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Abstract.  A set of three internet mapping activities, collectively called “Learning about Soils, 
Biomes, and Climates,” is now available on the University of Northern Colorado Geography 
website. This began as a class project by an undergraduate major, with the goal of creating 
simple map layers that illustrated spatial relationships among biomes, major climate types, and 
generalized patterns of soil fertility. Targeting introductory world geography courses (typically 
taught in grades 6-9), the activities provide students practice in spatial thinking skills. The 
development process eventually included two geography professors—one knowledgeable in 
geographic education and the other in ArcIMS—who clarified the design of the activities and 
internet map symbolization, respectively. In addition, an improved GIS database was developed. 
The activities were then refined and classroom tested by two experienced secondary teachers. 
The process provides a useful model for development of workable and effective internet 
mapping activities for K-12 use. 
 
 
Introduction 
 
 This paper describes the process leading up to and the creation of a series of short internet 
mapping based exercises that examine spatial relationships among biomes, major climate types, 
and generalized patterns of soil fertility.  The project began when a senior geography major 
sought to combine two projects that were required in separate courses in which he was 
simultaneously enrolled. The student, himself concentrating in Geographic Information Science 
(GISc), was in both an Advanced Cartography course and an upper-division workshop course. 
The latter course is aimed primarily at students seeking licensure for teaching elementary grades 
or secondary social studies; its goal is to foster pedagogical content knowledge in preservice 
teachers (see Shulman 1987). It is, however, open to any interested geography major. 
Assignments in the workshop course are designed to give undergraduates practice creating 
effective geography activities for K-12 classrooms. The main learning outcome for the workshop 
course is for students to gain experience with the inquiry-based mode of teaching geography (in 
the sense of Hill et al. 1992). The nucleus of the inquiry method is to teach essential, standards-
based geography content (e.g., GESP 1994; CDE 1995), employing student-centered activities 
that lead to discovery of geographic concepts through the exercise of spatial thinking skills (see 
Gersmehl 2009). 
 Within a few weeks the two geography professors and student agreed to class projects 
whereby the student would create an ArcIMS website and associated database on world soils and 
soil fertility for the Advanced Cartography course.  In addition, he would create an associated 
learning exercise for the course for designing spatial thinking activities.  Ultimately, what started 
out as undergraduate assignments resulted in significant website, database, and learning activity 
modifications, and an expansion of the project to include secondary teachers and students.  The 
project, entitled Learning about Soils, Biomes, and Climate: Activities for Secondary Students 
can be found at: http://geography.unco.edu/sbc.  
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 The initial idea for the project arose from an experience the student and one of the 
professors had shared during the previous semester, in another course on Resource Management. 
In that course an activity presenting generalized global patterns of soil fertility was used to 
introduce a unit on world agriculture and soil management issues. In the activity, students 
compared two maps, one of world climates (a typical Köppen-system classification of world 
climate, see for example Veregin 2005) and the other of global patterns of inherent soil fertility. 
The resource for the latter pattern was a map adapted from a highly generalized map created by 
Chesworth (1982). That original map had employed an unusual and idiosyncratic projection that 
made it difficult to spot spatial associations between soil characteristics and climates. Some years 
earlier, for a set of inquiry activities aimed at secondary students (Hill et al. 1995), the Resource 
Management professor had redrawn Chesworth’s data onto a more standard Robinson projection 
to facilitate comparison of the spatial patterns. World regions of soil fertility were classified by 
Chesworth simply into four categories: areas of high and low “inherent fertility,” areas “where 
potential fertility is great but unrealized through too little weathering or too little water” (i.e., 
climates too cold or dry), and areas “originally very fertile but with problems arising from 
overuse” (principally around the Mediterranean and Meso-America). During the Resource 
Management course, the student noted that some of the spatial associations were still difficult to 
identify, because the redrawn map had not been properly georeferenced. The project’s goal was 
thus to create an understandable and cartographically correct set of maps through which students 
could discover broad connections between soil fertility and world climate. With the advent of 
accessible internet mapping through ArcIMS since the origin of the activity, it made sense to use 
GIS to facilitate discovery of these spatial associations, which are essential for understanding 
world agriculture. 

