Session 3: Scientific Method

Instructor Guide

Session No. 3

Session Title:
Scientific Method

Time:

2 hours

Objectives

At the conclusion of this session, the student should—

3.1 Be acquainted with the scientific method.

3.2 Understand some of the different domains and disciplines for scientific research of emergency management.

3.3 Understand the role of other scientific disciplines in the practice of emergency management.

3.4 Understand one experiment demonstrating the scientific method.
Scope

The aim of science is to provide new and useful information in the form of data which can be verified in a way that allows other researchers can make similar observations and obtain similar results. This calls for precision in uncovering the relationships between events and the things that affect them and in describing them to others.  Science has progressed over the centuries because researchers have been able to trust the validity on their predecessor’s work and have known about it because of publications.  In the last century, the pace of scientific development has increased dramatically in many disciplines because of a better understanding of the scientific method, vastly improved research facilitates, and much better and faster communication of results.  More than 50% of the scientists who have ever lived are alive today.

Emergency Management as an academic discipline is a new field and those developing the academic aspects are drawing on many other fields—some scientific, and others more related to technology and management.

Readings

Instructor and Students

Babbie. E. (1998). The Practice of Social Research. 8th Edition.  New York: Wadsworth Publishing.  (Chapter 4, “Research Design”).

Kreps, G. A. (1989).  Future directions in disaster research: The role of taxonomy.  International Journal of Mass Emergencies and Disasters. 7(3), 215-241.

Remarks

Objective 3.1.    The scientific method.

The scientific method is a structured way of gathering, analyzing and drawing conclusions.  The “classic experiment” is typically conducted in a laboratory where conditions can be tightly controlled.  The object of the simplest kind of experiment is to determine the effects of a single independent variable (frequently referred to as the experimental variable) by comparing its effects on two groups: one subjected to the independent variable and the other treated in the same way except for not receiving the independent variable.  Tests given to both groups (called the “experimental” and “control” groups respectively) isolate the effect of the independent variable. A hypothesis is generally stated before an experiment is performed, which is believed to describe underlying behavior to be investigated.  The experimental method provides the most reliable source of scientific information and is the preferred method of science.

Objective 3.2.   Different domains and disciplines for scientific research of emergency management.

Relationship between Social Structure and Disaster

(from Kreps, 1989)

Events - Impacts




  Social Units - Responses

In the figure above from Kreps (1989) the enclosed rectangle depicts the relationship of social structure and disaster through domain performance.  The continuous arrows reflect the fact that disaster and social structure are antecedent and consequent of each other.  Pre-, trans-, and post-disaster domain enactments capture the life history of disaster as social happening.  The table below (also from Kreps, 1989) provides a tentative list of domains as representative of the theoretical interests of disaster and hazards research traditions.  Just as with types of events that have been studied, relative research attention to different types of domains has depended historically on such things as disciplinary interests, the random occurrence of emergencies and disasters, and unpredictable political dynamics in funding allocation.

Social Domains of Disaster
(from Kreps, 1989)

Domains



Hazard-vulnerability analysis 

Maintenance of standby human and material resources

Disaster preparedness, planning and training

Public education

Hazard mitigation-structural

Hazard mitigation-nonstructural

Insurance

Issuance of predictions and warnings

Dissemination of predictions and warnings

Evacuation

Protective action

Mobilization of emergency personnel

and resources

Search and rescue

Medical care

Care of fatalities

Providing victim basic needs

Damage needs and assessment

Damage control

Restoration of essential services

Public information

Traffic control

Law enforcement

Local governance

Coordination and control

Reconstruction planning

Reconstruction of physical structures

Reestablishment of economic functioning

Resumption of other social institutions

Determining liability for the event



Objective 3.3.    Scientific disciplines which researchers studying emergency management might encounter.

In many ways, emergency management can be considered as a social science, having many of its roots in sociology, psychology and public administration.  However, new technology now being widely used in the practice of emergency management has added an inter-disciplinary dimension.  For example, geographic information systems (GIS), which are the result of a pairing of computer science and geography, are widely used by emergency managers.  Another in-class exercise has students naming elements of the practice of emergency management and their particular roots in different scientific disciplines.

