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1. Introduction

To start with, it is good to realize the differences  between traditional analogue and electronic atlases. These differences are listed in the following scheme (I refer here to electronic atlases that use the new technology adequately in the sense that they are interactive or even analytical in character. So view-only atlases are not included amongst the electronic ones) :
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static vs dynamic. Paper atlases are very poor tools for showing dynamic processes: sea currents, weather, transportation can only be simulated. This forced abstraction is not necessary in an electronic environment: animated maps can show the sea currents, the weather or transport in motion. It should be clear that a number of traditional motion-simulating maps in paper atlases no longer can be maintained - the discrepancy between the weather maps one sees moving about every night on the tv screen and the series of maps that try to simulate this in a paper atlas is becoming too great.

passive vs interactive. Paper atlases do have a certain interactivity - this can be found out when different users get different information from the same atlas. This will depend on the amount of foreknowledge of the users regarding the area represented, and on their map reading expertise as well. Identifying the relationships between map symbols, and translating them into relationships between geographic objects requires a lot of expertise and experience. One should be able to grasp the abstracting character of map symbols as well as be able to accomodate these newly perceived relationships in one's mental map.

But even if paper maps have this potential interactivity, this is awkward when compared to the easy interactivity of electronic atlases. One only has to click and the atlas will provide the answers. One may discern between specific, background and general interactivity. Specific interactivity refers to the access to the database through the map. When one clicks a power plant symbol on an Energy map, the nature, name and capacity of the plant will show up. Background interactivity refers to the provision of textual information on the methods used in the map, or to explanations of the patterns shown. General interactivity refers to the possibility to click on any symbol in order to find out what it symbolizes: a tree, a coal mine or a savanna, etc. The advantage would be that one would not need a legend, with its tendency to clutter the map face.

multimedia. Paper atlases have shown a tendency towards what we would now term a multimedia approach from the 1970s onwards. By increasingly incorporating diagrams, schemes and panoramic maps, current school atlases are multimedia products in a minor way. But this is insignificant when compared with the real electronic multimedia. The multimedia approach provides more scope for map use, such as the possibility to attach images to all legend boxes: vegetation (photographs of species), geomorphology (animations of landform shaping processes), soil types (images of soil horizons) or geology (index fossils) come to mind, but the same can be done with socio-economic legend boxes.

Accompanying texts can draw the user's attention to patterns and anomalies, explain them and might even put questions in order to check whether the user got it correctly. But most of all, by using multimedia, one would be able to convey information to the user through that medium that would perform optimally and most effectively.

A paper school atlas by necessity is selective: it provides examples of developing countries, of superpowers and of developed countries. It shows the whole world only at a low resolution, as the number of maps it can contain cannot be but limited. As the storage capacity of electronic atlases is of a higher order, these atlases can provide a complete coverage of the Earth at a higher resolution than paper atlases. This complete coverage instead of a limited number of fixed map frames allows for zooming and panning, so that any detail of the Earth can be visualized on the screen. This is different from paper atlases where only a limited number of fixed map frames is presented.

Because in electronic atlases information on the same area can be stored in layers, the maps of any area can be customized and adapted to specific requirements. Legibility constraints are less severe here as compared to paper maps, as any area that is cluttered too much can be zoomed-in upon or, when overview is required, some of its layers can be turned off. Paper maps have to be legible at any time, for any constituent area rendered, so have to sacrifice detail through generalisation. The number of information categories portrayed will be a compromise between legibility constraints and information requirements. For electronic atlases these constraints can be removed more easily, as indicated above.

In paper atlases the maps are the final product. All information has to be derived from them, by analyzing, reading or interpreting them. In electronic atlases the maps function more as a serving hatch: they are the interface between the user and the database: through the map the user can get at the statistics, photographs, videoclips, explanatory texts, etc.

