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Web- based GIS Learning Module Summary
Education Category 

 
High School Human Geography Education

Grade Level

 
9th to 12th Grades

Learning Module Objective

The intention of this learning module is to assist high school-age students in learning the demographic transition and population pyramids through the application of some GIS technology and features.
In this module, the student will apply learned GIS functionalities to better comprehend four stages of the demographic transition and the importance of age distribution and sex ratio.  Step-by-step instructions of utilizing GIS tools will not be detailed as in the module 1.
A major portion of this learning module is completed with the ESRI, Inc.  GIS software “ArcIMS” and associated learning module data.  Instructions for obtaining the requisite software and data are given below.

Learning Level

· Human Geography: Population—Why is population increasing at different rates in different countries?
· GIS: Middle to advanced Level
Required Materials-Computer Hardware

· Compatible Platforms: 

· Windows 98

· Windows 98SE

· Windows 2000

· Windows NT

· Windows XP

· Macintosh OS-X (or newer)

· Minimum Recommended Configuration: 

· 250 MB Hard Drive Space Available

· 16MB RAM

· 2MB Video Memory

· Color VGA Monitor

· Keyboard

· Mouse

· Connection to the Internet (for initial software download, data download, and certain learning activities only)

Used Materials- GIS Data Layers
Following data are from Data and Maps (DVD), ESRI, 2003 
· “Male-Female Ratio.lyr”

· “Male-Female Ratio.lyr.xml”
Used Materials- Reading
The teaching materials are selected from 
· Helix High school 
· Human Geography textbook-- The Cultural Landscape: An Introduction to Human Geography, 7th Edition, James M. Rubenstein, Prentice-Hall, 2002 (chapter 2, key issue 1) 

· Online population power point slides--http://www.helixcharter.net/department_sites/socialscience/honors_geo/population.html
Education Content Standards

This GIS learning module follows content standards specified by 
· National Geography Standards (http://www.nationalgeographic.com/resources/ngo/education/standardslist.html ).
· The World in Spatial Terms
1. How to use maps and other geographic representations, tools, and technologies to acquire, process, and report information from a spatial perspective.
2. How to use mental maps to organize information about people, places, and environments in a spatial context
· Places and Regions
4. The physical and human characteristics of places. 

· Human Systems
9. The characteristics, distribution, and migration of human populations on earth’s surface.

· The Uses of Geography
17. How to apply geography to interpret the past.
18. How to apply geography to interpret the present and plan for the future.
· California State Board of Education (http://www.cde.ca.gov/be/st/ss/scearth.asp).

· History-Social Science Grades 9 Through 12: Introduction
· Historical and Social Sciences Analysis Skills
· Chronological and Spatial Thinking
1.  Students compare the present with the past, evaluating the consequences of past events and decisions and determining the lessons that were learned. 
4.  Students relate current events to the physical and human characteristics of places and regions. 

· Grade Ten
· World History, Culture, and Geography: The Modern World
10.10 Students analyze instances of nation-building in the contemporary world in at least two of the following regions or countries: the Middle East, Africa, Mexico and other parts of Latin America, and China. 

3. Describe the growth of population, rural to urban migration, and growth of cities associated with the Industrial Revolution.
· Goals of Advanced Placement Program (AP) Human Geography Course
1. Use and think about maps and spatial data.
Learning Objectives

Upon completion of this activity, students will learn about the following concepts through the use of GIS functionalities:
· Human Geography

1. The demographic transition

1.1 Be able to understand the concepts of the demographic transition.

1.2 Be able to comprehend the characteristics of stage 1, low growth.

1.3 Be able to explain what factors cause countries to move from stage 1 to stage 2.

1.4 Be able to comprehend the characteristics of stage 2, high growth.

1.5 Be able to identify the country distribution which remains in stage 2.

1.6 Be able to explain what factors cause countries to move from stage 2 to stage 3.

1.7 Be able to comprehend the characteristics of stage 3, moderate growth.

1.8 Be able to identify the country distribution which remains in stage 3.

1.9 Be able to explain what factors cause countries to move from stage 3 to stage 4.

1.10 Be able to comprehend the characteristics of stage 4, low growth.

1.11 Be able to identify the country distribution which moved on to stage 4.

1.12 Be able to explain the relationships of the demographic transition and CBR, CDR, NIR, TFR, IMR, and life expectancy.

