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Introduction

To make undergraduate cartography students aware of the importance of taking into consideration issues such as uncertainty, precision, accuracy and error when creating cartographic products a series of class exercises have been designed and refined over a number of years. To heighten the student awareness a key approach was to bring together the various outcomes from individual students into one overlay or file so that a comparison could be made.

Presented below are a number of the exercises designed to explore different aspects of cartographic uncertainty.

The exercises selected are:

1. Defining Australia’s state boundaries

2. Defining the coastline of Australia 

3. Recording geographical data numerically

4. Plotting Australia’s Coastline Using Vectors of Specified Lengths

5. Digitising Victoria Using 25 Reference Points

6. GPS Accuracy v’s Map Accuracy

Defining Australia’s State Boundaries

Introduction

Students were provided with an outline of the Australian coast and told to draw on the map the location of the state and territory boundaries.

Comment on specific outcomes

Each students submission was juxtaposed (Figure 1) and discussion took place on the reasons for the differences. Most of the administrative boundaries were drawn as straight lines even though the east west lines followed lines of latitude which technically are curved. For straight line boundaries most students came close to position the boundary close to the true position. Boundaries that followed natural features such as the Murray River between New South Wales and Victoria and the eastern end of the boundary between Queensland and New South Wales varied the most when represented on the map. The boundary for the Australian Capital Territory that had no link to the coast or other boundaries varied the most in terms of its location.   
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Figure 1: Representations of the State and Territory boundaries

Support from the literature

When the discussion with the students concluded some supporting comments from the literature where presented to show that cartographers are able to predict certain outcomes.

Some of the quotes used where:

“What’s needed is a composite shadow map of certainty that tells the user where the joint estimate is likely right on and where it’s likely less valid and an honest error assessment” (Berry, 1995, p57)

“...the data stored as digital maps are often unbelievably faithful reproductions of each and every one of the human errors created in the making of paper maps.” (Clarke, 1995, p245)

“.... a single map is but one of an indefinitely large number of maps that might be produced for the same situation or from the same data.” (Monmonier, 1996, p2) 

Summary comment

Students were made aware that even though the boundaries on a map make look right the creator of the map and the technique used will influence the position of the boundaries. 

Defining the Coastline of Australia

Intro

This exercise involved the plotting on the coast of Australia using only the point location of 23 selected cities and towns, with all except two being on the coast.

Comment on specific outcomes

The areas of greatest variation between students was around the coastline of the Northern Territory and the Cape York Peninsula. There was also great discrepancy where the border of South Australia and Western Australia meets the coast as well as the north west of Western Australia. This is due to the scarce number of towns along the coast in these areas. Also the complexity of the coast is greater in some areas, for example the NT coastline and Cape York. “Lines that are straight will have relatively low error components, while crenulate lines will be seriously error-prone” (Blakemore, 1984). This is true as the east coast of Australia can be seen to be relatively straight.

The students were all Melbourne based and hence more familiar (have a better mental image) of the coast as it approached Melbourne. According to Steward (1974) “cartographic representation maintains a fundamental link with all the basic intellectual speculations about our perception, belief and knowledge of the world”.  
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Figure 2: Representations of the coastline of Australia 

Support from the literature

“As the scale gets smaller, it becomes increasingly difficult to identify positional errors” (Antenucci, 1991)

“Cartographic generalisation may vary from map to map of the same scale” (Blakemore, 1984)

“… the differing skills (human) in evaluating draughting and checking map information“ (Steward, 1974)

“…non-uniformity of knowledge among cartographers of data” (Steward, 1974)

Summary comment

This exercise clearly brought home to the student the need for adequate data points over the whole of a study area so that some areas are not over represented while others are under represented. 

Recording Geographical Data Numerically

Introduction

Students were given a map of Australia with latitude and longitude lines shown. They were asked to provide the location, distance between, extent or area for different features. For example, students were asked to provide the latitude and longitude of Melbourne.

Comment on specific outcomes

The results were listed together for each task and the student where able to see the variety of answers that were provided. Some of the differences are shown below.

