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100 Years of the Atlas of Canada
Natural Resources Canada’s Earth Sciences Sector celebrated a century of The Atlas of Canada’s cartographic excellence in 2006.  Through five printed and now a complete Internet-based version, the Atlas has always shown a diverse geographical picture of Canada.  The Atlas’ role today is to present topical and issue-based information in a geographical context, through maps.  It provides a home for national thematic and framework/base map datasets.  The Atlas is developed with partners, in government, non-government organizations and academia, to visualize data related to the Canadian society, economy, environment and history.  The need for geographic information and knowledge has increased over the last 100 years and each published edition focused on the needs of the time (http://atlas.gc.ca/site/english/about_us/). 
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Figure 1:  The evolution of the Atlas of Canada, 1906 to 2006

The Internet offered a new direction for the Atlas of Canada in the early 1990s, and its first Web-based Atlas product was offered in 1994.  This was a totally new mapping environment for both the Atlas and the user with no pre-existing models and experience to offer guidance; it was a time of discovery.  The number of Canadians accessing and using its maps grew exponentially, in a way that would never have been possible with the previous printed editions.  The efficiency of freely available maps, available to anyone with Internet access, changed the Atlas of Canada forever.  The number of visitors to the current Atlas Web site has grown since it first launched in 1999; this growth has averaged 40% per year.  It is anticipated that users will visit the Atlas over 10,000,000 times during its 100th Anniversary year in 2006.
Topographic Mapping in Canada

The origin of Canada’s topographic mapping program goes back to a plan in 1927 (McGrath and Sebert).  It included the four production scales, map sheet boundaries and design specifications for the “new topographic program”.  The first topographic map series was completed in 1944 and was the smallest of all production scales ‑ the 220 maps of the Eight Miles to the Inch Series.  By 1947 very few maps had actually been produced for the other three production scales.  A new plan was drawn up that was committed to specific target completion dates and areas of responsibility for production.  The 918 maps of the Four Miles to the Inch Series became the 1:250,000 National Topographic Map Series in 1949 and was completed in the early 1970s.  In 1950 the One Mile to the Inch Series was converted to what is now known as the 1:50,000 National Topographic Map Series.  The last of the 13,000 map sheets is scheduled to be completed in 2007.  This series is also the largest scale for complete national coverage using a common specification.
The late 1970s saw a greater need for digital topographic data.  To begin this process, negatives of existing maps were scanned and then processed into vector digital map files.  This method was used for all of the 1:250,000 Series and was completed in 1990.  At the same time, new technologies for digital map compilation and scanning were developed; these were used to increase the pace of digital conversion and compilation.  In 1988, the National Topographic Database was created and will be completed in 2007.  The availability of digital topographic data has permitted the development of new products such as Toporama.
The first version of Toporama was launched in January 2001 and provided on-line raster versions of topographic maps and ortho-images, at no cost.  The topographic maps were offered at scales of 1:250 000 and 1:50 000.  Maps were selected by searching for a place name, National Topographic System (NTS) map sheet number, latitude and longitude or by clicking on a small scale map displaying the NTS map sheet grid.  Users could then print or save these maps.  
Toporama Project Objectives 

The Atlas of Canada has always been a collection of small scale thematic maps.  In the most recent 6th Edition, the compilation scales are 1:7,500,000 and 1:1,000,000.  The opportunity to offer topographic maps came about as a result of a review (Ball 2004) of the various Web mapping applications offered by the Earth Sciences Sector (ESS) of the Department of Natural Resources Canada (NRCan).  This study revealed that there was overlap between individual Web mapping applications serving common user groups.  As a result, work began to integrate the existing on-line topographic mapping product, Toporama, into the Atlas of Canada.  The objectives for this project were to:
· Create the next significant version of the existing ESS Toporama product

· Meet the needs of current Toporama and Atlas users

· Integrate the visualization of topographic and Atlas data sets using local and Web Map Services
· Transform the visualization of National Topographic Data Base (NTDB) into a single, seamless on-line map using the almost 14,000 individual map files, showing up to 147 feature classes
· Be consistent with the current look and feel of the Atlas site 

· Maintain, but adding to, existing models of Atlas user interface design

User Centred Design – Understanding the Users
User Centred Development and Design (UCD) is a research process to understand the real needs of users and then using that understanding in the development and design of a new product or adapting an existing one.  The UCD process adopted by the Atlas consists of three main stages prior to deployment, as shown in Figure 2.  The first stage is an examination of Business Requirements; the second is User Requirements research.  Next, in the third, is the Product and Systems Design.  Representative users are involved in all major stages using established research techniques.  UCD has been used extensively in the successful development and evolution of the Atlas of Canada since 2001.  The Atlas has used UCD for Web-based, data and printed products, and other activities such as, prototyping and product validation.  This approach saves effort and cost due to the quality of the end result and the reduction of design errors (Nielsen 1994).  In addition, the value of a user-centred development and design can be summarized as follows:
1. Reduces the affect of poor and inaccurate assumptions -- informed decision making