2. Population pyramids

2.1 Be able to understand the concepts of population pyramids.
2.2 Be able to understand the concepts of age distribution.
2.3 Be able to identify the global distribution of age distribution.
2.4 Be able to understand the concepts of dependency ratio.
2.5 Be able to understand the concepts of sex ratio.
2.51 Be able to explain relationships of sex ratio and birth and death rates.
2.52 Be able to explain relationships of sex ratio and male and female life expectancy.
2.53 Be able to identify the global distribution of sex ratio.
2.54 Be able to analyze relationships of CBR, CDR, NIR, TFR, IMR, life expectancy, the age distribution, the sex ratio, male life expectancy, female life expectancy, and less and more developed countries.
· GIS Functionalities

1. Locations: Be able to understand what is at a location.
2. Conditions: Be able to analyze where the location is and what conditions exist on some locations.
3. Temporal change on spatial dimension: Be able to identify what has changed through time on
                                                                       space?

4. Spatial pattern: Be able to comprehend what and why spatial pattern exists.
5. Modeling process: Be able to explain what can be observed with modeling process? 
Introduction of ArcIMS HTML Viewer

· User Interface

In learning module 2 and 3, the user interface is different from the default one used in the learning module 1. The new ArcIMS HTML Viewer interface still includes title, a map display area, layer list, toolbar, scalebar, North arrow, and overview map. In addition, the new viewer consists of the link of tool help, grouped layer list, and functions of refreshing map automatically. 
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The toolbar is still located on the left of the map display area. But the description of every tool is added. In addition, the link of tool help is added to remind students of tool functions.   
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The layer list is still on the right of the map display area. But all of layers are grouped. These layers are grouped based on their characteristics. [image: image6.png]


 is for the layer Visible in the map display area. [image: image7.png]


 is for the layer Active against which the function of querying, buffering, identifying, and so on will be performed. For more detail see Help located in the bottom of LAYERS area. In addition, after making every change, [image: image8.png]


 will automatically refresh map for changes which will be reflected on the map. (Notice: If the layer you want to view is below some active layers, remember to make those layers invisible.)
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· GIS skills and tools 
1. Toggle
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	Toggle between legend and layer list:

Allows users to turn layers on and off, select an active theme, and convert to viewing layer legends.
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	Toggle overview map

Enables users to turn on and off the overview map 


2. Zoom and pan
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	Zoom in on the view:

Zoom in to a particular area in the view by either clicking in the center of an area or by dragging a box around an area. 
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	Zoom out of the view:

Zoom out to a particular area in the view by either clicking in the center of an area or dragging box around area.
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	Zoom to full extent of the view:

Zoom to the full spatial extent of all the themes in the view. 
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	Zoom to active layer:

Zoom to the spatial extent of the active theme in the view.
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	Back to last extent:

Zoom back to the previous extent. Unavailable until users have changed extents. 
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	Pan:

Allows users pan the view by dragging the display in any direction with the mouse.
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	Pan to north (not available in this module)
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	Pan to south (not available in this module)
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	Pan to west (not available in this module)
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	Pan to east (not available in this module)


3. Query
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	Identify:

Lists attributes/information on one feature of map, click on lines or polygon for active theme to view the database record.
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	Query:

Allows users to search for the map features/information based on a query expression on the active theme database and displays the results in a table. Notice: the query expression is case sensitive.
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	Find:

Enables users to find map features/information with an attribute value matching a string that the user type when a theme is active for fields in the database. Notice: the string is case sensitive. 
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	Measure:

Allows users to measure distances on the map viewer.
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	Set units:

Sets the map viewer units for the measure tool, i.e. feet, meters, and kilometers.
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	Buffer:

Selects the features of one map layer that are within the specified buffer distance of selected features of another layer. 
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	Select by rectangle:

Select a rectangle area and view the features from the database for the active theme.
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	Select by line/polygon: (not available in this module)
Select either lines or polygons and view the features from the database for the active theme.
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	Clear selection:

Enables users to clear a rectangle or section from selected region of the active theme.


4. Project
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	Print:

Prints the map to user’s default printer. 


Estimated time for Learning Module Completion 

The learning module may be broken up into 2 sections.  Each section will likely require 30~45 minutes. These sections are readily identifiable.

