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For its first 25 years or so GIS was in the construction business.  It was building homes for 
applications, tools for businesses, and markets for services. When GIS grew up it became Geospatial 
Science ready to take on the world with all its new understanding, applications and world wide data 
resources.   Geospatial science has far superseded its adolescence and is now headlong into maturity 
competing in the information business.  

Similar to the evolution of the science it teaches, geospatial learning finds itself in an expansive 
market. Connecting student skills with market demand is the grist of the geospatial mill and 
tantamount to success.   Many who learned the geospatial art and science through work experience 
became geospatial teachers bringing their heritage of the science to the classroom.  That's OK for 
now.    But, there is an additional question. Who will be the next generation of geospatial science 
teachers?  Where will they come from?  Will they have the benefit of long rich  experience to handle 
the molecular demands of new geospatial students;  geospatial science students  who are immersed 
in piping hot menus of information and hungry for the answers to questions of global proportions? 

There is a frenzy of excitement in the air as all of us consider the possibilities but there is also a 
certain nagging anxiety about how to be prepared for the next geospatial science innovation?  Will 
the teacher be as ready as the student to tackle the next geospatial challenge?   We're fortunate to 
have a few good references to help quiet the nerves and help us keep track of where geospatial has 
been as well as help us understand how we can prepare others for where geospatial might go.   

 

Just before ESRI entered the software business with ArcInfo in 1982, the character Yoda in Star Wars: 
Episode V - The Empire Strikes Back (1980) offered an admonition about learning.  

"Ready are you? What know you of ready? My own counsel will I keep on who is to be trained. A Jedi 
must have the deepest commitment, the most serious mind. This one a long time have I watched? All 
his life has he looked away... to the future, to the horizon. Never his mind on where he was.  You 
must unlearn what you have learned. "  

 

.... There's no classroom for ready.   
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Geospatial science. 

 Geospatial analytics.  

Geospatial indicators. 

 Geospatial events.  

Geospatial behavior.  

 

Geospatial behavior ... Lets see. 

 

Geospatial behavior of disaster 

Geospatial behavior of disease 

Geospatial behavior of weather 

Geospatial behavior of economies 

Geospatial behavior of agriculture 

Geospatial behavior of water 

Geospatial behavior of energy resources 

Geospatial behavior of environment 

Geospatial behavior of human development 

 

This is it.  This is the real deal.  It is science, technology, engineering, and mathematics all in one 
wrapper. 

 

To be ready, no matter when, we'll need to teach geospatial students to teach themselves.  Take the 
seeds of some good geospatial ideas and harvest the outcomes to develop the next seeds for the 
next harvest using new tools in new places with new references with new media using new 
imagination to create and succeed.  
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An important reference describing the geospatial science is titled "Teaching Geographic Information 
Science and Technology in  Higher Education". (Editors David Unwin, Nicholas Tate, Kenneth Foote 
and David DiBiase, 2012).   Among the contributing authors,  Richard Schultz of Elmhurst College sets 
the geospatial science table saying "Few can have a complete appreciation for the development of 
their disciplines  without fully understanding why the discipline developed as it did. The implication 
for geospatial academia and the commercial GIS and T (Geographic Information Science  and 
Technology)  community is that we, as a society, have currently attained a point where the objectives 
of the two pursuits have become divergent, thus defining the necessary distinction between the 
traditional study of geography as a  human and cultural discipline and the scientific study of 
geospatial information technology as a true science."  

Stemming initially from the challenges and opportunities of integrating advanced geospatial 
technologies into college and university programs, the book documents how GIS&T scientists have 
been leading the way in the development of web-based instructional materials, distance education, 
professional training and certification.  

So what? There are significant opportunities and challenges in geospatial education. 

So, live and direct from a web server near you is ( Ta Da ! ) geospatial science. How do you learn it? 
How do you teach it? We've got some ideas about that inspired by both experience and curiosity.  

But first another book.  

Five other authors collaborated on the 2010 book "How Learning Works - Seven Research Based 
Principles for Smart Teaching".  Chapter Seven asks the question "How Do Students Become Self 
Directed Learners".   Think geospatial science as you hear what follows from the stories about the A 
student and the hamster wheel.  ( Quote ) "To become self directed learners, students must learn to 
assess the demands of the task, evaluate their own knowledge and skills, plan their own approach, 
monitor their own progress, and adjust their own strategies as needed".  When you hear geospatial 
students think teachers too since both must learn to be ready.  