2. Geography education objectives

The functionality required for electronic school atlases should both be a function of the curriculum, as prescribed by the educational authorities, and the potential contribution of the new medium as described above. In the Netherlands, apart from general objectives of the geography curriculum (providing a spatial frame of reference, providing an understanding of the existence of various physical environments that can be used differently by man; providing for a potential critical evaluation of socio-economic phenomena, and for the awareness that one should not pass on this planet to the next generation in a worse condition), some additional objectives have been stated such as:

- getting to learn to manipulate simple (statistical) digital files

- getting to know one's home region through simple research techniques

- acquiring the ability to link the perception of the risk to be hit by natural disasters (such as inundations) to the actual risks - perceiving the fact how specific interests may colour one's judgement and thereby one's representation of reality.

3. Influences on the functionality required

The functionality required for an electronic school atlas for a specific country will be a function of curriculum objectives, electronic medium opportunities, the atlas concept characteristics, expected atlas use contributions to the curriculum and, finally, of the contents of the paper atlas it was derived from (see figure 1):

Figure 1 - Influences on functionality required

a) The philosophy behind the objectives stated for school atlas use of course influence the functionality required. In the Netherlands this philosophy requires e.g. incorporation of exercises to learn to handle information systems, to query digital databases, in order to get access to relevant spatial information, needed to solve problems with a spatial component

b) On the basis of the electronic medium, one expects from an electronic (school) atlas interactivity, animations and multimedia.

c) On the basis of the atlas concept, the electronic atlas should contain:


- exercises in comparing maps


- exercises in working with access mechanisms


- general map use exercises


- references to cartographic rhetoric. 

Realization of rhetoric means that one should be aware of the views and standpoints of the cartographer - in our case this would be the views of the Dutch cartographer that wants to focus on those aspects of the position of the Netherlands in the World that are unique. This cartographer would use the Netherlands as a yardstick when assessing other areas; averages for the Netherlands will be used as norms in legends for maps of other areas. Realisation of the existence of rhetoric implies the ability to provide alternative maps or views on the basis of the same data.

d) On the basis of the geography education objectives the atlas should contain material on:


- natural disaster risk perception


- it should provide leads for the study of one's own home region.

e) Finally, the paper atlas it is derived from will also influence the digital school atlas, as it will be used in conjunction to it.

Specific maps in the paper atlas just ask for animation (maps of prevailing winds, commuting, migration, Wegener, the Ozon hole growth, shifting cultivation and desertification). In other maps the legends are potentially too abstract (the formation of geomorphological types can better be explained through video clips). In other cases specific map patterns or attribute information require textual explanations. In the case of the Netherlands, one of the most crucial aspects is an elevation map - linked to risk perception this should be modeled in a digital environment (as a digital terrain model), thus enabling students to experiment with setting water heights in order to see what happens if somewhere a dam bursts.

Because of different functionality, paper and electronic school atlas can never provide the same services to education.  They should complement each other. The paper atlas should interest in the subject and the electronic atlas should provide additional information.

4. Functions available in electronic atlases

One could discern the following groups of functions in electronic atlases (Simon van Leeuwen 1995):

I General functions

II Navigation functions

III Map functions

IV Database functions

V Atlas functions

VI Educational functions

VII Cartographic functions

VIII Map use functions

IX Other functions

Amongst these groups there are some functions that have been mentioned as essential in the preceding paragraphs for a product that is acceptable on the basis of the requirements stated in section 2.

Amongst the general functions are the ability to produce screen dumps, or otherwise save, import or export files. These general functions are considered so normal that they will not be listed amongst the requirements.

Amongst the navigational functions are some equally normal functions as described under I), such as turning the computer on or off. Apart from those there are some specific navigational functions for electronic atlases:

a) the ability to retrieve or mark the route followed through the atlas

b) the ability to retrieve the starting position in the atlas

c) the ability to show on an overview map the position of the cursor in the area one 
zoomed in upon.

d) the possibility to show on a "map" or scheme where exactly the user is in the 
electronic atlas

e) the ability to jump from one map with a specific theme to another one with the 
same theme

f) the ability to jump from one map of an area to other maps of the same area with 
different themes

g) the ability to show the north arrow at the point of the cursor.

