11

SOTM LAB: B11







12/99

I. TEACHER NOTES & GUIDELINES

TITLE OF LAB: MEASURING YOUR REACTION TIME


ACTIVITY 1: REACTION TIME TO SOUND STIMULUS


ACTIVITY 2: REACTION TIME TO LIGHT STIMULUS

DEVELOPERS OF LAB: Lori Ciulla JD407,Michelle Sauter JD436

OVERVIEW OF LAB

DESCRIPTION:   The purpose of this lab is to examine individual reaction times. 

Reaction time is a measure based on how quickly a person responds to a stimulus, such as 

sound and light.  This lab will measure students’ understanding of such reactions and 

related concepts.  


CURRICULUM CONSIDERATIONS:   This lab is intended to be used in a biology or


a health curriculum as an introduction to nervous regulation. This lab is expected to be


completed in approximately forty minutes.


REAL WORLD APPLICATIONS:

· Operating a motor vehicle with or without night blindness

· Headphones used on a daily basis 

· Listening to loud music

· Sunglasses vs. eyeglasses

· Tinted eye glasses 

SAFETY CONSIDERATIONS:   There are no dangerous chemicals used in this lab. 

Students should be careful when handling electrical equipment. Students should not use 

or substitute one another’s eyeglasses.  Do not perform this activity if it causes discomfort or is hazardous to the health of the participant.

BACKGROUND INFORMATION: 

A. SCIENTIFIC VIEWPOINT:

A stimulus is any change in the environment that produces a response in an organism. Stimuli received by sensory receptors in your eyes and ears are stimulated by signals of light and sound respectively.  The stimulation is converted into a nerve impulse where each sensory neuron begins a series of electrical and chemical changes to transmit the impulse.

The impulse moves from the receptor ends of dendrites to the cell body and along the axon to the dendrites of another sensory neuron.  The electrochemical impulse has to cross a narrow gap called the synapse via a series of rapid chemical reactions to stimulate the next neuron in line.

The impulse is transmitted in this way to the spinal cord, where interneurons relay impulses from one neuron to another in the brain and spinal cord.  Once the brain receives the information (impulse), motor neurons carry impulses from the spinal cord and brain to effectors, usually muscles or glands. This pathway produces a response, which is the reaction to a stimulus.

B. COMMON MISCONCEPTIONS:  
· Everyone has the same reaction rate 

· There is no difference in reaction time using different stimuli

· Males and females respond to stimuli the same

· Lack of sleep has no affect on reaction time

· Stress does not affect reaction time

OBJECTIVES:

· To understand the importance of reaction time
· To compare reaction time of light and sound stimuli
· To appreciate the use of technology in the field of science
· To learn science through inquiry
EQUIPMENT AND MATERIALS:


PROVIDED BY SOTM:



Laptop computer (6000 series with SCSI card adapter and 750 Interface cable



Science workshop 750 interface



750 interface cable

Photogates (2)



A pair of banana plug patch cords with alligator clips



PASCO CI-6512 RLC circuit board or 3 volt light bulb box



Speaker


PROVIDED LOCALLY:



N/A

ADVANCED PREPARATION:

· Order equipment from SOTM

· Make up and copy student edition of lab

· Copy rubric for assessment of student inquiry lab (page 11)

· Familiarize yourself with the computer program and equipment used in this lab

· Gather necessary equipment and supplies 

· Distribute all materials to lab stations

II. PRE-LAB

PRE-LAB EXERCISE TO ELICIT STUDENTS’ PRIOR KNOWLEDGE AND MISCONCEPTIONS


This is designed to elicit students’ prior knowledge and misconceptions regarding light 


and sound.


Divide class into pairs of students. In a three to five minute time frame, have students


brainstorm and record any knowledge and ideas that involve light and sound.  One 


student will be the timer, while the other student will be the recorder.


After this time period, the teacher will lead a class discussion by each of the pairs, in 


turn, to give responses from their list.  From these offerings, the teacher 


constructs a class list globally and continues in this manner until no group can offer any 

             additional input.

DISCUSSION OF PRECONCEPTIONS


Using the answers given from the pre-lab exercise, students’ will be aware of  

their ideas such as:

· Is there a difference between reaction time of males and females?

· Is there a similarity in reaction time depending upon different stimuli?

· What variables can cause reaction times to change?

· What effect does age have on reaction time?

III. EXPLORATION OF SCIENTIFIC

PRINCIPLE & INTRODUCTION

OF EXPERIMENTAL PROTOCOL

PROBLEM

How can reaction rate be measured and what factors can affect an individual’s reaction rate?

EXPERIMENT AND TECHNICAL OPERATION OF EQUIPMENT

PART A: SOUND

1. Connect the Science Workshop 750 interface to the computer

       (Note: the 750 interface cable is attached to the computer on the left side

       of  the laptop with the written side up),  turn on the interface, and turn on the

       computer.

2. Plug in both photogates into digital channels one and two located

       on the far left of the interface.  Set up the first photogate so that it is plugged into

       digital channel one, which is near the tester and out of view from the person being 

       tested.  Set up the second photogate so that it is near the person being tested.