Let's run that by again in context.  To become successful in the geospatial science, people have to 
assess the demands of the task, evaluate their own knowledge and skills, plan their own approach, 
monitor their own progress, and adjust their own strategies as needed. 

   

"Ready are you?  

 

In 2010 the geospatial readiness assessment named the Geospatial Technical Competency Model 
(GTCM) was adopted by the  U.S. Department of Labor as a national standard ( 
http://www.careeronestop.org/competencymodel/info_documents/Geospatial_CaseSummary.pdf ) 
The GTCM was carefully written to document the occupational qualifications required of would be 
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geospatial warriors.  Intrigued by the ability of the GTCM to identify the knowledge required to 
become a geospatial professional, and intrigued by how it helped structure the curriculum, Colorado 
Front Range Community College adopted the GTCM for our geospatial certificate program. We 
rewrote the curriculum for all the geospatial courses to meet the GTCM standards.  Now, both 
teachers and students learn from common principles of geospatial science.  

Here's the seven courses we adopted. Our purpose is to contribute what we have learned so that 
others teaching geospatial science may be ready. The courses are listed in order of importance to 
businesses expecting students to be ready for geospatial science occupations. 

We'll emphasize three  ( \- ) of the several competencies for each course. There's at least one lecture 
possible for each so we'll be brief. 
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[1]  Remote Sensing  

Description:  

Introduce concepts and procedures used in remote sensing with an emphasis on integration of aerial 
and satellite data into GIS applications.   Apply the science of remote sensing and imagery 
interpretation to understand local to global earth observation characteristics based on remotely 
sensed data and logical interpretation.  

Learning Objectives (Competencies):  

Analyze the physics of electromagnetic energy applied to remote sensing information. 

\-Develop an understanding of the fundamental concepts involved in the capture, use, and 
interpretation of remotely sensed information. 

Examine evolution of aerial photography and satellite information.  

Describe sources and characteristics of remotely sensed data. 

\-Identify scientific methods and applications of multispectral imagery and Lidar. 

Identify sources and practical applications of microwave and radar remote sensing. 

\-Apply remotely sensed data to the interpretation of earth environments and resources. 

Interpret remotely sensed data with image analysis software. 

Discuss advantages, limitations, and applications of remote sensing data.  
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[2] Geospatial Web Services 

 

Description:  

 

The course develops student competency in web based geospatial information technologies. This 
course introduces students to concepts and processes of software based geospatial services to 
deliver geospatial information over networks. The course provides a comprehensive discussion of 
theory and applied technology of GIS software information services as well as integration of 
geospatial services into GIS applications.  

 

Learning Objectives (Competencies):  

 

\-Analyze the fundamental concepts of internet based geospatial services. 

Identify and discuss geospatial internet technology components. 

Identify the sources and practical applications of internet GIS. 

Evaluate application programming interfaces and development frameworks. 

Demonstrate the ability to perform geospatial applications programming to meet user requirements.   

Discriminate geospatial system architecture including desktop, server, and mobile applications. 

Classify geospatial system performance. 

Identify appropriate software development tools. 

\-Create geospatial software programs using programming languages. 

\-Demonstrate proficiency integrating geospatial services to GIS desktop software. 
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[3]  Geospatial Data Modeling and Analysis  

 

Description:  

Examine techniques for modeling and analyzing spatial data in a GIS. Topics include defining object 
models and geodatabases as they are used to access geographic data and build data models, 
creating new information from existing data through data classification, geoprocessing, 
presentation, and display and using raster analysis to display and analyze spatial data.   

 

Learning Objectives (Competencies):  

\-Identify the characteristics and the importance of statistical relationships in spatial data.  

Identify techniques for exploratory spatial data analysis. 

Create new information from existing data through geoprocessing and spatial data model 
operations. 

Relate GIS centric models to linked or model centric analysis. 

\-Analyze spatial analysis and modeling capabilities.  

Perform vector data processing 

Execute raster analysis. 

Perform surface visualization and analysis.             

Demonstrate the use of networks in data modeling and analysis. 

Perform point density analysis. 

Explore spatial autocorrelation.  

Distinguish geostatistics including spatial sampling, and  semi-variogram modeling. 

Discuss object models and topology using geodatabases. 

\-Model physical processes in terms of spatial relationships. 