2. Balances business and user requirements

3. Separates developers from evaluating their own designs

4. Increases user satisfaction and product effectiveness

5. Produces the right product, for the right reasons, for the right users
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Figure 2:  The user centred design methodology highlighting Toporama research activities
The process of defining Business Requirements begins with user and client definition (Scanlon and Percival 2002).  It is impossible to be everything to everyone.  Lack of focus or an inaccurate understanding of actual user groups results in a product that may end up not serving anyone’s needs.  The Business Requirements stage is a high level look at the business case from the perspective of the organization, the user and stakeholders.  The result of this research provides the general information and opinions supporting a business case and a decision to proceed with more detailed research.  The feedback at this level is opinion based.  It provides apparent clarity but it is not necessarily definite, factual or explicit.  There is still a high level of assumption and proceeding into a design phase at this point would be risky, due to the lack of specific user understanding.  
A primary business requirement of the Earth Sciences Sector has been to ensure that clients have improved on-line access to ESS geospatial information products.  To achieve this and define the business requirements for integrating topographic maps into the Atlas of Canada, the three sources of information were evaluated.  First, an examination of the review of ESS mapping products (Ball 2004) was conducted.  Second, previous User Requirements and Usability Research carried out for the Atlas of Canada was reviewed.  Third, a new On-line Survey, see Figure 2, focused on the users of the existing Toporama Web site.  It was conducted to identify the user groups and their uses of topographic maps.  This survey provided the remaining necessary information for the Business Requirements and the beginning of what was needed for the User Requirements.  The main objectives of the survey included:

· Profile site users
· User behaviour such as:
· motivations for using and returning to the site

· context and manner in which the site is used
· the most common usages of the topographic maps from the site

· Measure overall satisfaction with the site

A sampling of the results of the survey showed that there were four main user groups:  Recreational, Business, Educational and Geographical Information System / Personal Digital Assistant (GIS-PDA).  The majority of users came to the site for personal reasons such as trip planning (hiking, fishing, hunting) while a small minority used it for work purposes. More than half identified multiple uses for the site.  Neither occupation nor age was distinguishing factors in the user profile.  New users came to Toporama via search engines.
User Requirements Research
More specific and detailed information was required about the identified user groups and their specific needs.  To achieve this, in-depth interviews were conducted with participants from each user group, see Figure 2.  The interviews were conducted in person and over the phone for out-of-town participants.  The main areas of investigation for the user groups were:

· Characteristics typical of each user group

· Characteristics of use –  interaction and offline interaction with topographic maps
· Context of use – requirements/location discovery and output requirements
· An analysis of typical tasks performed by each user group

This type of in-depth research allows an understanding of the difference between what users think they want and what they really need.  Typical tasks carried out by individual user groups are identified.  The goal is to find the actual need and then add functions to support it.  The Task Analysis, see Figure 2, resulting from the interviews, offered a breakdown of specific activity that users actually performed.  They enabled the development team to gain a better understanding of user behaviour.  These tasks were not specific to a particular user group because each group performed essentially the same tasks.  It was the usage and the purpose for obtaining the maps that differentiated the groups.  The following is a summary of the most common tasks:
· Finding map area of interest:  Find web site >> Locate province/area >> Begin zooming >> Zoom to adequate scale
· Interpreting the map:  Interpret map entities >> Measure distance >> Measure elevation

· Manipulating the map:  Zooming >> Panning >> View a wider area >> Switch between map and imagery
· Printing or downloading map:  Locate the desired map area >> Save it for use in a graphics program >> Save it for use in a word processor / Print several sections / Change dimensions of the image / Piece several images together electronically / Insert grids or other features onto the map / Laminate the map after printing.

· Using the map after saving or downloading:  Fold printed map / Store map / Read it in the field / Download map / Upload it to a PDA / Use with 3rd party PDA software
The next step and output of this part of the research was creating typical Usage Scenarios, see Figure 2.  These were created for each of the four identified primary user groups.  A Usage Scenario begins with a description of why a typical user needs a product or service, their context of use, followed by all the tasks required to fulfill that need.  They are the source inputs for the Product and Systems Design, see Figure 2, and bridge the User Requirements and Design stages.  Use Cases were developed based on the Usage Scenarios, to support system design.  A Use Case is a description of a sequence of events or interactions between a user and a system for a specific task.  Design principals including standards, organizational guidelines, and technical requirements are all taken into account.  

