pH 4, six pots pH 5, six pots pH 6, and six pots pH 7 as shown in the Investigation 
Setup diagram. 

2. Plant one radish seed in each pot. 

3. Every three days pour 5 milliliters of water with the labeled pH into each pot. 

4. Measure and record the height of the tallest leaf of each radish plant after watering. 

5. After two weeks, calculate and record the average plant height for each of the four pH groups. 

Data: The table below shows the calculated average plant heights for the six plants in each of the groups.
	Acidity of Water vs. Average Plant Height

	Acidity of Water 
(pH)
	Average Plant Height
(centimeters)

	4
	0.5

	5
	0.5

	6
	12.5

	7
	9.0


_____
1.
Which variable was a controlled (kept the same) variable in this investigation?




a.
pH of the water

b.
size of the plants
c.
length of the roots
d.
volume of the water

_____
2.
Which variable was the manipulated (changed) variable in this investigation?




a.
number of plants






c.
type of seeds in each pot




b.
acidity of the water






d.
days for the plants to grow

_____
3.
Which variable was the responding (dependent) variable in this investigation?




a.
number of seeds planted





c.
average plant height 




b.
time for plants to grow





d.
type of water

_____
4.
How could Amanda make the investigation results more reliable?




a.
change the type of seeds





c.
change the amount of soil in each pot




b.
repeat the entire investigation



d.
increase the amount of water added each week.

5.
Plan a new investigation to answer the following question: What is the effect of different amounts of pH 6 water on the height of radish plants?


In your plan, be sure to include

· Hypothesis

· Materials needed to do the investigation

· Procedure that includes

· Logical steps to do the investigation

· Two controlled (kept the same) variables

· One manipulated (changed) variable

· One responding (dependent) variable

· How often measurements should be taken and recorded
Investigative Design
Directions:
If you want to be assigned to review this topic before the final, fill in your name in the table below. Then, if you are willing to serve in any of the roles, place a checkmark in the box.

	Name
	Facilitator
	Sergeant-at-
Arms
	Materials 
Manager
	Timekeeper
	Note-taker

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


2.1.2	Understand how to plan and conduct systematic and complex scientific investigations.


Make a hypothesis about the results of an investigation that includes a prediction with a cause-effect reason.


Generate a logical plan for, and conduct, a systematic and complex scientific controlled investigation with the following attributes:


hypothesis (prediction with cause-effect reason)


appropriate materials, tools, and available computer technology


controlled variables


one manipulated variable


responding (dependent) variable


gather, record, and organize data using appropriate units, charts, and/or graphs


multiple trials


experimental control condition when appropriate


additional validity measures


Identify and explain safety requirements that would be needed in an investigation.


2.2.4	Analyze scientific investigations for validity of method and reliability of results.


Describe how the methods of an investigation ensured reliable results.


Explain how to increase the reliability of the results of an investigation (e.g., repeating an investigation exactly the same way increases the reliability of the results).


Describe how the methods of an investigation ensured validity (i.e., validity means that the investigation answered the investigative question with confidence; the manipulated variable caused the change in the responding or dependent variable).


Explain the purpose of the steps of an investigation in terms of the validity of the investigation.


Explain how to improve the validity of an investigation (e.g., control more variables, better measuring techniques, increased sample size, control for sample bias, include experimental control condition when appropriate, include a placebo group when appropriate).





(additional space for procedure)





Reminder about roles:


One person is the facilitator. This person is in charge of reading directions.


You should have a sergeant-at-arms whose job it is to keep everyone on task.


One person is you materials manager who is responsible for passing out and collecting any materials.


Another person should be the timekeeper who will keep watch on the clock to make sure that all goals are accomplished in the time allotted.


A fifth person should serve as a note-taker to track any questions or help still needed from Ms. R.