Identify criteria for selection of static and dynamic models. 

Distinguish data models from  process models. 

Evaluate application criteria for selection of models. 
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[4] Geospatial Database 

Description:  

Develop methods and procedures for geographic information systems data, data management, and 
the complex relationships between data files and a GIS.  This course teaches several essential 
components and methods of successful data and project data management.  The objective is to give 
students a basic understanding of databases, how they are used in a professional GIS environment, 
and practical experience in designing and implementing the GIS database.  

 

Learning Objectives (Competencies):  

 

\-Characterize  essentials of data,  data base mechanics, organization,  storage,  and metadata 

Select data models - hierarchical model, network model, relational model, object model 

Develop spatial data models - raster models, vector models 

Explore relational data - structure of a relational database, matching data, archiving/retrieval 

Manage and organize spatial and attribute data, connect independent data, relate various file types 
and manage the database. 

Characterize  methods of geographic data layers, partitioning data, and classifying data 

Apply spatial editing and querying, editing attribute files and attribute query functions 

\-Identify data quality and integration problems associated with geospatial and attribute data 
acquired with legacy systems and processes 

Assess data quality 

\-Develop conceptual, logical, and physical models of a geospatial database designed in response to 
user requirements 
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[5] Project Management  

 

Description:  

 

Examine the relationships of   geographic information systems projects  to information technologies 
for organization planning and decision making. Course considers project business process, project 
management methods and roles of project participants.   

 

Learning Objectives (Competencies):  

 

Compare  GIS with information technology projects 

\-Review potential causes for GIS project  failure.  

\-Analyze GIS business process. 

Characterize  strategic plan / project relationship. 

\-Develop understanding of project lifecycle.  

Identify how to manage project scope. 

Develop GIS system requirements analysis. 

Examine  dynamics of project budget and schedule. 

Assess project qualitative and quantitative risks. 

Evaluate information access issues including intellectual property rights, liability 
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[6] Cartography 

 

Description 

 

Examines a broad range of map types, emphasizing maps as a communication system with both 
symbology and specific organizational hierarchies. Discussion and demonstration focuses on 
essential cartographic principles and practices used for designing maps, with emphasis on 
cartographic principles resulting in the effective map communication, qualitative messages, and 
quantitative information. 

 

Learning Objectives (Competencies):  

 

\-Define how maps tell a story. 

\-Critique the design of a given map in light of its intended audience and purpose. 

\-Recognize and discuss the primary elements of spatial data representation, especially data 
abstraction as it relates to a variety of map types. 

Demonstrate maps as representations of physical and human environments.  

Employ cartographic design principles to create and edit visual representations of geospatial data, 
including maps, graphs, and diagrams. 

Differentiate data considerations for mapping, including source materials, data abstraction 
(classification, selection and generalization), and map projections. 

Describe the content, limitations, and advantages of geographic scale. 

Recognize and explain the relationship between cartography and GIS. 

Define the characteristics and the importance of spatial data including data measurement levels, 
elementary statistical analysis, data classification, and fundamentals of geographic data. 

Apply the principles of graphic design, graphic hierarchy, and quantitative techniques used in 
thematic mapping.  

Analyze geographic information systems software. 

Gain exposure to GIS based cartography. 
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Demonstrate how the selection of data classification and/or symbolization techniques affects the 
message of the thematic map. 

Apply earth geometry and its approximations, including geoids, ellipsoids, and spheres. 

Evaluate georeferencing systems, including coordinate systems and datums, horizontal and vertical. 

Define data quality, including geometric accuracy, thematic accuracy, resolution and precision. 

Compose  data input, including field data collection, digitizing, scanning, and data conversion. 
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[7A]  Introduction to GIS 

 

Topical Outline: Description:  

Surveys the development, application and use of geographic information systems (GIS).   

