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ABSTRACT: The research deals with usability issues in geo-visualisations. It develops options for multiple geo-visualisations that provide different perspectives of spatial information, examines the potential of individual and multiple geo-visualisations and tests audiences from different background to investigate how people visually explore land cover changes using multiple geo-visualisations. It is suggested that geo-visualisations matched with a smart learning strategy or thought convention can reduce cognitive load, minimize learning confusion and enhance understanding.
1. Introduction

Different geo-visualisations, such as 2-dimensioanl (2D), 3-dimensional (3D) and realistic visualisations in either static or dynamic formats, facilitate spatial data exploration, communication and understanding in different perspectives (Bishop and Karadaglis, 1997; MacEachren et al., 1999; Verbree et al., 1999; Appleton and Lovett, 2003). There are claims, in a variety of applications, that dynamic representations are better than static, 3D representations better than 2D, and realistic representations better than abstract ones (Koussoulakou and Kraak, 1992; Peterson, 1995). We argue, however, they might be the other way round in terms of actual cognitive gain. Are these geo-visualisations equally effective at different stages or for different applications and with different audiences? Should we explore the potential of integrating these individual geo-visualisations to allow diverse users to see their data from different perspectives (Slocum, et al., 2001)? Are multiple visualisations more effective for enhancing users’ comprehension of changing reality for different applications as opposed to a single approach or view? Some of these questions are investigated and answered in this research. We deal with usability issues in geo-visualisations, in order to 
· test single against multiple visualisations to examine different multiple geo-visualisations in terms of enhanced comprehension;

· Investigate the effectiveness of options of multiple geo-visualisations in enhancing users comprehension of land cover changes;
· explore how users adopt different strategies to visually explore spatial information examine;
2. Multiple geo-visualisations


Visualisation, in view of cognition, is the process of mental image formation and knowledge construction through computation, simulation and transformation of invisible data and models into displayable images. People not only perceive information, but act as active respondents to filter ‘noise’(unnecessary to them), selectively retrieve information, organise and store the information acquired in their peculiar way and form an individual mental model for further recognition and interpretation of reality. In theory, human comprehension of the real world can be categorised as either top-down (concept-driven) or bottom-up (data-driven) (Matlin, 2002). Researchers have found that top-down comprehension provides overviews at various levels of abstraction and can influence our ability to recognise and understand real objects (Bar and Ullman, 1996; Storey et al., 1999). The comprehension of reality in the bottom-up approach is built from recognising specific objects and then mentally chunking them into a higher level abstraction (Shneiderman, 1980). As such, we propose a multiple visualisation model integrating different visualisations, which could extend users’ choices when viewing data and comprehending the real world by generating mental models appropriate to their comprehension strategy. We assume that, in sophisticated visualisation environments, users with various discipline knowledge can easily access tools to design, produce, modify representations and explore spatial phenomena using diverse available methods.
 

A sample scheme of multiple visualisations is illustrated in Figure 1.1. 2D, 3D and virtual environments in either static or dynamic formats are available in multiple views for different applications or different stages of tasks. They can be flexible in terms of formats, scales, viewpoints or levels of realism. Multiple view layouts, for examples, the combination of V1 and V2 on the right or V1, V2 and V3 in the middle or V1, V2, V3 and V4 on the left, could be presented flexibly. Suppose V1 is presented in a 2D format, then a 3D model in another view, when helpful or effective, can be introduced to produce alternative mental models for enhanced comprehension or even virtual environments to increase the realism of mental models. The usefulness of the different available layouts depends on users’ preference and task requirements. These may also be enhanced by providing dynamic linked visualisations which can engage audiences, promote diverse vsiual thinking and increase the efficiency of comprehension (Koua et al., 2004). Switching from one model or view to another during the interactive learning session would have cross-referencing effects for understanding or even constructing knowledge by cross-referencing mental models (Storey et al., 1999). 

[image: image1.png]2D

3D

VE

Static

Animation

Interaction





Figure 1.1 A sample scheme of multiple visualisations
3. User assessment

3.1
Visualisations settings


A formal user assessment conducted in the study tested participants’ performance in answering specially designed objective questions regarding land cover changes. Different visualisations, specifically 2-dimensional (2D), 3-dimensional (3D) and realistic visualisation, were selected from a previous study of land cover changes (Chen et al., 2005), and tested in both individuals and combined formats. Four options with each combining 2D, 3D and realistic visualisation in either dynamic or static format, are briefed as follows: 
· Combination or Option 1 fitted with three views: dynamic 2D (abbreviated as 2DD, with changed snapshots of land covers), static 3D (3DS), and dynamic realism (RD, with changed snapshots of land covers) (a snapshot displayed in Figure 1). The representations were shown as 2DD alone, 2DD and 3DS together and then all three representations together. 
· Combination or Option 2 included three views of dynamic 3D (3DD, with changed viewpoints), static 2D (2DS), and RD. They were shown in the order of i) 3DD alone, ii) 3DD and 2DS combined, and iii) 3DD, 2DS and RD combined views. 