Amongst the map functions  are such as turning the legend on or off, providing the scale (in whatever form), providing marginal information, comparable to the information provided in the margin of paper maps. The provision of 4-d information (longitude and latitude, altitude and local time) is equally relevant:

h) the ability to query the coordinates on any point of the map

i) the ability to query the height above sea level at any point of the map

j) the ability to query the local time at any location

Amongst the database functions belong the possibility to perform whatever queries on the database, but especially:

k) the ability to query all map objects regarding their attribute information (including 
the statistical files behind a thematic map).

Amongst the atlas functions are the ability to access the atlas information and the ability to compare files on the same area by confronting their visualisations with each other through different windows:

l) the ability to provide largest resolution representations of maps on which typed-in 
place names are rendered.

m) The ability to compare different maps on the screen.

Amongst the educational functions are those meant for making the pupils remember the subject matter, or to stimulate pupils or to allow teachers to follow the pupils' advances, such as:

n) including explanatory texts behind the maps, that explain map patterns

o) memory-functions (where did I stop last time?)

p) indicating preferential routes to be followed through the atlas

q) subdividing the subject matter into parts that can be accessed when certain criteria 
are met

r) monitoring pupil's achievements

s) providing animations of processes

t) working with simple models

u) game functions

v) competition functions (who performed the test with the best score, or within the 
shortest time?)

Amongst the cartographic functions are the ability to change or modify the representation on the monitor: change colours and class boundaries or classification systems, so for example:

w) zooming and scrolling

x) the ability to produce one's own maps on the basis of the files made available

y) the ability to update or to add one's own information

z) the provision of explanatory schemes for every projection used

aa) the ability to change projections

ab) the ability to rotate maps

Amongst the map use and analysis functions belong annotation functions, measuring functions and simple GIS functions - the latter also in view of the basic philosophy that the atlas should educate the students towards the use of GIS:

ac) the possibility to annotate maps in the atlas

ad) the possibility to mark the maps (with lines, point symbols) and have these 
manual additions plotted separately

ae) the ability to show imagery behind hotspots

af) the ability to show animations, with the use of slide bars

ag) measurement functions (for distances, surface areas, travelling times, directions)

ah) the ability to analyse possible correlations between map images

ai) the ability to work with simple GIS functions like buffer or overlay

Finally, amongst the remaining functions are those for accessing texts, graphics, animations and sound.

5. Functions selected for school atlases

As the final products have to be inexpensive, manageable and handy,  a selection of all these desirable functions might have to be made. That is why a hierarchy of these functions has been produced, (see table 1) on the basis of their reasoned-out relevance for a school environment.  Important factors are the general pleasure or well-being in working with the final product (which therefore has an irritation value which is negligable) and its support in learning to work with geographical information systems.

Table 1 - Hierarchy of functions for school atlases (those mentioned first are considered most essential)

1) zoom and scroll functions

2) the possibility to query all map objects

3) accessing large-scale maps with the required locations by entering placenames

4) including explanatory texts behind the maps

5) ease of retrieving the start position in the atlas

6) overview map function

7) showing user's position in the atlas on a map or scheme

8) ability to compare maps through use of adjoining windows

9) marking routes through the atlas

10) showing images behind hotspots on the maps

etc (see Appendix 1)

So amongst the first 10 functions that are deemed essential there are no animations, computational functions, modifications of the database, provision of 4 dimensional data on locations, neither are competion or pupil monitoring functions.

6. Scenarios and strategies
The selected functions, added to the subject matter prescribed by the curriculum, have to be integrated in an overall scenario which links the various parts into a meaningful whole. In this case it might be appropriate to devise a strategy for getting the new medium accepted first. This strategy will depend on the degree of penetration of adequate platforms (in the Netherlands, adequate platforms are generally available in households with school-going children, as opposed to primary and secondary schools), but also on the cooperation of teaching staff that has to get used to the new material and its possibilities. 