As the project evolved, a goal was to create a series of short exercises that looked at 
world biomes, major climate regimes, major soil groups (according the United Nation’s Food 
and Agriculture Organization—FAO), and relative fertility of those soil groups.  While each of 
these could be examined separately, the primary objective was to get students to look at and 
understand the spatial associations of these factors.  Another key part of the project was to keep 
it simple.  The internet mapping website and an associated learning activity was initially 
developed by an undergraduate student with only limited ArcIMS experience.  Limitations in the 
ArcIMS (9.1 and 9.2 versions) software itself meant that exercises would consist mostly of doing 
very simple operations, such as doing selections, clicking layers off and on, and identifying 
attributes.  Significant amounts of customization were out of the question.  Given our audience 
of secondary students and teachers with little or no GIS experience, simple exercises that could 
be done quickly were appropriate. 

Incorporation of GIS as an exploratory tool can help students obtain a better grasp of 
spatial association and can be a key tool in problem-based learning (Bednarz 2000; Keiper 
1999).  Baker (2005) has suggested that at the K-12 level internet-based GIS is a likely and 
logical replacement for the current desktop-based GIS that many schools have adopted.  Internet-
based GIS has many advantages over the more computationally gifted desktop-based GIS.  
Internet-based GIS’s simple interfaces, lack of cost (at least to the end user), ease of use, and 
simple functionality would appear to meet the needs of most K-12 teachers who seek basic 
capabilities with a fast software learning curve.    

The use of web-based learning is ubiquitous across the K-12 curriculum.  In 1999 an 
entire issue of the Journal of Geography was devoted to web-based geography education (Sui 
and Bednarz 1999).  Articles in the issue found: that computer assisted learning had a rich 
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history in geography education (Hill and Solem 1999); That in many ways the web is a natural 
portal for examining the varying scale relationships of a place or region (Aitken 1999); Internet 
based learning of geography within a constructivist-problem solving context has great potential 
(Hurley, Proctor, and Ford 1999); Web-based “collaborative learning opens up an important 
window of pedagogy, especially if students are armed with the conceptual tools they need to 
appraise web pages” (Warf, Vincent, and Purcell 1999, 147); and that it is possible to create 
successful Virtual Geography Departments (VGD) that provide students with successful 
alternative forms of learning (Ludwig 1999; Foote 1999).  Clearly, web-based learning is and 
will be a key element of geography education for the foreseeable future.  Another axiom in 
geography education is that maps are important.  Maps offer students the visual evidence of 
spatial association.  Whether they be hand drawn or computer produced, interactive maps 
provide for a more dynamic map use that is better suited for employment in inquiry-based 
education.  The addition of internet-based GIS to the suite of web-based learning capabilities was 
a commonsense next step in improving the pedagogical strength of web-based geography 
lessons. Moreover, recent developments in the analysis of brain functioning make it clear that 
using maps to discover spatial associations or correlations is an essential element of spatial 
thinking that should inform materials design for geography education (Gersmehl and Gersmehl 
2006). 
 Indeed, there are numerous inquiry-based learning websites on the web that incorporate 
internet-based GIS and mapping.  Baker (2005, 45) notes that internet based maps can be 
grouped into two categories.  Atlas style internet mapping sites such as the National Atlas 
(www.nationalatlas.gov) provide an expansive approach to internet mapping but seldom serve 
“an explicit and well–defined K-12 curriculum or specific curricular project” (Baker 2005, 45). 
Collaborative internet mapping sites that allow students to submit data and view the results 
(along with other students around the country) embody a second approach to providing 
interactive mapping over the web.  Websites such as www.patherfinderscience.net and 
www.kangis.org are much more focused than atlas style internet mapping sites.  For example, the 
KanGIS: K-12 GIS Community project (www.kangis.org) includes a student data mapper where 
students can submit information ranging from their favorite fast food to where they think Osama 
bin Laden might be.  It is important to recognize that both of these approaches to internet 
mapping require a significant amount of technical skill for website development, and that 
multiple internet mapping services may be needed for many systematic topics.  Furthermore, an 
evaluation of internet mapping sites (like the ones mentioned above) will show a wide range of 
cartographic quality—something that may be of importance in effective communication to the K-
12 audience.      
 