A Typical Usage Scenario – Recreational User
User Description:
· Occupation:  Census Analyst, Statistics Canada, 35 yrs old
· Map use:  Frequency of map use:  Daily; Motivation:  High

· Experience:  Maps for Business:  medium; Maps:  High; Toporama:  High; Discretion to use Toporama:  Can obtain paper maps, or go to other map sites
· Skills:  General computing skills are high

· Context:  Likes to ski back-country; uses topographic maps to find trails, elevation and slope are of particular interest
· Goals:  A one-stop ability to find, manipulate and print the maps for back country trails; to be able to plan trips and track where he/she has been

Scenario:  Planning a Ski Trip:
It’s Saturday morning and this user is preparing for a day of skiing on the back country trails.  The user plans to ski trails for the day and would like to know which elevations are well suited to his/her skill level and the accessibility of the trails.  Tasks included:
· Find the Web site:  Does a search for “topographic maps”
· Locate Area of Interest:  Locates the map area with the ski area and surroundings visually and then zooms to the area
· Search using Specific Tools:  Pans to the area and fine tunes the map by adjusting the map scale and changes the map size
· Interpreting the Map:
· Uses the contours and spot heights for elevations on the map
· Measures distance of each leg for the total trip
· Judges what can be done in a day of back country skiing
· Output or Saving the Map:
· Downloads the maps and uses 3rd party software to add features, marks etc.
· Increases image size of the map for easier reading during the ski trip
· Prints the maps from that application
· Folds the maps for easy carrying
Context of Use:  This person has a home office with a pc, high speed connection and a colour printer.  Most searching and work on the maps is done in the evening after work – maps are an important part of his/her hobby.
User Profiles are the result of combining the demographic information learned in the on-line survey with the personal and task information obtained from the interviews.  They work very well since design decisions were made based on a real user completing a typical task, for an actual real-life use, not a fictitious user doing an imaginary task in a test situation.  Usage Scenarios, while focusing on a specific example, were based on the research that was representative of the broader user group.  Informed design decisions can be made very effectively this way.  
Product and Systems Design and Usability Testing
This stage has two major components:  the Product Design for user interaction and the Systems Design with the technological solutions, see Figure 2.  Typically, Product Design begins with simple concepts, paper mock-ups, and story boards.  Initial concepts need to be validated, with usability testing, since there are always options that can lead to vastly different designs.  Users bring their own knowledge, understanding and know-how.  It is these that must be respected and understood for a truly useful product to be developed.  The results of the testing allow informed decisions to be made and the development and evaluation of more sophisticated and detailed prototypes.  This process is repeated and the number of iterations or cycles depends on many factors including the complexity of the product, time and funds available.  The new Toporama was based on an existing Atlas mapping user interface model that had been thoroughly evaluated for usability.  Therefore, only two iterations were conducted to ensure that the new tools, features and map design met the usability goals.  Usability testing does require some financial and human resource investment, but the results speak for themselves (Souza 2001).  Systems development occurs at the same time with points of interaction based on the usability testing schedule and the inputs required from it.
Usability tests assess a participant’s response to and performance on predetermined testing scenarios that are based on the Usage Scenarios developed in the user requirements stage.  The testing scenarios are a series of tasks linked together to form a complete sequence of steps that a typical user would conduct.  Success is measured by observation and the ability of the participant to complete the tasks.  This mostly objective testing environment is not suitable for subjective, opinion based feedback.  Questions and comments can, however, clarify a usability issue.  It is commonly accepted that six to eight participants are sufficient in assessing usability (Nielsen, 1994 and Szeredi and McLeod, 2000), but not to be representative for opinion based feedback.
Data Requirements
All thematic maps in the Atlas of Canada used a primary data compilation scale of 1:7,500,000 and many recent maps include a greater level of detail at the 1:1,000,000 compilation scale. These maps can be seen and manipulated in a user interface with various tools and a map scale range from 1:42,000,000 to 1:1,000,000.  The development of Toporama required combining Atlas and topographic data and increasing the map scale range to a much larger map scale of 1:20,000.  The main data sets used in Toporama are shown in Table 1.  Other datasets used include the GeoBase (www.geobase.ca) National Road Network and Canadian Digital Elevation Data Imagery and NRCan’s CanImage Landsat 7 satellite imagery and Canadian Geographical Names Service for place and feature name searches.  The datasets used in Toporama are accessed by a mix of local, Web Map and Feature Services.
Predefined zoom levels were established based on the most logical map scale for map window size and search entry options. The User Requirements research established that these zoom levels needed to be based on how users discover the maps, by browsing and searching using place name, topographic map sheet number and coordinates.  The map scales for the predefined zoom levels were determined by the level of detail that could be accommodated with the varying levels of detail across the country. 
	Map Scale
	Main Map Data
	Rationale