This strategy also has to be linked to the general trend expected in school atlas development. A first step might be the publication of a diskette in order to get teachers used to the new medium. The second phase would be the introduction of a CD-ROM next to the current school atlas. The third phase might be publication of a CD-ROM with an accompanying sized-down paper version of the atlas.

The themes used to transfer relevant skills would be, for the Netherlands,:

a) the home environment

b) evaluation of the atlas structure and the influence of the editor/cartographer on the 
perception

c) risk perception of natural disasters

d) learning topography and working with satellite imagery

e) learning to handle and analyse simple statistical files

The framework for the first two phases would be: to bring material for exercises around the paper atlas which will remain the main asset of the publisher for the time being. The kind of use made of both diskette and CD-ROM atlas, because of the platform situation, will be doing tasks or homework at home by 14-18 year old pupils.

a) the diskette

Because of its restricted storage capacity, only three themes have been selected (teaching topography, learning to handle statistical information and learning to study one's home region), added to an also restricted number of functions. Learning topography could be supported by having map objects blink and typing in matching names, or vice versa. Handling statistical files could best be taught in conjunction to existing maps in the paper atlas. The teacher should be able to say: this map in the atlas is a subjective one; I give you the assignment to come up with another relevant image based on the same data. The ensueing discussion can then show that the atlas editor or cartographer had a specific intention in visualizing the file the way they did - e.g. in order to compare with relevant threshold values, such as averages for Europe, or in order to be able to compare it with other maps that have a similar classification system.

It will be harder to provide material to help students study their home environment. Obviously, there will be no storage room for specific information on the home environment of every student. The only feasible thing to do would be to create an opportunity to access relevant topographical or statistical files and create an infrastructure to import these data from which, at a municipality level, a number of parameters can be accessed. It is especially relevant to see whether the situation is better or worse in neighbouring municipalities! Average income, age group size classes  (16-20 year) etc could provide for instance enough material to decide on the best location for a CD-shop.

In order to combine the three themes (home environment, topography and statistical files) users could start by typing in their school address. The values valid for this municipality or county would from that moment be the starting point (index value 100), and these values would be used as reference. Pupils would look at the rest of their country and the world through these glasses, and in this way would be able to directly relate foreign data to their home environment.  The diskette in this way becomes a comparison-machine, for which the topography will provide the framework and the statistical data the matter. The home environment will be the norm, and four or five levels will be discerned: home municipality - home county - home state -  country  - the world. A proper metaphor might be scaling: constantly comparing which area preforms better and thus assessing its place in the hierarchy.

b) the CD-ROM

CD-ROMs can store more data and have more functionality and would really be able to show the possibilities of the electronic medium. An appropriate metaphor here would be the map itself: a living map and a map as a gateway to the database.

The "living map" metaphor teaches us we live in a dynamic world. According to the curriculum a number of dynamic phenomena should be discussed, but the current teaching aids we use to accompany this discussion are still static. Even if we included a number of animated maps in our CD-ROM, that start to move when turned on (weather map) or that can be played at one's own pace, they do not really move of their own accord. We should try to simulate the real world more - not because of the gadgets but because of the added impact. We should try to emulate the real infrastructure around us by showing cars moving on the road signatures, trains on the railway lines and ships through the canals.

The map as gateway to the real world metaphor, or to put it more modestly, as interface to our databases , necessitates all map objects to be queryable. This presupposes knowledge of atlas structure, and of access mechanisms, such as name indexes, subject indexes and indexes of cartographic hotspots that can be zoomed-in upon. Amongst the access mechanisms is the realization by the students of the atlases' bias: it will be centered upon one's home country or upon one's home continent. Far away places will only be available in less detail. The default sequence of the maps will be tuned to the home market. The CD-ROM will do more than the diskette: the diskette aims at comparing the world to one's home region. The CD-ROM aims at putting one above this, by making one realise how one is limited by these comparisons with one's home region.