Collaboration 
 
 As the “student project” evolved toward a much larger audience it became apparent that 
we would need to include secondary teachers and students.  The authors' previous experience has 
shown that a collaborative approach was needed between those creating the internet mapping 
learning activities and K-12 teachers (Diggs and Klein 2004b; Klein and Diggs 2004a).  The 
need for collaboration in materials development among geographers and teachers is not a new 
idea.  Dunn (1992) provided a detailed model of the development process of grant funded 
geography educational materials. Part of that model notes the importance of teacher and student 
involvement in the development and adoption process. 
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 Figure 1 details the collaborative process that was included in this project.  The 
undergraduate student created an ArcIMS website and associated database for his Advanced 
Cartography class.  In the course for 'preservice' teachers, the student produced a term paper that 
described the ArcIMS development process and a conceptual plan for the development of a 
learning activity with inquiry questions, objectives, key concepts, and learner assessment ideas.  
The three of us (two professors and then-undergraduate student) frequently talked, with 
suggestions and feedback going in all directions.  By the end of the spring 2007 semester the 
undergraduate student had a nice draft of the ArcIMS website and some good ideas on the 
development of learning activities that would relate soils to biomes and soil fertility.  In addition, 
he had properly identified some non-correlation issues with the GIS database (discussed in next 
section).   
 
 

     
 
 Soon after the end of the spring 2007 semester (and the student’s graduation) we 
discussed the possibility of publishing the project on the department’s website with some 
associated learning activities.  Through early 2008 the university professors improved the GIS 
database, expanded the ArcIMS website to three separate sites, and created a portal website with 
hyperlinks to the ArcIMS websites.  We felt that we needed to separate the initial ArcIMS 
website into two websites to assure that the number of display layers did not overwhelm the user.  
In addition, we added a third ArcIMS website that focused solely on climate/biome associations.  
Although the former student was now working for a consulting firm in Denver, he was still in 
involved in these revisions.   

Figure 1.  Collaboration 
approach. 
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 It was at this point (spring 2008) that two secondary teachers were contacted by the 
geography education professor.  A series of classroom tests of the activities were conducted by 
the secondary teachers; this process is described in a later section of the paper.  Both professors 
corresponded (via email) with the teachers, who suggested numerous improvements to the 
ArcIMS websites, the project portal website, and the individual learning activities.  Most of these 
suggestions were incorporated into the final products by late 2008.  Major changes that came out 
of the collaborative process included the integration of climate into the biomes/soil fertility 
activities.  In addition, the secondary teachers believed it was important to have a glossary 
section.  A general glossary of terms was added that included hyperlinks to three other created 
glossaries: World Reference Base for Soils (WRB) soil groups, climates, and biomes. 
 
Database Needs and Website Design 
 
GIS Database 
 Database needs for the ArcIMS websites included: a simplified biomes layer, general 
reference layers (country outlines, lat.long, etc.), a generalized climate layer, and two soils layers 
(soil types and soil fertility).  The biome layer was relatively easy to create.  The initial database 
came from the World Wildlife Fund (2007).  The large number of specific biomes in this 
database were merged into a smaller number of more generalized biomes.  A simplified climate 
layer was digitized from the visual inspection of a number of world climate maps.  This may 
sound somewhat inaccurate, but remember that the goal was to only show broad patterns and 
associations.  A detailed and precise climate map simply wasn’t needed.   

Dealing with soil types and soil fertility, however, presented several challenges.   
Soil fertility is difficult to generalize.  Initially, the undergraduate student used the United States 
Department of Agriculture Soil Taxonomy system to create a shapefile of approximate soil group 
categories outside of the United States.  He attempted to correlate the U.S. system with the WRB 
and then assign ordinal rankings of soil fertility to each category:  a valiant attempt and an effort 
that resulted in maps that appeared to be generally correct.  In fact, the undergraduate student 
noted in his assignment term paper that this matching process was a weakness and, perhaps, 
inaccurate.  As the project evolved toward a larger audience, we decided that we should rework 
the database to use only the WRB as our soil group database. 
 The WRB was developed in 1998 and currently includes 30 soil groups based primarily 
on soil morphology.  The WRB replaced the 1988 Soil Map of the World, which replaced the 
1974 Soil Map of the World (26 soil groups).  The closest measure of soil fertility we were able 
to find was that of soil suitability for agriculture (Van Velthuizen, et al. 2007).  We took this 
verbal rating of soil suitability for agriculture (Van Velthuizen, et al. 2007: 11), and converted it 
to a 10-point ordinal ranking that approximated soil fertility.  Van Velthuizen’s study, however, 
uses the 1988 Soil Map of the World with 26 soil groups.  This map does not correspond exactly 
with 1998 WRB database both in terms of some soil groups and the addition of four more soil 
groups.  Thus, we had to rectify differences between the two databases. 
 