Introduction to this GIS Learning Module

This document, combined with the specified free software and data is an educational product of the NSF-ATE project, “A Scalable Skills Certification Program in GIS.”

The intention of this learning module is to introduce some GIS technology and features to high school-age students through the use of a population learning module on human geography/social science.

A standard desktop computer, including mouse, monitor, and keyboard is required for this learning module.  To download the application software and data for this learning module, an Internet connection will also be required.  Once the relevant software and data are obtained, the user will no longer be required to be connected to the Internet unless he/she would like to participate in some optional learning activities.

GIS Learning Module Audience
This learning module is intended for high school level students (9th through 12th grades).  Generally, this learning module is presented with guidance from an educator, parent, or community member.

Besides offering an introduction to Geographic Information Systems (GIS), this learning module addresses certain educational content standards provided by the National geography standards and the California State Board of Education.  This information was provided in Education Content Standards in the GIS Learning Module Summary above.

Description of GIS

Geographic Information Systems or GIS are the technological tools to store, query, analyze, and visualize spatially-associated data. 
It is an area of phenomenal growth.  Applications of GIS exist in almost every level of industry and government.  Some applications include resource management, fleet asset tracking, mapping and maintenance of networks and grids, sales and market analysis, and environmental monitoring.  New uses for GIS are always being developed and its usage is becoming increasingly widespread.  In fact, if you have used a computer-based, Internet-based, or GPS-based map, you have probably used a simple GIS tool! 
With the expansion of GIS's utilization, there is and will continue to be a significant shortage of trained and talented people to envision, implement, and operate the future applications of GIS. 
With the cooperation and support of the National Science Foundation's Advanced Technological Education program, San Diego Mesa College, San Diego State University, the San Diego City School District, GIS industry leaders, and community members this project and program was proposed to address this great need by preparing motivated individuals for a rewarding career in GIS with the fundamental knowledge and skills to succeed. 
Read more about GIS at our project Website: http://geoinfo.sdsu.edu/hightech.

Description of the Research Project

A major goal of this new project includes facilitating and articulating a comprehensive program of GIS education for students in the high school, junior college, and 4-year college levels.

This project is one of many initiatives to foster a technologically-literate 21st Century labor force.  GIS usage continues to expand at a significant pace in all sectors of industry and government.  Correspondingly, there is a current and growing need for GIS technicians and GIS education/training.  Ultimately, this program was funded to address these needs.

To learn more about the project and research-related activities, please visit our Research page on the project Website.  To learn more about the anticipated and significant labor shortfall of skilled-and-trained GIS technicians, please visit our What is GIS? page and click on “Why is GIS Valuable?” on the project Website.  The project Website is accessible at http://geoinfo.sdsu.edu/hightech. 
Comments, Suggestions, and Inquiries
If you have any comments or suggestions for this learning module module, our project Website, or our research, please contact any of the individuals at the end of this guide or at our Contacts page on the project Website.  We greatly appreciate your input!

Additionally, please let us know if you are interested in participating in our research in any way.  We are especially interested in collaborating with high school students and educators.
Disclaimer

The project research team, our sponsoring organizations and institutions, and our affiliates are not responsible for any errors, omissions, or misrepresentations on the learning module modules or project Website.  If you come across anything that you have questions or concerns about, please let us know through your comments or suggestions so we can promptly address the matter.  Thank you for your assistance.

Contacts
Ming-Hsiang (Ming) Tsou, Ph.D.

Co-PI: A Scalable Skills Certification Program in GIS

Associate Professor

Geography Department, San Diego State University
San Diego, CA 92182


TELEPHONE: 1 619 594 0205

EMAIL : mstou@mail.sdsu.edu


Hi!  Dear students, welcome to learning module 3: Why is population increasing at different rates in different countries? Today we will find answers for last learning module and learn more. 
*******************************************************************************************************************
Section 1 – The Demographic Transition
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 Demographic Transition
1. A process changes in natural increase, fertility, and mortality rates at different times and at different rates. 