	National Scale – Zoom level 0

	1:42 000 000
	Atlas 1:30 000 000 
	Complete view of Canada

	Regional Scales – Zoom levels 1, 2 and 3

	1:5 000 000
	Atlas 1:7 500 000 
	View single 1:1,000,000 grid 

Entry point for geographic name search

	1:1 400 000
	Atlas 1 000 000
	View single 1:250,000 sheet extent 

Entry point for 1:250,000 map search

	1:300 000
	NTDB 250 000
	View complete 1:50,000 sheet extent
Entry point for 1:50,000 map search

	Local Scales – Zoom levels 4, 5 and 6

	1:120 000
	NTDB 250 000
	Optimized to balance rural and urban views

Entry point for latitude and longitude searches

	1:40 000
	NTDB 50 000
	Entry scale for viewing 1:50,000 contours

	1:20 000
	NTDB 50 000
	Largest map scale


Table 1:  The Atlas of Canada Toporama Data and Viewing Structure
Data Visualization
The data sets presented a number of challenges and map design requirements.  Symbology needed to be standardized and, for this purpose, a combination of Atlas and topographic standards were selected.  A balance was needed to fit the topographic maps into the Atlas design model since the user would be viewing up to five data sets from national to local views.  At the same time the long established topographic design specifications (www.cits.rncan.gc.ca) needed to be respected as users expect them to be maintained. This meant that features such as roads, water bodies, rivers and boundaries were symbolized using the same colour, pattern and line symbols in all data sets.
Mapping User Interface Design – Tools and Features
The interface design was based on the Atlas’ thematic mapping user interface.  The new functions and tools needed for topographic maps, identified in the user requirements research included:

· Determining coordinates
· Measuring distances
· A new legend style
· Manipulating the map layers
· Tools for searching by place name, topographic map sheet number and coordinates
· Changeable map scale

While icons are a common and intuitive feature for identifying tools and their use, the Atlas’ usability research has shown that they have not proven to be the sole solution.  The research revealed, regardless of user group, that a label should accompany an icon beginning with a verb, implying a specific action.  Tools that require a single action, such as a singe click on the map or on the tool button followed by an immediate action and map refresh, have proven to be the most intuitive and usable.  Figure 3 shows the tool bar used by the Atlas in the Toporama user interface.  
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Figure 3:   The tool bar from the Topographic Maps user interface.

When users are first shown a map, usability research has shown they expect to be able to click on it and zoom in.  This requires the “Zoom In” tool to be active by default.  Tools such as “Zoom Out”, “View Full Map”, “Map Size” and the “Panning Arrows” all function with an immediate action on the map when they are clicked.  Other tools such as “Print Preview”, “Help” and “Save Map” also cause an immediate action such as a refresh to a new page, scroll to another part of the browser window or a pop-up instruction.  Usability research has also shown the users’ expectation that these tools function this way and this behaviour has been observed in considerable usability research.  What seems logical from the product design point-of-view is not always logical to users and the way they interpret tool functionality.  
Usability research has shown that some form of explanation (a mouse-over, tool tip or alt tag) is needed when a tool’s behaviour is multi-step and/or not intuitive.  This was clearly demonstrated with the “Get Info from Map” and “Measure distance” tools, shown in Figure 4.  The two step process of selecting the tool and then selecting a location on a map, caused confusion.  A clear icon and label were needed, as well as, visible instructions to help users.
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Figure 4:  The Get Info from Map and Measure Distance tools
The underlying lesson behind all the interface tools’ issues and solutions is that a design team is not a user and cannot replace them.  When creating a tool’s design and behaviour, users must be part of the process, from beginning to end.  The perspective and experience of a development team is very different from that of a user and cannot be replaced.  That difference must be understood, respected and applied.

Legend Design
The legend offers the user the ability to customize maps by turning map features on and off.  Feature layers are logically grouped to reduce the number of clicks required by the user to do this.  The 1:250,000 scale data has 69 feature layers in 14 groups and the 1:50,000 scale data has 126 feature layers, also in 14 groups.  When a group is turned off, the feature layers are collapsed but the group title remains visible.  A number of the legend groups are shown in Figure 6.
Instead of using the default legend symbols served by the NTDB WMS, a custom legend was created.  This permitted the use of different legend images and text for features that used the same symbol in the default legend.  Figure 5 shows an example of a small solid black line, 2 pixels wide, used for dams, wharfs and seawalls.  The new legend allowed for some contextual detail that allowed easier and more accurate map interpretation. 

