
[image: image1]
Mr. Makram Murad-al-shaikh has over 30 years of experience in the educational field in a variety of disciplines ranging from civil engineering, cartography, and Geographic Information Systems (GIS). He joined Environmental Systems Research Institute (ESRI) in 1993 as an Instructor and teaches both introductory and advanced courses focusing on ESRI technology. He also teaches GIS Cartography courses in southern California universities. He has authored 13 books in Arabic, and while at ESRI, he has authored and co-authored several of their instructor-led training courses including the most recent Cartography with ArcGIS course. He has a Master of Science degree in Cartography from the University of Wisconsin-Madison, 1983, and a B.Sc. degree in Civil Engineering form Al-Hikma (Jesuit) University, Baghdad, Iraq, 1969.
CHALLENGES IN CARTOGRAPHIC TRAINING
Makram Murad-al-shaikh

ESRI Inc, Redlands, California, USA

mmurad@esri.com

Abstract
Many organizations have adopted a Geographic Information System (GIS) to assist in their demanding projects. At first they were more worried about building the database and getting trained on the use of the GIS software in performing analysis. They were, then, not so much interested in cartography. But, as skills developed, users started asking for more tools on how to improve their maps.

GIS software has introduced and improved several cartographic tools that can help the map maker automate all aspects of cartographic visualization and rendering of the map with minimum of efforts. This has certainly introduced new challenges in cartographic training; where instructor-led as well as Internet courses dedicated to serve the GIS user community were needed to be developed. The concept of a digital cartographic database and how an organization should consider cartography even at the onset of its database design efforts, has certainly introduced an added challenge on how teaching database design with cartography in mind has changed.

The objective of this paper is to introduce those sophisticated tools that will help automate the mapping efforts, to produce quality maps that are worthy of the time spent on complicated analysis, and clearly and impressively visualize the results.  A sample of the tools that will be discussed are those to automate labeling and annotation, those to enhance map readability and figure-ground effect, and those to improve the map layout and symbology, to name but few; all in compliance with the international cartographic standards.

INTRODUCTION

Many organizations have adopted a Geographic Information System (GIS) to assist them in their demanding projects and in the different aspects of their applications and planning. Their staff is comprised mostly of analysts of diverse disciplines and very few if any are cartographically trained. At first these organizations were more concerned with building the GIS database and getting trained on the use of the abundant functionalities introduced by the GIS software for data entry, performing analysis, and applying them to their benefit. The map was the last thing they would worry about. But, as skills developed, GIS users started asking for more tools and training on how to improve their maps.

GIS software underwent a similar trend. At first, functionalities for database design and GIS analysis were more of a concern to the developers than cartographic functionalities. Thanks to multi-disciplinary university education, cartographers started writing program code for GIS cartography, and GIS software developers started research and development programs in cartographic usage of the GIS software. Following the realization of the importance of good quality GIS mapping, the GIS software introduced and improved several cartographic tools that can help the map maker automate all aspects of cartographic visualization and rendering of the map with minimum of effort. Advanced GIS cartographic functionality has certainly introduced new challenges in cartographic training. 

Companies which develop GIS software, such as Environmental Systems Research Institute (ESRI), Inc., realized the need to develop instructor-led as well as Internet courses which are dedicated to serve the GIS user community. These are not only for creating a GIS database and performing analysis with it but also for creating quality maps to show results and advertise their services. ESRI’s Educational Services Department and ESRI Press have introduced several courses and books for use in the teaching of GIS cartography (the author of this paper is the author of the Cartography with ArcGIS course which has been internationally taught). See a list of such products and services in the appendix. 

Additionally, ESRI has introduced the Map Gallery in its annual International Users Conferences, where its software users bring their own maps to show how they used the software and also enter in a map competition which includes cartographic categories in addition to the other categories for excellence in the use of the software for GIS analysis. This annual conference includes several seminars and workshops on GIS cartography. The Map Critique Station was introduced in 2006 as an additional activity of this conference to help the GIS users improve their cartographic skills. Users can bring their maps to be individually critiqued by ESRI’s cartography staff. 

The concept of a digital cartographic database and how an organization should consider cartography even at the onset of its database design efforts, has certainly introduced an added challenge to both teachers and users [Hardy, Marc-Olivier, Eicher, and Kressmann, 2004; Hardy 2005]. How should teaching database design be taught with cartography in mind? How should the GIS users be trained in designing and using the database with cartography in mind? See the appendix for learning about ESRI’s instructor-led Managing Cartographic Data in the Geodatabase course by ESRI.

GIS certification programs have started in several United States colleges and universities whose required courses for graduation/certification include a course in GIS cartography. The author occasionally teaches in such programs, where he brings in the experience of GIS and cartography enforced by map critiquing exercises to develop users’ skills for creating quality maps from their GIS software.