Starting point for a CD-ROM school atlas for the Netherlands could be a signpost which points at different maps: a road map, planning area map, satellite image, weather map, height model, municipality map and a physical landscape map. Pupils would look at the same reality through different glasses - the metaphor of the kaleidoscope would force itself upon us here. Links between the different maps would be available. Possibilities for the municipality map and the topographical map have been described already for the diskette. The height model would be the link with the risk perception theme. It will provide interest to the pupils when they will be able to rotate it, scale it, inundate it, both from the sea (hothouse effect of global warming) or from the rivers. They could raise the water table of seas or rivers until it flows over the dykes, or just cut the dykes somewhere. For their own home town they could work out to which height the water table would have to rise before they get threathened themselves.

A number of these items and functions listed should be part of the database, others would be part of the shell in which the data will be imported. Some functions will depend on structuring both database and shell: the production of one's own maps on the basis of available files is an example: apart from structuring the data in the database to allow for this, a mapping program should be part of the shell. For adding images, attributes should be included in the database that refer to multimedia components.

Providing the height at a specific location is only possible when height-information is stored in a DTM, This can only be done for a restricted part of the world, e.g. the home country. Otherwise an extra CD-ROM would be needed.

Specific software would be needed to allow one to mark one's route through the electronic atlas, or to retrieve the starting point. This would belong to the shell as well. All in all, the development of a suitable shell for electronic school atlases would be an interesting project for coordinated efforts. Olev Koop has indicated the scope of such projects elsewhere in the proceedings. 

Simultaneous to the development of the atlas, evaluation mechanisms should be worked out in order to test educational aspects of the beta version of the atlas. Up till now evaluation in most cases amounted to a ranking on a number of issues, like (Parker et al 1993, Barker and King 1993):

- learning effectiveness

- ease of use

- cost




- availability

- interactivity



- ease of access

- interaction styles


- quality of experience

- synchronicity


- level of imbedded intelligence

- continuity



- effectiveness of media utilization

- cohesiveness


- nature and level of ancillary support 

- interface quality


- complexity of delivery element

- engagement



- tailorability

This kind of ranking is difficult to perform objectively and the score of the various issues is hard to compare. Interactivity, engagement and tailorability score high in the literature on courseware evaluation (Barker and King 1993). As cartographers we have paid insufficient attention to these aspects, and part of our future research should be directed at developing satisfactory measurement tools for these atlas use aspects. Without such tools a discussion on atlas functionality will remain rather academic.
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Appendix 1 - Hierarchy of desirable functions for electronic school atlases

1) zoom and scroll functions

2) the possibility to query all map objects

3) accessing large-scale maps with the required locations by entering placenames

4) including explanatory texts behind the maps

5) ease of retrieving the start position in the atlas

6) overview map function

7) showing user's position in the atlas on a map or scheme

8) ability to compare maps through adjoining windows

9) marking routes through the atlas

10) showing images behind hotspots on the maps

11) including map animations

12) working with simple models

13) computation functions

14) ability to draw one's own maps on the basis of available files

15) memory functions

16) game functions

17) ability to update maps

18) ability to rotate maps

19) ability to add lines etc to maps

20) ability to change map projections

21) provision of coordinates

22) provision of height information

23) provision of time at specific location

24) working with simple GIS functions

25) indication by teachers of route to be followed to solve problem

26) subdividing the atlas subject matter into parts that can be assessed when certain criteria have been met by the user.

27) monitoring the pupils' achievements

28) showing animations of processes

29) providing explanatory schemes for map projections

30) showing the north arrow

31) possibility to analyse similarities between maps

32) competition element

33) ability to rotate maps

34) possibility to go from map to map with the same theme

35) possibility to go from map to map of the same area with different themes