[image: image5.jpg]v Water features v Water features

N oam 2 oam

N seawan IF seawan
N wnad O whart




Figure 5:  The default NTDB WMS legend symbols (left) and the new Toporama symbols (right)
Search Tab

The requirement for user defined searches by place name, topographic map sheet number and coordinates needed some creativity.  The mapping user interface was becoming very full and visibly busy with all of the new components being added.  A simple solution, commonly used in many Web sites, as well as the Atlas’ site search results, was the use of tabs.  A search tab was developed to be used in combination with a legend tab, as shown in Figure 6.  It contains three specific areas for each of the three different searches.  The three types of searches result in maps being displayed at the specific map shown in Table 1.  This worked so well that there were no usability issues encountered with it during the testing sessions.
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Figure 6:  The Toporama legend tab (left) search tab (centre) and search results (right)
The geographical name search makes use of over 350,000 names records available via the Canadian Geographical Names Service (CGNS) Web Feature Service (WFS). The CGNS database contains all of the officially approved geographical names from the larger Canadian Geographical Names Database (CGNDB).  When a place or feature name search is performed, a results list appears in the search tab. The results are grouped into broad categories such as populated places, water features and terrain features etc.  When a search result is clicked, the map refreshes leaving the search results visible for the user to make another selection, as shown in Figure 7.  The map displays at zoom level one (1:5,000,000 map scale) and displays a highlighted version of the name searched along with an arrow pointing to the location.
A special feature for geographical name searches is the use of the Atlas of Canada 1:1,000,000 framework, feature extent delineations.  The types of delineations include lakes, islands, rivers, bays, etc. and are accessible via the CGNS – WMS.  As of July 2006 there are 19,680 extents available.  Other extent types will be added as they become available.  They include national parks, mountains and undersea features.  The extents are used to highlight the actual physical extent of the features and are displayed in combination with the highlighted feature name and arrow.
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Figure 7:  The Toporama search results map
The topographic map sheet number search allows multiple forms of the numbers, such as 31G5, 31g5, 31G/5, 31G-5, 31G05, 031G05 or 031g05.  When a search is performed, the map is refreshed to either zoom level two (1:1,400,000 map scale) or three (1:300,000 map scale) depending whether a search was done for a 1:250,000 or 1:50,000 map sheet.
The coordinate search allows users to enter decimal-degrees, degrees-minutes-seconds, degrees-minutes or degrees only.  The resulting map appears at zoom level four (1:120,000 map scale) with the coordinates and an arrow pointing to the correct location.

Another user requirement was the ability to enter a specific map scale; this feature was added just below the map window, as shown in Figure 8.  Its use was not completely understood by all usability testing participants, but those for whom this was useful found it very functional.  It can be used in combination with the Map Size, Pan Arrows and Re-centre Map tools to accurately select an area of interest.  Extensive metadata is maintained for all the datasets used by Torporama and is available using the “Map Sources” link, see Figure 8.

On the mapping user interface just below the area shown in Figure 8, a series of links were inserted providing access to other information related to Toporama, the data, use of it and topographic maps in general.  Toporama is one of many topographic products available from Natural Resources Canada and providing direct access to them was also a user requirement.
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Figure 8:  The lower section of topographic mapping user interface
Conclusion

The image to the left below shows the topographic mapping user interface at the initial national view, with the search tab to the right of the map.  The image on the right shows a topographic map at a viewing scale of 1:40,000 with the scrollable legend tab to the right of the map.
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Figure 9:  The Atlas of Canada’s topographic mapping user interface, 2006

The on-line 6th Edition of the Atlas of Canada has grown and evolved since it was launched in 1999.  The Atlas user has been a part of that development and has contributed to the resultant success.  User Centred Development and Design offers a process that ensures that the most fundamental questions are asked and the needed answers are returned.  Toporama has become an integrated part of the Atlas and has shown the flexibility and diversity of its design models.  Despite being a vastly different product with its own unique data and functional requirements, the UCD process has guided the successful integration of Toporama into the Atlas.  The future of the Atlas of Canada will bring new types of maps, user interfaces and designs but the example of Toporama demonstrates that these types of challenges can be met with success.
This paper first appeared in Geomatica Vol. 61, No. 2, 2007, published by the Canadian Institute of Geomatics and is being presented here with permission.  This special issue of Geomatica is also Canada’s 2007 National Report to the International Cartographic Association’s General Assembly.
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