The objective of this paper is to introduce a selected sample of those sophisticated GIS tools that can help automate the mapping efforts, to produce quality maps that are worthy of the time spent on complicated analysis, and clearly and impressively visualize the results. The sample of tools that will be discussed are those to automate labeling and annotation, those to enhance map readability and figure-ground effect, and those to improve the map layout and symbology, to name but few; all in compliance with the international cartographic standards.
SYMBOLOGY TOOLS
The introduction of several symbology techniques in ArcGIS and especially in version 9.2 created a new challenge in the design and teaching of the GIS software for cartography. While the available standard symbology options in ArcMap can produce remarkable cartography (which instigated the design of the 3-day Cartography with ArcGIS course), at version 9.2 a new technique was introduced called cartographic representation, which took cartography even to higher and more sophisticated levels [Murad-al-shaikh 2007; Hardy 2005]. This newer technique and its tools created the necessity to design an additional 2-day course called Managing Cartographic Data in the Geodatabase. As the name implies, this new technique introduced saving symbology rules inside the feature attribute table of the geodatabase feature class. This way one can model saving multiple representations with their respective different rules for the same data, and all persist in the database for reuse. 
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Figure 1 – Multiple products at the same scale or at different scales. 

The figure above shows how one can produce different generalized data at coarser resolution from a single dataset that was originally created at a larger scale resolution, Because at this new resolution multiple maps at similar scales, and with different objectives and audience are needed, one can create and store multiple representations, each with different rules and, if needed, an override.
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       Figure 2 – A data attribute table showing how two representations are stored.

These representations are persisted in the database [. In the figure above, two different maps can be drawn from the same data at the same scale. The use of such sophisticated cartographic tools necessitated the need for additional training.
GENERALIZATION TOOLS

In order to automate the creation of coarser resolution (small scale) maps derived from higher resolution data, it is inevitable that some generalization should occur. New generalization tools were introduced in ArcGIS to make this task easier [Lee 2006]. Obviously these tools necessitated their inclusion in and the redesign of the instructor led courses.
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                Figure 3 – Selected generalization tools available in ArcGIS.
NAME PLACEMENT TOOLS

Name placement on maps has traditionally been the most time consuming portion of the cartographic task. However, with the advancement of GIS software, this task has been substantially improved. Two functions can be achieved in GIS cartography with respect to name placement [Murad-al-shaikh 2005]: 
1. Labeling: This dynamically placing labels on the map. This dynamic placement might not be favored by cartographers as labels will not necessarily persist in their original locations. Based on some tolerances set in the GIS software (example, parameters to conflict detection algorithms) some labels will either move away from their respective features or become “unplaced labels” if there is insufficient room.

2. Annotation: This is static storage of names as text entities in the geodatabase. The position of the text will usually be generated by labeling, but then the labels are converted to Annotations and stored. The cartographer can then adjust the positions and visual appearance of individual texts.  
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               Figure 4 – ESRI’s ArcMap labeling and annotation roadmap.

In ArcGIS, one can model the characteristics and placement rules for different labels by creating “label classes” where each label class can control how selective features can be labeled differently.
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 Figure 5 – ArcMap’s Label Manager showing two layers. The top layer has 2 label classes.
In ArcMap you can decide if you wanted to use the Standard Label Engine or the Maplex Label Engine. Prior to conversion to annotation, while the Standard Label Engine offers quite a good amount of properties that can be set to achieve an acceptable cartographic product from the labeling point of view, however the Maplex extension to ArcGIS in its Maplex Label Engine offers more than a hundred rules that can be set for diverse labeling standardization and strict cartographic labeling specifications.  
After labeling with either of these label engines, one can convert the labels to annotation. This conversion will make the dynamic label become static and thus the cartographer can select individual annotations and slightly fine-tune their locations to match the cartographic standards of easy finding and reading.