· Combination or Option 3 fitted with three views of 2DS, RD, and 3DS. They were shown in the sequence of i) 2DD alone, ii) 2DD and RD combined, and iii) 2DD, RD and 3DS combined views. 
· Combination or Option 4 included three views of RD, 3DD, and 2DD. They were shown in the sequence of i) RD alone, ii) RD and 3DD combined, and iii) RD, 3DD and 2DD combined views. 
	
[image: image2.emf]Dynamic 2D, static 3D and dynamic Realism

N

N



	Figure 1 - Option One, the mixed dynamic 2D, static 3D and dynamic Realism


3.2
Participants and test environments


The formal test was carried out on post-graduate students from the Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences. A total of 64 students were recruited, considering consequent statistical analysis and significance testing. Their majors covered GIS, cartography, human geography and urban planning, physical geography, arid ecology, agriculture and biology. Ranging from the second year of Masters to the first year of PhD study, they were seen as median-level users and randomly divided into four groups, 16 each. Each visualisation option was run exclusively for one randomly-sampled group, one after another at different available times. Presented and explained explicitly by the organiser, students were exposed to three visualisation shows progressively on the high-definition Plasma TV (106cm), sequenced by the first visualisation of one map-view, followed by the second visualisation of two combined map-views and finally, the third visualisation of three combined map-views. For each visualisation of the three, ten identical questions were answered individually. Each session ran some 25 to 30 minutes without interruption.
4. Result and analysis

4.1
Effective comprehension


The first four questions, listed below, were tested to examine comprehension of the existing patterns of land cover, and the key results showed either 2DS or 3DD was more effective than 2DD or RD. 

· How many land use/cover types can be recognised
· List five dominant land use/cover types in terms of area
· In which direction does river flow
· Rank irrigated land, city, desert and grassland from highest to lowest in elevation. 

For questions 5 to 10 as listed below, more emphasis was placed on the changes and consequently, the comprehension produced by 2DD was overwhelming.
· What land use/covers changed significantly from 1978 to 1998
· Is there an increase in irrigated land from 1978 to 1998
· Is there a decrease in residential area from 1978 to 1998
· What land use/covers types may increase in the near future
· Are parcels of land use/cover types becoming more integral or fragmentary
· What are the drivers on these land cover changes
4.2
Changes in comprehension


1)
Visualisation variations


The enhanced effectiveness brought by multiple visualisations was further examined by comparing the second and the third visualisations against the first. The changed degree of comprehension in percentage was estimated by computing the difference between current and preceding correct rates, and divided by the preceding one. Table 1.1 and Table 1.2 listed the changed degree of comprehension from the second to the third, and the first to the third. A paired T-test was then used to examine the significance of changed comprehension. 
Table 1.1
Changed degree of comprehension from the 2nd to the 3rd
	Q
	O1
	O2
	O3
	O4

	
	RD added to. 2DD/3DS
	RD added to 3DD/2DS
	3DS added to 2DS/RD
	2DD added to RD/3DD

	Q1
	6.5
	2.0
	3.3
	17.6**

	Q2
	-2.9
	4.3
	1.6
	27.6**

	Q3
	0.0
	0.0
	7.6
	0.0

	Q4
	-11.3
	9.8
	90.5**
	-12.5

	Q5
	5.2
	94.0**
	22.3
	35.5**

	Q6
	0.0
	55.4**
	0.0
	27.2

	Q7
	0.0
	9.0
	33.3
	24.2

	Q8
	2.2
	-9.4
	63.7**
	20.8*

	Q9
	-13.3
	59.7
	0.0
	39.9

	Q10
	-20.9**
	103.2*
	26.7
	12.3*


Bolded figures denote the degree of improvement; Underlined figures denote the degree of reduction; O: option; Q: question number; Measurement unit is in %; ** Significant improvement (p<0.05); * marginally significant improvement (p<0.10)

Table 7.2
Changed degree of comprehension from the 1st to the 3rd
	Q
	O1
	O2
	O3
	O4