2. The process is irreversible.
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(Source: James M. Rubenstein, The Cultural Landscape: An Introduction to Human Geography, 7th Edition, Prentice-Hall, 2002)
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(Source: http://www.globalchange.umich.edu/globalchange2/current/lectures/human_pop/demotran.gif )

Figure: Two figures of the demographic transition
3. Four Stages (Shown In Above Two Figures): 
I. Stage 1 : Low Growth
i. Crude birth and death rates varied considerably from one year to the next and from one region to another. 
ii. CBR roughly equals to CDR so natural increase rate was essentially zero.

iii. Earth’s population was unchanged.

iv. Population depends on food availability: hunting and gathering for food.

v. Agricultural revolution (8000 B.C.): world’s population began to grow by several thousand per year because human beings first domesticated plants and animals. However, the food supplies were still unpredictable because of climate condition, war, and disease. 
vi. Most of human history was spend in this stage. 

vii. Today no such country remains in this stage.

II. Stage 2: High Growth
i. Crude death rate suddenly plummets, while the crude birth rate remains roughly the same as in stage 1 so population grows rapidly.
ii. Industrial Revolution (1750): New machines transformed the process of manufacturing goods and delivering them to market. Farmers increase agricultural production and feed more people to work in factories, producing other goods and generating enough food for the industrial workers. The wealth produced by Industrial Revolution was also used to improve sanitation and personal hygiene. As a result of these public improvements, people were healthier and therefore lived longer. 

iii. Countries in Europe and North America entered this stage about 1,800 because of Industrial Revolution. 

iv. Most countries in Africa, Asia, and Latin America entered stage 2 around 1950 because of medical revolution. Medical revolution invented in Europe and North America diffused to LDCs and enabled more people to experience longer and healthier lives. 
Step 1: Find countries which remain in stage 2 of the demographic transition 

a. Launch the web browser and type http://geoinfo.sdsu.edu/Website/Population2_3/viewer.htm and you will see the new ArcIMS HTML Viewer named as Population Rates. (Notice: The address is Population2_3. There is a “_” between Population2 and 3.)
b. Make “CBR” Visible and notice high “CBR” areas. Please switch [image: image35.png]


 to see the grouped layer list and the legend in the rest of the learning module. 
c. Make “CDR” Visible. Please notice high “CDR” areas.
d. Make “NIR” Visible, Please notice high “CDR” areas. 

e. Make “Country Names” Visible and Active and answer the following question.
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Q: Based on above findings, which continent has most countries in stage 2 of the demographic transition? Why? 
III. Stage 3: Moderate Growth
i. Crude birth rate begins to drop sharply while crude death rate continues to fall but a much slower than in stage 2 so the population continues to grow but in smaller rate. 
ii. Crude birth rate declines because of changes in social customs. First, the infant mortality rate was declined in stage 2 but many years elapsed before people reacted by conceiving fewer babies. Second, more people lived in cities rather than in the countryside. Farmers need more children to be assets. In contrast, children lived in cities are prohibited from working in most types of urban jobs. In addition, urban homes are relatively small to accommodate larger families. 
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Q: Using the data from the map and legend. Write down two countries remain in the stage 3 and explain your reasons? 
IV. Stage 4: Low Growth
i. Zero population growth (ZPG): 
a. First definition: crude birth rate declines to the point where is equals the crude death rate, and the natural increase rate approaches zero. 
b. Second definition: the total fertility rate (TFR) results in a lack of change in the total population change over a long term. A TFR of approximately 2.1 produces ZPG. 

ii. First, more women enter the labor force market rather than as a full-time homemakers. Second, people have access to a wider variety of birth-control methods. Third, with increased income and leisure time, more people participate in entertainment activities that may not be suitable for young children. As result, crude birth rate declines. 
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Q: Using the data from the map and legend. Write down two countries remain in the stage 4 and explain your reasons? 

4. Several Eastern European countries have negative natural increase rates. Higher death rates have resulted from inadequate pollution controls, while lower birth rates have resulted from very strong family-planning programs and deep-seated pessimism about having children in an uncertain world. 
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Q: What kind of ArcIMS tool functions can you use to know which countries in Eastern European have higher CDR than CBR? Please write down tools you use and your result?
[image: image41.png]


Q: Complete the following table by utilizing ArcIMS fool functions. Please compare every population rate. If the population rate is highest in some stage, please check it. In addition, please write down one country representing its demographic transition stage. 
	POPULATION RATE
	STAGE 1
	STAGE 2
	STAGE 3
	STAGE 4

	Crude birth rate
	
	
	
	

	Crude death rate
	
	
	
	

	Natural increase rate
	
	
	
	

	Total Fertility rate
	
	
	
	

	Infant mortality rate
	
	
	
	

	Life expectancy
	
	
	
	

	One represented country
	None
	
	
	


Section 2 – Population Pyramids
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 Population Pyramids
1. Population in a country is influenced by the demographic transition in two principle ways: the percent of the population in each age group and the distribution of males and females. A country’s population can be displayed by age and gender groups on a bar graph called a population pyramid.
2. Formula:
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3. A population pyramid shows the percentage of the total population in five-year age groups.
4. Youngest groups (0-14 years old) at the base of the population pyramids and the oldest group at the top. 