3. Connect the speaker into the output jack on the far right of the 750 interface.

4. Open the Science Workshop program on the computer

5. Go to File, click on Open

6. Under folders, double click on library, and then double click on biology.

7. Scroll down file name to B15a_rct.sws and double click on it.

8. Close out the Experiment notes (use the X).

9. Move the digits display to an open space on the screen.

10. Close out the table by clicking on the X, click OK.

11. Click on Experiment (located in the upper left part of the screen) and scroll down to Signal Generator Window, click on it.

12. Rearrange screen so that the digits and the signal generator tables are both fully visible.

13. Click on the signal generator table, drag the cursor  to AUTO, click on it once (ON and OFF will fade out).

14. Change the amplitude to 1.00 Volts by clicking on the arrows next to it. Leave the frequency at 440Hz  (See diagram below)
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15. Test the set up by clicking on monitor (MON) and then passing your hand through the first photogate in a quick, downward chopping motion.

* You should hear a sound from the speaker *

16. You are now ready to begin recording data.

17. Do one practice run to become familiar with the equipment.  Have the tester click on record (REC) and when ready, run their hand through the first photogate.  The speaker will produce a sound.  The person being tested will respond when the sound is heard by passing their hand through the second photogate in a quick, downward chopping motion.  As a control, one hand should be used to block the photogate, while the other hand should be placed flat down on your lap.  If there is any confusion with this procedure, see diagram on page 10.

*  The person being tested should not be watching the tester  *

*  The sound from the speaker will turn off automatically after two seconds; do not  

    be alarmed if the sound is still occurring after the second photogate has been  

    blocked * 

18. After each trial, record the reaction time on a separate sheet of paper. Run five trials and take the average.

19. Switch positions so that the tester is now the person being tested, vice versa.

20. Repeat steps 17-18
Note: You can run many trials with the Science Workshop program.  If a mistake is made, highlight the run(s) that you wish to delete, hit the delete key on the keyboard, click OK or press the space bar. You can record new data now.

21. After the data is collected, click on File, click on Quit, then click on Don’t Save.

22. Disconnect the speaker from the output jacks on the 750 interface.

PART B:  LIGHT

1. Plug in one black and one red banana cord clips (without the alligator clips) into the two output jacks on the far right of the interface


      (Note: where you plug in the red or black clips into the output jack does not matter)

2. Attach the alligator clips to the other end of the banana cord clips and connect the clips to the coils on both sides of the middle bulb on the PASCO CI-6512 RLC circuit board

       (Note: where you attach the red or black clips to the coils does not matter).

3. Place the circuit board near the person being tested so they can see the bulb turn on.

4. Open the Science Workshop program on the computer.

5. Go to File, click on Open.

6. Under folders: double click on library, then double click on biology.

7. Scroll down File Name to B15b_rct.sws, double click on it.

8. Close out the Experiment notes (use the X).

9. Move the digits display  to an open space on the screen.

10. Close out the table (use the X), click OK

11. Click on Experiment, Scroll down to Signal Generator Window, click on it

12. Rearrange screen so that digits and signal generator tables are both fully visible.

13. Click on the signal generator, and click on the AUTO button once (Note: ON and OFF will fade out).

14. Make sure that the DC voltage reads 3 Volts (See diagram below).
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15. Test the bulb by clicking on monitor (MON) and then passing your hand through the

first photogate in a quick, downward chopping motion.

*  The bulb should light up  *

16. Repeat steps 17-20 in Part A (substitute light where sound is mentioned).

17. When the lab exercise is complete and the data is recorded, click on File, click on Quit, and then click on Don’t Save.

18. Shut down the computer and remove all attachments.

IV.   ELABORATION OF SCIENTIFIC PRINCIPLE:

         INQUIRY-BASED STUDENT INVESTIGATION

PROBLEM


After students have completed the light and sound reaction time rate experiment, in their 

             groups they should discuss the following questions:

What is the difference (if any) between light and sound stimulus reaction times?

Using the factors listed below, which could cause a change in reaction time:

· Closing one eye

· Varying the distance of the stimulus from the person being tested

· Watching the light bulb at each interval

· Not being able to see the light bulb at each interval

· Wearing sunglasses

· Using eye glasses

· Male verses female

· Plugging one ear verses using both ears

HYPOTHESIS OR PREDICTION


Students will select one of the above factors and determine the relationship between the 

             factor and reaction time.

EXPERIMENTAL DESIGN

Questions to ask students:

1.   Which variable will you be studying?

2.   How will you explore the affects of this variable?

             3.   What equipment will you be using?

             4.   What safety procedures will you use to complete your experiment?

Checkpoint (Teacher checks students’ experimental design for feasibility.)

PLAN FOR DATA COLLECTION & ANALYSIS

1.   How will you record your results of your variable verses your reaction time tables?

2.   How will you design an appropriate data table?

3.   What information will be recorded?

4.   How will you use your data to confirm your hypothesis?

Checkpoint (Teacher checks students’ plan for feasibility.)