1. Longitude given before latitude

2. Kilometres written down as degrees

3. Extent given as one figure but also as bounding latitudes

4. Conferring, same answer given

5. Incomplete answer

6. Different notations used

7. Differing indication of precision

8. Inaccurate coding

9. Duplicate answer given

10. Unsolicited information given

Support from the literature

When seen graphically, the errors are obvious, but these errors are very difficult to detect when looking at a string of latitude and longitude values. (Smith, 1995) 

“[i]n communication terms regrouping data items into classes decreases the communicative bandwidth and reduces the potential for individual vagaries of interpretation”.

(Dykes J, 1994, p104)

Summary comment

This exercise demonstrated quite clearly that data sets would vary depending on the source and criteria used in the collection and storage of the data.

Plotting Australia’s Coastline Using Vectors of Specified Lengths

Introduction

This exercise required the students to plot the coastline of Australia using points at 1, 2 and 3 centimetre intervals 

Comment on specific outcomes

The manual digitising results varied between students due in part that students started at different points and the direction of plotting varied. 
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Figure 3: Example of output from 2 centimetre interval point plots  

Support from the literature

“...human interpretation changes the essential nature of the received data”. (Steward, 1974)

“Cartographic generalisation may vary from map to map on the same scale”. (Blakemore, 1984, p134)

Digitising accuracy is “limited by the skill of the operator and  ... by the accuracy of the original data” (Burrough & McDonnell, 1998, p86)

Summary comment

Many of the challenges faced when digitising geographical boundaries using a finite number of points were identified in this exercise.  

Digitising Victoria Using 25 Reference Points

Introduction

An A4 sheet was provided to the students which showed an outline of the State of Victoria as defined by 150 reference points. The task was to select 25 salient points and connect these by line work. This exercise was designed to demonstrate the impact of data point reduction on the final output. 

Comment on specific outcomes
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Figure 4 Overlaid results from a number of students showing variations 

Support from the literature

“Line character is important to preserve, yet difficult to define, and involves a complex set of related approaches to generalisation”. (Clarke, 1995, p229)

“A digitised representation of a map feature should be accurate in its representation of the feature, yet also efficient in terms of retaining the least number of points necessary to represent the character”. (McMaster & Shea, 1992, p75)

Summary comment

Selecting the required sampling interval for the specific level of generalisation is difficult and can depend on the nature of the geographical feature being modelled.

GPS Accuracy v’s Map Accuracy

Introduction

Students were required to take a handheld GPS receiver and upon visiting six location in the streets of Melbourne to record the coordinates. These coordinates were compared to map grid coordinates for the same points taken from an existing 1:20,000 mapsheet.

Comment on specific outcomes

The results showed that although the GPS provided a quick and easy way of recording coordinates the user must take into consideration the accuracy, or fitness for use, of the coordinates. There was great variation in the position of the points when compared to the map coordinates and between the coordinates obtained by each group. Figure 5 shows a plot of points which on the map are located at intersection defining a rectangular city block.

[image: image5.png]5813500 1~

813400 +

5813100

5813000

5812900

5812800
320200 320400 320600 320800 321000 321200





Figure 5: Plot of GPS points 

Support from the literature

“The importance of knowing the history of a data set .... may outweigh all other considerations in the issue of data quality.” (Guptill & Morrison, 1995, p5)

“Attribute accuracy and completeness may be reported by relative reliability diagrams, tables, or visual comparison with original compilation”. (Johnson Petterson &  Fulton, 1992, p24) 

Summary comment

This exercise reminded students that even though simpler techniques for gathering data are becoming available all the time we must still understand the underlying theory which gives us insight into the limitations we must impose on the use of these data. 

Concluding Comments

Uncertainty is always present in spatial models. While we may attempt to present information in as “true” a format as possible uncertainty and error will always remain. Despite being as careful as possible with the data, no map is able to properly represent geographic reality without creating some sort of distortion. We can never be sure if the sample we have taken is characteristic of the population as a whole.

The validity of geographical information can be measured using statistical analysis. Digital geographical information can be summarised statistically, while reality in all its complexity is much more difficult to gauge. If a spatial model is used then this model needs to be explained.

Improved technology does not necessarily create better maps, it can even hinder the process as these new technologies allow us to present information in ways that does not necessarily reflect the accuracy of the data. New technology may hide faults in our products.

The degree of accuracy required for mapping varies according to what purpose that map will be used. All users need a true representation of geographical reality, however the degree of geographical truth required will depend upon the use of that map.

It is hoped that the exercises presented here have helped make cartography students aware of some of the issues associated with cartographic uncertainty.
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