 
 
Websites 
 Initially one ArcIMS website was designed for the project by the undergraduate student.  
Ultimately, this was expanded to three ArcIMS websites and three ArcIMS services.  These 
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support three learning activities: Biomes and Climate, Biomes and Soil Fertility, and Soils and 
Biomes.  Previous experience with a more extensive project on the historical geography of 
Colorado forced us to develop nearly 20 ArcIMS websites and services to avoid overly cluttered 
(with an excessive number of layers) internet mapping web pages (Diggs and Klein 2004).  Thus, 
a disadvantage of using ArcIMS for internet mapping is the often practical need to split the 
database layers among multiple websites and/or services.   
 
 

                                                      
        Figure 2.  ArcIMS website for the first learning activity. 
 
 It was clear that we would need a portal website that provided teachers and students 
access to the ArcIMS websites and related materials.  Eventually, with feedback from secondary 
teachers and students, seven web pages were created:  1) an entry home page (see Figure 3); 2) a 
teacher page that included links to the ArcIMS websites, learning activities, learning activities 
with key, and a quick guide to national and Colorado geography standards that are addressed in 
the learning activities; 3) a links and references page; 4) an interactive glossary of terms; 5) a 
biome description page with representative photos; 6) climate description page with location 
maps; and 7) a document that briefly and simply explains the WRB system of soil groups.  

 ArcIMS web pages 
were created with only 
minimal amounts of 
customization.  Figure 2 
shows the ArcIMS web page 
for the first learning activity.  
The design is similar to the 
ArcIMS Designer default 
page.  For the most part, only 
minor font, text, and color 
changes have been 
implemented.  In addition, 
two .gif files were added; 
one identifying the 
university, the other a small 
globe. 
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Learning Activities 
 
 Three learning activities were created: Activity 1: Climate and Biomes, Activity 2: Biomes 
and Soil Fertility; and Activity 3: Soils and Biomes.  Each activity was developed with secondary 
teacher and student feedback and the intention that a given activity could be completed in one 40 
minute class period.  We suggest that teachers complete the activities in order. We realized that if 
teachers chose to complete all three activities that it was possible that the three class periods 
might be spread out over a period of weeks.  Thus, to remind students of the navigation process 
each activity included a section on ArcIMS web page use (e.g. Figure 4). 
 

Figure 3.  Project 
portal website. 
 
Note that the portal 
web page has a 
simple design, is easy 
to read and easy to 
navigate.  Linked 
web pages (Teacher, 
Glossary, Links) 
have a comparable 
simplistic design. 
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 Collectively the three exercises include a number of question formats.  These include 
multiple choice, table fill in, matching, fill-in-the-blank, and short essay.  During the activity 
development process it became clear that the spatial associations that we wanted students to 
make would, at times, be challenging.  Soils geography is an exceedingly complex field.  Our 
project attempts to use soil group categories that are much generalized, and that don't align 
perfectly with simplified biomes.  Much of the data (biomes, soils, etc) used for the project is 
continuous (rather than discrete).  This results in inexact boundaries between categories and 
boundaries that likely blend from one category to another.  Thus, our reworking of the data 
inherently creates generalizations of spatial associations and correlations.  Spatial association 
among soil group, biome, and soil fertility do exist, but, the correlations are not perfectly linear 
and even the trained eye could frequently miss the correlations among soil fertility, climate, and 
biomes.  It was necessary to craft questions carefully.  All the activities occasionally include 
zoomed-in maps to guide students toward what they should be looking at (e.g. Figure 5). This is 
a process called “guided inquiry” in that the activities lead to discovery of important geographic 
concepts through the exercise of data analysis and spatial thinking skills, but extensive 
scaffolding of the activities is necessary to guide secondary students to these discoveries (Klein 
1995).    
 