CONDUCTING THE EXPERIMENT


Each of the pairs will experiment by using the written procedures and steps that have 

             been developed.  Each group should design a table and a graph.

Checkpoint (Teacher checks students’ investigations in progress.)

DISCUSSION OF RESULTS
     COMPARE


Each of the pairs will present their findings to the entire class.  The following questions 

             will be answered:

· Is the hypothesis confirmed or refuted?

· Do you have the evidence needed to support your results?

· Did you compare your preconceptions with your experimental conclusion?

· Which reaction time is fastest on average?

     PERSUADE


After each of the pairs present, they will be responsible for persuading the entire class of 

             the validity to their findings.

     RELATE

A classroom discussion will follow of how this experiment and its results relate to the real world such as:

                    Various color-tinted sunglasses

                    Dangers of head-phone use

                    Sinus problems triggered by light

                    Deafening concert music

                    Mothers verses fathers response to the cry of a newborn baby

V. EVALUATION

POST-LAB SURVEY OF STUDENTS’ CONCEPTIONS


Have students take the pre-lab exercise. Compare pre-lab and post-lab responses.

TRADITIONAL


Complete each sentence with a word or phrase.

1. In the brain and spinal cord, impulses are relayed from one neuron to another by

_______________________.

Answer:  interneurons

2. _______________________  are the sites on the neuron that perceive the incoming   

impulse.

Answer: Dendrites  


3.   After receiving information, motor neurons carry messages to  ________________  


      and ____________________.

Answer: muscles and glands


Answer the following questions.


What is a measure of how quickly a person can interpret a stimulus and respond to it 

             called?

             Answer: Reaction Time


What are the definitions of stimulus and response?


Answer:  A stimulus is any change in the environment that produces a response in an 

             organism.  A response is the reaction to a stimulus.


What are the components of a typical neuron?


Answer: Cell body, axon, and dendrites. 


 The following statements can be TRUE or FALSE. If the statement is false, change the 

              statement to make it true and explain why it is false.

1. Sensory neurons transmit an impulse from the brain and spinal cord to an effector.

Answer: False. Motor neurons transmit the impulse from the brain and spinal cord to an effector.

2. For an impulse to be transmitted from one neuron to another, the impulse must cross a gap known as a synapse.

Answer: True.
3. An impulse is transmitted electrically but not chemically.

Answer: False. An impulse is transmitted electrically and chemically.

ALTERNATIVE


Rubric for inquiry lab exercise– see page 11


In an anatomical viewpoint, describe or demonstrate how our bodies respond to light and 

sound stimuli. To support your presentation, you will need to follow these requirements:

· 3-5 minute presentation to the class

· two visual aids such as an overhead transparency, poster, and/or model

or

In a real world setting, there are many situations and professions pertaining to reaction time.  Choose one of the following items from the list below and describe how reaction time can be related.


Racing cars


Sports


Police


Criminal


Music conductor


Train conductor


Bus driver


Singer


Musical inclination


Ambulance driver


Firefighter

Give an example of a situation or a profession other than what is listed above and describe how reaction time is related. 

DIAGRAM OF EQUIPMENT SET UP

(Adapted from PASCO scientific ( 1996)
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*This material is based upon work supported by the National Science Foundation under Grant No. ES1 9618936.   Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Science Foundation.

Rubric for Assessment of Student Inquiry Lab 


Student Names__________________________________________________________________ 

	PRIVATE
 
	Title of Lab
	Evaluation
	Teacher Checkpoints

	Problem
	 
	Excellent
(3pt)
	Satisfactory
(2pt)
	Unsatisfactory
(1pt)
	Completion
Date
	Teacher
Initials

	 
	Team has proposed a 
question
	 
	 
	 
	 
	 

	Experimental
Design
	Team has proposed a
hypothesis.
	 
	 
	 
	 
	 

	 
	Team has stated a reason
for predicted outcome. 
	 
	 
	 
	 
	 

	 
	Team has created 
procedure.
	 
	 
	 
	 
	 

	 
	Team has considered
safety and viability.
	 
	 
	 
	 
	 

	 
	Team has identified equipment 
and variables.
	 
	 
	 
	 
	 

	 
	Team has created a 
material list.
	 
	 
	 
	 
	 

	Conducting
	Team has successfully 
run procedure.
	 
	 
	 
	 
	 

	 
	Team has recorded 
data correctly.
	 
	 
	 
	 
	 

	Analysis
	Team has proposed ways to
improve the procedure.
	 
	 
	 
	 
	 

	 
	Did team test their
hypothesis?
	 
	 
	 
	 
	 

	 
	What new questions 
have arisen 
during this lab?
	 
	 
	 
	 
	 

	 
	Is the team's
conclusion consistent 
with known scientific concepts?
	 
	 
	 
	 
	 

	 
	Is the team's data,
calculations, and 
outcome logical and 
consistent with known 
scientific concepts? 
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