 

Learning Objectives (Competencies):  

Use a computer and related GIS software  to input and retrieve information 

\-Define Geographic Information Systems 

Interpret GIS history 

Demonstrate understanding of the conceptual foundations on which geographic information 
systems (GIS) are based, including the problem of representing change over time and the 
imprecision and uncertainty that characterizes all geographic information 

Discuss the roles of several geometric approximations of the earth's shape, such as geoids, 
ellipsoids, and spheres 

Describe characteristics and appropriate uses of common geospatial coordinate systems, such as 
geographic (latitude .and longitude), UTM and State Plane Coordinates 

Explain the relationship of horizontal datums, such as North America Datum of 1983 (NAD 83) or the 
World Geodetic System of 1984 (WGS 84), to coordinate system grids and geometric approximations 
of the earth's shape 

Describe characteristics and appropriate uses of common map projections, such as Transverse 
Mercator, Lambert Conformal Conic, Albers Conic Equal Area, Azimuthal Equidistant, and Polar 
Stereographic 

Discuss the elements of geospatial data quality, including geometric accuracy, thematic accuracy, 
resolution, precision, and fitness for use 

Identify data quality and integration problems likely to be associated with geospatial and attribute 
data acquired with legacy systems and processes 

Calculate and interpret statistical measures of the accuracy of a digital data set, such as Root Mean 
Square Error (RMSE) 

Georeference a paper map or map image 

Recognize raster data structures 
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Recognize vector data structures 

Acquire and integrate a variety of field data, image data, vector data, and attribute data to create, 
update, and maintain GIS databases 

Edit GIS data 
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[7B]  Intermediate GIS 

 

Description:  

Builds on the spatial analysis principles and concepts of Introduction to GIS . Students work with 
advanced analytical tools and develop skills in spatial problem solving. 

 

Learning Objectives (Competencies):  

\-Define GIS data types and processes. 

Interpret conceptual and applied GIS uses of the relational data model. 

Compare advantages and disadvantages of standard spatial data models, including the nature of 
vector, raster, and object-oriented models, in the context of spatial data used in the workplace. 

Describe examples of geospatial data analysis in which spatial relationships such as distance, 
direction, and topologic relationships (e.g. adjacency, connectivity, and overlap) are particularly 
relevant. 

Identify sources of geographic data, principles of data transfer, and geographic data formats. 

Use geospatial software tools to perform basic GIS analysis functions, including spatial 
measurement, data query and retrieval, vector overlay, and raster analysis. 

Analyze earth geometry and its approximations, including geoids, ellipsoids, and spheres. 

Evaluate georeferencing systems, including coordinate systems and land partitioning systems. 

Differentiate datums, horizontal and vertical. 

Apply map projections. 

Perform vector data geoprocessing.   

Perform raster data geoprocessing.  

Define data quality, including geometric accuracy, thematic accuracy, resolution and precision. 

Apply principles of surveying, including numerical methods such as coordinate geometry, least-
squares adjustment, and network adjustments. 

\-Prepare data input, including field data collection, digitizing, scanning, and data 
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[] 

Where's this going?   The GTCM has assisted recognition of curriculum, quality of instruction, 
uniformity of learning experience, and employment market receptivity. 

 

Recognition of the Curriculum 

 

Before GTCM,  the college geospatial curriculum was an assortment of ideas from well intended 
contributors who brought their blended ideas to the curriculum table.  The course formulations were 
incomplete, ( with age ) obsolete, and vendor product specific. After GTCM, the curriculum was 
discipline specific, geospatial science based and comprehensive. A frequent question we confronted 
in the evolution of the program might be roughly stated as "What value is your certificate in the 
market place?"  We now can point to a national standard.  

 

Quality of Instruction 

 

Before GTCM, we used to get questions from college administrators who would ask "Do we really 
need to do spatial analysis in this course?" or "Can't you just use this established black and white text 
book to teach analysis of multispectral imagery?” After GTCM, the instruction expectations have 
been raised to the bar above textbooks to  questions about how to teach competency. We now ask 
what do we have to know to intercept student questions on this competency and meet those 
questions with substantive answers.   

 

Uniformity of Learning Experience 

 

Before GTCM, course content was made by an instructor and each instructor took their own collegial 
pathway with twists and turns of student learning.  After GTCM, the same objectives are set for each 
section of a course to insure students take away a uniform learning experience not dependent on an 
instructor but established by a standard.  
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Employment Market Receptivity. 

 

This is the nicest of the GTCM benefits. Before GTCM, recognition of program graduates was highly 
dependent on the company willingness to risk hiring students from the college.  After GTCM, 
program graduates carry confidence to the interview and employers respect graduates who are 
thoroughly prepared to take on geospatial business challenges.  The GTCM makes program 
graduates not only better prepared for a job but prepared to join thousands around the world as 
certified geospatial science professionals.  

 

 

Ready are you?  Well then.   Ready, Set, Go.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