5. The length of the bar represents the percentage of the total population contained in that group. 

6. Males are shown on the left side and females on the right. 

7. The shape of population pyramids is determined primarily by the crude birth rate. 

I. A population pyramid in stage 2 of the demographic transition.  
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II. A population pyramid in stage 3 of the demographic transition.
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III. A population pyramid in stage 4 of the demographic transition.
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 Age Distribution
1. The age structure of a population is extremely important in understanding similarities and differences among countries.

2. Dependency Ratio: The number of people who are too young (age of 0-14) or too old (65-plus) to work compares to the number of people in productive years (15 to 64 years old). 

3. Formula: 
      number of people under age 14 and above age 65 / number of people age 15 to 64 * %
4. The larger the percentage of dependents (people of age of 0-14 and 65-plus), the greater the financial burden is on those who are working (age 15-64) to support dependents. 
Step 1: Compare spatial patterns of three age groups
a. Do not make “CDR” and “Country Names” Visible and make “Under age 15” Visible. 
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b. Do not make “Under age 15” visible and make “Age 15 to 59” Visible. (Notice: The GIS data layer used here is the group of age 15 to 59. The age group used in the textbook is age 15 to 64.) 
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d. Do not make “Age 15 to 59” Visible and make “Age 60 and older” Visible. 
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Q: Using the data from the map and legend. Compare spatial patterns of three age groups.  
Step 2: Comprehend the relationships of three age groups and the dependency ratio
a. Do not make “Age 60 and older” Visible. 

b. Make “Dependency Ratio” Visible and Active and answer the following question. 
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Q: The dependency ratio for Germany (60.33) and Indonesia (60.61) is similar. Can you only consider dependency ratio to judge two countries are at the same population transition stage or have the same population pyramid? Why?
[image: image54.png]


 Sex Ratio
1. The number of males compares to per hundred females in the population. 
2. Sex ratio depends on birth and death rate. 

I. Generally, slightly more males are born than females.

II. Males have higher death rates because of war, violence, and immigration.

III. Women live longer:
i. In MDCs, more older females than older males

ii. In LDCs, more younger males than females but more older females

Step 3: Observe distribution of the sex ratio and male/female life expectancy
a. Do not make “Dependency Ratio” Visible.
b. Make “Sex Ratio” Visible. 
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c. Do not make “Sex Ratio” Visible and make “Male Life Expectancy” Visible.
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d. Do not make “Male Life Expectancy” Visible and make “Female Life Expectancy” Visible. 
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Q: Using the data from the map and legend. Write down the sex ratio of the Untied States and compare it with the male and female life expectancy.
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Q: Using the data from the map and legend to complete table below. Please compare different population rates and write down H for the higher rate and L for the lower rate and find out one of their represented countries.
	POPULATION RATE
	MORE DEVELOPED COUNTRIES
	LESS DEVELOPED COUNTRIES

	Crude birth rate
	
	

	Crude death rate
	
	

	Natural increase rate
	
	

	Total fertility rate
	
	

	Infant mortality rate
	
	

	Life expectancy
	
	

	Percent of age 0-14
	
	

	Percent of age 65-plus
	
	

	Male life expectancy


	
	

	Female life expectancy


	
	

	One represented country
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Q:  Now you observe many spatial patterns of population rates. Can you tell me which layers look similar or opposite? In addition, can you apply knowledge and skills learned in this module and tell me why does Denmark have a higher crude death rate than Mongolia? Why does the United States have a higher crude death rate than Mexico and every country in Central America?
After you finish above questions, it is time to say Goodbye. I enjoy learning much population knowledge with you and look forward to seeing you again.  
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Crude death rate starts plummeting.





High crude birth rate is roughly as same as in stage 1.





Crude birth rate drops sharply.





Crude death rate continues to fall.
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