 Emergency Management Issues and

Relationship to Science and Technology
Emergency Management Issue
Scientific Discipline or Technology 


More Information 

Behavior in Disasters
· Sociology
Kreps (1989)

Flood Predictions
· Meteorology 

· Geographic Information Systems

· Geography
FEMA Internet site

(www.fema.gov)

Wildfire Spread
· Physics 

· Engineering 

· Forestry


FEMA Internet site  (www.fema.gov)

US Fire Administration. Wildfire: Are You Prepared

Hazardous Materials
· Chemistry

· Engineering
Hazardous Materials Accidents: Fact Sheet and many others on FEMA web site 

Objective 3.4.    Experiment demonstrating the scientific method.

The following is an exercise which can be used in class to demonstrate the scientific method through discussion of a simple experiment.  

EXPERIMENTAL PROBLEM: To investigate the effects of caffeine (contained in two cups of coffee) on the achievement of college students on a final examination.

HYPOTHESIS: Two cups of black coffee taken immediately before a task requiring mental exertion increase a student’s academic efficiency.

PROCEDURE: Two groups of subjects were used.  Group 1 consisted of 200 college students who were matched in age, intelligence, sex, and grade-point average with the 200 students in Group 2. Subjects in both groups were enrolled in the elementary course in public administration.  All subjects in Group 1 (experimental group) drank two cups of black coffee immediately before taking the final examination.  All subjects in Group 2 (control group) were instructed not to take any stimulants during the day the final examination was to be taken.  For purposes of analysis, the grades of the students of both groups were converted into the following numerical equivalents (grade points): A = 4; B = 3; C = 2; D = 1; and F = 0. The average grade-point score for each of the two groups was then computed.

RESULTS: The results of the experiment are summarized in the tables.  The table “Data from the Study” indicates the number and percentage of students in each group obtaining each of the five letter grades on the final exam in general psychology.  The table “Results of the Study” gives the average grade-point scores of the two groups. These results indicate that the students in Group 1 did consistently better than the students in Group 2.

CONCLUSIONS: Comparison of the final examination grades earned in Introduction to Public Adminsitration by two groups of college students (a stimulant-taking group and a non-stimulant-taking group) indicates that taking a mild stimulant, such as two cups of black coffee, immediately before an examination increases the academic efficiency and achievement of college students in the course.

Data from the Study: Caffeine and Test Performance
Grade
Group 1      

(drank coffee)

Number            Percentage
Group 2

(did not drink coffee)

Number           Percentage

A


30
15
14
7

B


44
22
22
11

C


82
41
112
56

D


36
18
38
19

F


8
4
12
6

Results of the Study

Group
Average Grade-Point

Score

1. (coffee drinkers)


2. (non-coffee drinkers)
2.25

1.96



Have the students name the: 

· independent variable (caffeine or coffee)

· dependent variable (performance on test)

· hypothesis (the group with coffee will do better on the test)

· experimental group (those receiving coffee)

· control group (those not receiving coffee).

Interactive Learning Activity

1. After you have done the exercise above on caffeine and test performance, tell students that they are to design an experiment to test the effectiveness of a training program to teach local emergency management planners how to develop local Comprehensive Emergency Management Plans. A group of planners is provided with training including model plans and a four-hour workshop.  Another group receives no such help.  We presume that the group with training will write better plans as judged by independent ratings of the plans (provided by experts).

Have the students name the:

· independent variable (training)

· dependent variable (ratings of plans by experts)

· hypothesis (the group with training will develop better plans)

· experimental group (those receiving training)

· control group (those not receiving training).

What can go wrong with this experiment?  What are some of the extraneous variables which could affect the results and make the interpretation unclear?

2.
Have the class continue with the development of the table “Emergency Management Issues and relationship to Science and Technology” on page twenty-three.  Here are a few suggested issues.  The class should be able to suggest at least five more.  As an out-of-class assignment, have students find sources of further information from journals, the library or the Internet.

Emergency Management Issues and Relationship

to Science and Technology (con’t)

Emergency Management Issue


Scientific Discipline 
More Information 

Hurricane resistant 

building techniques


Engineering 

Public administration
FEMA Mitigation Plan (available from FEMA Internet site)

Post-disaster stress
Psychology







Disaster                  Domains        Social Structure                    
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