Annotation can work in association with ArcGIS geoprocessing masking tools to create masks to hide the graphics of the displayed features under the annotation if needed (example: hiding the contour line underneath its annotation value) [Murad-al-shaikh 2005].
The arrival of all these name placement GIS tools dictated the introduction of several training materials that ranged from instructor-led courses to Virtual Campus self-directed courses. These allow the GIS software users to learn the different tools and techniques for creating maps with better name placement, legibility, and easier searches. Exercises had to be designed to expose these tools to the GIS software users and thus can improve their cartographic products. Instructors had to undergo training in these additional tools to assist the users in their cartographic learning experience. It certainly indicated a paradigm shift in training, with cartography being the major goal.
MAP LAYOUT TECHNIQUES
Because of the lack in cartography training, GIS software users might be tempted to insert a north arrow, a scale bar, and a legend into the map layout - even though these map elements might not be needed in some maps (example: the redundancy of a scale bar on a population density map, or a North arrow on a map that also has a North/South grid). Gaps on the other hand can invite unnecessary inclusion and unnecessary enlargement of these elements. This malpractice might endanger the cartographic design efforts in trying to graphically create a reading pattern that comply with the map objective.
When data is classified into ratio ranges, especially when normalizing the data (example: dividing population by area) and depending on the ArcMap decimal places display setting, one might get a display of what appears to be of a higher accuracy legend element for data that are generalized [Murad-al-shaikh 2003].
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    Figure 6 – Are these decimal places necessary?
Knowing the available tools in ArcMap’s Layer Properties dialog one can get rid of these decimal places with minimum of effort as well as excluding skewed (example: negative) values from being used in the classification without the need to make any direct edits to the database.
Inserted map elements might appear with a higher degree of contrast relative to the neutral background, thus their visibility increases in the map despite the fact that these map elements might be of lesser importance. GIS software users might be unaware of the importance of varying the relative contrast of the different map elements to induce a certain reading pattern in the map (example: the mapped area should appear more prominent than the scale bar). 
The enhancement of figure-ground of the mapped data and the simulation of water depth changing away from shorelines necessitated the use of dedicated cartographic tools (example: color ramps) as well as innovations in adapting some software tools that were originally designed for analysis to aid in enhancing the rendition of the mapped area in the layout. The multiple Ring Buffer tool can be used to create equal sized or unequal sized (example: logarithmic) buffers which can be color ramped from white to blue. This enhancement also improved the legibility of small islands. The lighter areas near the shorelines make good contrasting colors with labels of shore features.
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   Figure 7 – Using the Multiple Ring Buffer analysis tool to enhance the cartographic
                                      visualization of South America map
Working with the ArcGIS Spatial Analyst extension and Map Algebra expression can certainly be used to enhance the cartographic visualization in the map. Hillshade techniques and Map Algebra can create wonderful visualization of the terrain [Buckley and Barnes 2005].
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Figure 8 – Enhancing visualization with ArcGIS Spatial Analyst extension
The work of Dr. Robert Mark of the U.S. Geological Survey on Multi-directional, oblique-weighted shaded relief (map number 1 above) emphasized oblique illumination on all relief surfaces which highly enhanced the details that are obliterated in the shadow area of maps created with traditional hillshading technique [Mark 1992]. David Barnes of ESRI enhanced the Swiss style hillshading technique (map number 2 above). He used a focal statistics geoprocessing tool with a defined neighborhood to generalize the surface before using the Swiss symbology technique for terrain visualization [Barnes 2002]. Painting the relief with landscape patterns derived from imagery or photographs was introduced by Jeff S. Nighbert of the U.S. Bureau of Land Management (BLM) using Map Algebra statements to “burn” depths of trees in the elevation raster (map number 3 above), where the land was cleared for constructing ski runs [Nighbert  2001].
Delivery of these techniques to GIS users was only possible through courses that were written to teach those techniques through lectures and exercises. 

CONCLUSION

Acquiring basic cartographic principles and skills in using the different available tools in GIS software are important and effective in creating a good communicating and useful map. With this in mind, GIS software developers, e.g. ESRI, realized the challenge and importance of acquiring such skills and introduced additional courses, conference seminars, and workshops on basic cartographic design principles. All these educational provisions are in addition to the standard courses that teach how to use the software for data entry and analysis. Educational institutions (universities and colleges) also joined in offering GIS cartography courses within their GIS programs to match the challenge of training on cartographic principles for creating better maps with GIS software. 
As more and more maps are created from GIS data by GIS users untrained in cartography, the need for cartographic training will continue to increase.   
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APPENDIX - List of cartographic educational resources from ESRI

ESRI Press books http://gis.esri.com/esripress/display/index.cfm
   1. Designing Better Maps. 2005 ISBN: 1-58948-089-9       

   2. Designing Geodatabases (Chapter 8 – Cartography and the base map). 2004 
       ISBN: 1-58948-021-X       
   3. GIS Tutorial (GIS Tutorial 2 - Map Design; GIS Tutorial 3 - GIS Outputs), 2005
       ISBN: 1-58948-127-5       

   4. ESRI Map Books (Example: Volume 21), 2006 ISBN: 1-58948-163-1       
Instructor-led training courses http://www.esri.com/; click Training tab > Course Catalog; type Cartography in the Search for window
   1. Cartography with ArcGIS – 3-day course (written by the author of this paper)
   2. Managing Cartographic Data in the Geodatabase – 2-day course 

   3. Cartography with PLTS Map Production System-Atlas – 2-day course
Virtual Campus training courses http://www.esri.com/; click Training
   1. Cartographic Design Using ArcGIS 9 – 21 hours 
   2. Introduction to Map Production System-Atlas – 3 hours
   3. Making Better Map Layouts with ArcGIS –1 hour
   4. ArcGIS Annotation: Tips and Tricks – 3 hours
   5. Creating and Editing Labels and Annotation – 6 hours
   6. Labeling in ArcMap: Tips and Tricks – 3 hours
   7. The 15-Minute Map: Creating a Basic Map in ArcMap – 3 hours
Web training courses (virtual classroom)

   1. Advanced Techniques for Labels and Annotation – 9 hours (3 days)
.
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