	
	3DS/RD vs. 2DD
	2DS/RD vs. 3DD
	RD/3DS vs. 2DS
	3DD/2DD vs. RD

	Q1
	18.0**
	17.7**
	4.4
	64.3**

	Q2
	6.3*
	22.0**
	-2.9
	39.4

	Q3
	0.0
	0.0
	7.6
	28.5

	Q4
	-6.0
	1.5
	60.0
	59.1**

	Q5
	29.1
	373.4*
	1564.5**
	49.8

	Q6
	27.2*
	298.9
	892.1**
	50.1

	Q7
	-6.2
	20.0
	693.7**
	7.2

	Q8
	4.8
	26.2*
	79.9
	9.4

	Q9
	-7.1
	59.7
	75.2
	75.2

	Q10
	-41.3
	96.9
	234.1**
	3.6


Bolded figures denote the degree of improvement; Underlined figures denote the degree of reduction; O: option; Q: question number; Measurement unit is in %; ** significant improvement (p<0.05); * marginally significant improvement (p<0.10)

These indicate that combined visualisations largely improve the comprehension. The reason for improved comprehension could be related to both an increase in available information – such as when a dynamic representation is introduced to supplement a static one – or because the different representation gives a different perspective on the same or very similar information – such as the introduction of a 3D view. Either additional information or different perspectives enable the enhanced understanding. As might be expected, higher levels of enhancement are brought by additional information (such as Options 1 and 4) than by different perspectives (such as Options 2 and 3).

In both O1 and O4, visualisations were presented in what might be considered, from a cognitive perspective, a natural order: either from 2D progressively to 3D and dynamic Realism or from dynamic Realism progressively to 3D and 2D, contributing step-wise to mental image formation and spatial cognition. More preferred the specific case of 2D-3D-RD order in O1, for it allowed an easy mental imaging from 2D overview to 3D in detail and dynamic Realism for specific enhancement. This combination and viewing order may reduce the amount of cognitive effort to solve information-equivalent problems. 

Visualisations assist scientists in developing their capability to construct mental spatial images (Ratwani et al., 2003). According to Trafton, et al. (2001), scientists establish and keep metal images connected to different visualisations by means of mental comparisons and adjustments. This cognitive manipulation of mental imagery (Kosslyn et al., 1999) includes mental transformations between 2D and 3D views and comparisons between different views. However, different cognitive efforts are required depending on the chosen representations. Although these combined visualisations used in this experiment are not the only available options, the favourable results for O1 and O4 suggest lower cognitive demand in them for mental imaging and comprehension facilitation. Combined visualisations requiring less cognitive effort and time use are likely to be favoured by visualisation consumers regardless of their experience. What may change is that some users, with training or previous experience, may find different combinations or sequences easier to work with and therefore preferred or more successful.

2)
Individual variations


The test results also show that individual capability in identification, comprehension and interpretation of spatial phenomena are likely to be different. Students with GIS/ Cartography background significantly outperformed other students, followed by the students in Human Geography, who demonstrated better understanding than students in Physical Geography and Agriculture. Their background may allow a clear understanding of land cover changes caused by rapid economic and social changes, such as population growth, economic and community development. The domain knowledge of other students may not equip them well to handle this adequately and, therefore, they have scored much lower than other students in either GIS/Cartography or Human Geography majors. Integrating both top-down and bottom-up comprehension strategies can ensure much higher levels of spatial comprehension, specifically shown by a few more talented students in GIS/Cartography or Human Geography. 
5. Conclusion


Different geo-visualisations have a variety of enhanced effects to enlighten cognitive responses. The combination of various geo-visualisations improves comprehension by adding either more information – such as introducing dynamic representations to supply additional information, or different perspectives – such as introducing 3D or realistic views of the same or a similar focused area. Dynamic representations can be more efficient and effective to reduce mental transformation from different perspectives to acquire equivalent information (Ratwani and Trafton, 2004). There may be no surprise that this research has shown the availability of explicit information enhances comprehension more than different perspectives. In particular, when dealing with changed land cover, extra information plays a crucial role, as shown in Options 1 and 4. Different perspectives, on the other hand, such as 3D, facilitate comprehension of elevation-related issues and realistic representation may confirm more subtle changes in features through more detailed views. However, visualisation consumers need to make extra cognitive effort to manage different viewpoints or changed scales, which potentially reduces the effectiveness of combined visualisations.
Well-combined geo-visualisations, considering human cognitive behaviours and the characteristics of different visualisations, may help maximise comprehension, as shown by Option 1. This suggests that better learning strategies or recognition of patterns may also improve efficient and effective comprehension. Visualisations with both static and dynamic features and with different dimensions are strongly recommended for maximising learning and comprehension.
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