Figure 4.  Activity 3, First 
page that describes ArcIMS 
website navigation. 
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. 
 The first two activities (Activity 1: Climate and Biomes, and Activity 2: Biomes and Soil 
Fertility) focus on the association between their title variables.  Activity one includes a fill-in-
the-blank table.  This table lists major biomes which students are then asked to identify the 
corresponding climate(s).  Hints are given to students where the climate-biome associations are 
less than obvious.  In activity two, students research soils and soil-forming factors.  They then 
are asked to find spatial associations between good/poor soil fertility areas and biomes.  The 
third activity (Soils and Biomes) is more purposeful and which we consider an optional advanced 
activity.  This activity attempts to bring all four variables together: climate, soil fertility, biomes, 
and WRB soil groups.  It looks at specific WRB soil groups through a number of brief case 
studies.  For example, the fertile Kastanozems and Chernozems soils in Eurasia are found in a 
Midlatitude Steppe climate, which is an example of a Steppe biome.  Other quick case studies 
look at Central Africa and the Amazon Basin. 
 
Testing 
 
 The final revision of the materials involved classroom testing of the activities and 
website.  A recently retired teacher, with many years of experience teaching in middle-school, 
was hired to develop the activity ideas into a format usable in the secondary classroom.  It should 
be noted that she had participated in several professional development opportunities offered by 

Figure 5.  Activity 3, page 4 
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the Colorado Geographic Alliance since 1990; in fact she was one of the teacher-developers in 
the secondary inquiry materials project mentioned earlier (Hill et al. 1995).  She took the activity 
ideas created by the student and specific examples of spatial associations defined by the 
geography professors and edited the draft activity worksheets to better guide secondary students 
through the maps.  She called the website “the best, most friendly GIS lesson” she had ever used, 
commenting that it meets both geography and earth science standards, making it useful both in 
middle-school social studies and science curricula.  She explained that the final activity, linking 
soil fertility to soil groups, would probably be too advanced for the target grade levels, since 
little is covered about soil characteristics and pedogenesis throughout these grades. On the 
worksheets, she identified specific ideas for improvements and provided ideas for assessments 
and culminating activities for teachers.  

A colleague of hers (also an alumnus of numerous Alliance projects) then test-taught the 
activities in his 9th-grade geography course at a high school in the Denver-Boulder suburbs. 
Results were very satisfactory.  He called Activities 1 and 2 “great introductions” but suggested 
limiting Activity 3 to just a handful of examples of the relationship to keep it from being too 
daunting to use.  Following the trial, he wrote: “The GIS component really kept kids engaged as 
they ploughed through the worksheets.”  He used a 5-paragraph essay as his culminating 
assessment, linking the activity to a literacy requirement. Having used the activities, the 9th 
graders were able to write about the factors that influence soil characteristics and associate three 
biomes to specific soil characteristics and regions.  Asked to comment on the experience, his 
students wrote that they liked the website’s “easy accessibility” and its “range of info,” calling it 
“better than a textbook.”  They learned that they live in a region with some of the world’s better 
soils, the limitations on agriculture in equatorial areas, and that climate change might improve 
the fertility of some northerly biomes.  Some were critical of the design: “Site could be more 
teen friendly, need more icons, buttons and cool stuff.”  Overall, however, the students enjoyed 
and learned from these internet-mapping activities. 

 
Conclusions 
 
 A collaborative approach among an undergraduate student, a GIS professor, a 
Geographic Education professor, secondary teachers, and secondary students was used to create 
a series of learning activities on the spatial associations of soils, soil fertility, biomes, and 
climate.  The project includes standards-based geography content and basic GIS mapping 
technology.  The active involvement of all participants resulted in dramatically improved 
websites and learning activities.  Pedagogical needs drove the authors' development of learning 
activities and cartographic decision-making in website development.  Cartographic and technical 
decision-making was often a process of compromise due to software and database limitations.  
Funding constraints and the goal of making the materials usable by teachers and students with 
limited GIS background compelled us to keep the websites and learning activities simple and to 
the point.  We found that given these constraints it was still possible to create learning materials 
that are pedagogically strong, have relatively appealing cartographic design, and are deemed 
valuable by secondary teachers and students. 
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