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Your Name __________________________
Biology 160 Lab Module 1
The Scientific Method
Introduction

Science is one way of explaining natural phenomena.  The process of science is based on a specific process called the scientific method (see Concepts Biology, pages 21-22 and 23-24).  The steps of the scientific method are:

1. Make observations.

2. Ask a question.

3. Formulate a falsifiable hypothesis that is a proposed answer to the question.

4. Design and carry out a test of the hypothesis (this might include running experiments).

5. Analyze the results of the test.
6. Evaluate the validity of the hypothesis.

a. If the hypothesis is supported by the data, then base new observations and questions on this new knowledge.

b. If the hypothesis is not supported by the data, then formulate a new hypothesis to answer the question and test again.

7. Report the results of the study.

In this lab, we will apply the scientific method using a simple but effect test of reaction time and we will evaluate a published scientific study that employs the scientific method.
Learning Outcomes
Upon successful completion of this lab, you should be able to demonstrate:

1. Formulation of a falsifiable hypothesis.
2. Design and implementation of a controlled experiment to test the hypothesis.
3. Appropriate evaluation of a falsifiable hypothesis.
4. Identification of components of the scientific method in a published scientific study.
5. Analysis of strengths and weaknesses of different forms of scientific communication.
PRELIMINARY ACTIVITY:
Read:

· Concepts Biology (our textbook):  The Nature of Science—Paragraphs 1-3 (pages 21-22); Hypothesis Testing (pages 23-24)
· A simple device to detect concussions (http://well.blogs.nytimes.com/2013/08/14/a-simple-device-to-detect-concussions/)
· Effect of sport-related concussion on clinically measured simple reaction time (http://bjsm.bmj.com/content/48/2/112.long)

1. What is the definition of a falsifiable hypothesis? 

2. Suppose you observe that your dog isn’t in the backyard.   Formulate a question and a hypothesis based on this observation.

3. In a scientific experiment, what is the function of the control group?
STUDENT ACTIVITIES:
Work with a team of 3 to 4 students to conduct the following activities. 
Materials:

· Drop stick measuring device

Activity 1.
Baseline Reaction Time Measurements

Eckner et al. (2014) developed a simple method for determining probable concussions.  It makes use of a simple reaction time test called the drop stick test.  We will perform a modified version of the drop stick test.

Procedure:
1. Taking turns, have each member of your team act as a reaction time test subject using the methods shown in Figure 1 of “Effect of sport-related concussion on clinically measured simple reaction time” (http://bjsm.bmj.com/content/48/2/112.long).  Here is a brief description of the methods:

a. The test subject sits in a chair with the elbow of the dominant forearm (right arm for a right-handed person, left arm for a left-handed person) resting on a table and the hand ready to grasp the drop stick measurement device.

b. The examine stands in front of the test subject, holding the end of drop stick measuring device such that the other end is suspended within the grasp of the test subject.

c. After a delay of 2-5 seconds, the examiner releases the drop stick measuring device.
d. Upon seeing the release of the drop stick measuring device, the test subject grabs the device as quickly as possible.

e. The distance the drop stick measurement device falls is recorded.  This distance can be converted to reaction time using the approximation 5 cm = 100 milliseconds (ms).

2. Each team member should have one practice attempt at catching the drop stick measuring device.

3. Each team member should then have two attempts at catching the drop stick measuring device.  Record the results in the following table.

	Team Member
	Drop Distance 1 (cm)
	Drop Distance 2 (cm)
	Avg Drop Distance (cm)
	Avg Reaction Time (ms)

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	


ACTIVITY 2.  ENVIRONMENTAL FACTORS THAT AFFECT REACTION TIME
In this activity, your team will design and carry out a scientific study to address the question, what environmental factors affect human reaction time?

Some potential factors that can be tested during the lab period:

Sitting vs Standing vs Lying down

Reading something on a smart phone screen 

Alteration of hand muscle tone (opening/closing fingers multiple times prior to reaction test)

Physical exertion versus sedentary

Caffeine consumption

1.
What are your background observations/research/experiences?

2.
What is your research question?

3.
What is your falsifiable hypothesis?

4.
What are the detailed methods of your experiment to test the hypothesis?  What variable are you testing?  What is your control group?

5.
Carry out your experiment and record the results in the following space and using the graph paper provided on the next page.

6.
Was your hypothesis supported by the data?  Explain.

7.
Was the environmental factor tested by your team controlled for in the Eckner et al. (2014)
 study?  What does this mean about the validity of the Eckner et al. (2014) study?
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


QUESTIONS FOR THOUGHT
1.
In the Eckner et al. (2014) study, what was the hypothesis?

2.
In the Eckner et al. (2014) study, what was the control?

3.
In the Eckner et al. (2014) study, what was the sample size?  Was this sample size appropriate for the design of the experiment?  What would have happened if the sample size was smaller (for example, sample size = 5).
4.
How does the Eckner et al. (2014) article differ from the New York Times article, “A Simple Device to Detect Concussions”
?

a.
Which article is easier to read?

b.
Which article has more detail regarding the concussion study?

c.
Which article is a more reliable source of information?  Explain.

d.
If a Medical Doctor (M.D.) or a Doctor of Dentistry (D.D.S.) discussed the concussion study with a colleague, which publication would she/he likely rely upon?  Why?

e.
Given that BIOL& 160 students are typically studying to become healthcare professionals who will often be the most direct link between physician and patient, how important is it for BIOL& 160 students to be able to recognize levels of reliability in different forms of scientific communication?

� Eckner, JT, Kutcher, JS, Broglio, SP, and Richardson, JK.  (2014).  Effects of sports-related concussion on clinically measured simple reaction time.  British Journal of Sports Medicine 48(2): 112-118.
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