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Abstract

:

Disorientation is a common feeling for all users of zoomable multi-scale maps, even for those with good orientation and spatial skills. We make the assumption that this problem is mainly due to the desert fog effect, documented in human–computer interaction within multi-scale zoomable environments. Starting with a collection of reported experiences of disorientation, this paper explores this notion from the spatial cognition, philosophical and human–computer interaction perspectives and proposes a model of disorientation in the exploration of multi-scale maps. We argue that disorientation is a problem of reconciliation between the current map view and the mental map of the user, where landmarks visible on the map or memorised in the mental map play a key role. The causes for failed reconciliation are discussed and illustrated by our collected experiences of disorientation.
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1. Introduction


When we want to explore a new place we intend to visit, an interactive multi-scale map can certainly prove to be a useful tool. However, over 15 years since Google Maps first made them widely available, multi-scale interactive maps continue to suffer from a particular ailment: cartographic disorientation when zooming vertically across geographic scales or panning horizontally to new areas that were previously off-screen.



What follows is a typical example regarding cartographic disorientation that several of us experienced while planning to attend a conference (in this case, a conference in Kobe, Japan). Using Google Maps, we began at zoom level 11, which represented Osaka Bay, with the city of Kobe represented as a strip of land between the northwestern part of the bay and the mountains to the north. We quickly oriented ourselves to this map image. We then zoomed in heavily to search for the conference location: Kitano Meister Garden, which was pinned on the map thanks to a previous address search. Immediately, the contextual landmarks we used for spatial reference at zoom level 11 vanished. The mountains? Gone. The port and bay? One would not know the previous features existed, and even if a person did, he or she would not necessarily know in which direction they were (Figure 1). We were presented with entirely new cartographic features, predominantly streets and buildings. However, because we had never been to Kobe, the map at this scale was largely useless as a contextual tool because we could not get our bearings. The symbols and street names were meaningless. We were forced to zoom in and out and pan back and forth several times to capture other landmarks at different scales and distinguish the location of the conference venue within the city. If one tries to reproduce this story with the zoom interaction currently implemented in Google Maps, one will notice that the transition from zoom level 11 and zoom level 17 is much slower and smoother. A user cannot jump across several zoom levels when using the mouse wheel anymore. However, this slow zoom is not implemented with the finger pinch interaction, and the other mapping applications based on tools such as Leaflet or OpenLayers still enable these zooms across several levels.



Every day, millions of people using pan-scalar maps—interactive maps designed to provide pan-optic usability across multiple geographic scales [1]—must potentially muddle through cartographic disorientation as we did. This disorientation during z-scale zooming is well documented and was even given a label, the “desert fog effect”, by human–computer interaction specialists before the invention of pan-scalar maps [2]. It earned this name due to the disappearance of visual cues while zooming, similar to how sand storms in deserts reshape the dunes and remove visual cues. It not only happens in pan-scalar maps but also in many other digital interfaces with zoom controls (e.g., [3]). However, if we want to mitigate this desert fog effect by designing better pan-scalar maps [4], we first need to better understand how and why such disorientation occurs among users of these maps.



Though spatial cognition researchers have made many discoveries regarding disorientation during wayfinding tasks, including while people are actively using maps, pan-scalar map disorientation outside of active wayfinding is different and deserves to be examined more thoroughly. We are not interested in the disorientation people can experience using any map but rather the one that is specifically attributable to the interactions available in these pan-scalar maps. This disorientation is more subtle and probably less damaging than the one occurring when people get lost during a journey, but it is also more ubiquitous. Paramount to such an endeavour, researchers need theoretical models on which to build and test this specific type of cartographic disorientation. This paper proposes a model of disorientation in pan-scalar map exploration. The forthcoming theoretical model is informed by the literature on disorientation in spatial cognition, neurosciences, human–computer interaction, and philosophy. We discuss the pan-scalar disorientation model using a corpus we are currently building that allows users to report experiences of disorientation during the exploration of maps.



This paper is structured as follows. Section 2 provides some definitions about disorientation and pan-scalar maps. Section 3 describes our collection of reported experiences of disorientation. Section 4 describes the proposed model for disorientation and discusses how the disorientation experiences described in the previous section can be explained by the model. Section 5 discusses the possible methods to carry out user surveys and measure or analyse this disorientation, and it summarises how we see this model being used in the future to design pan-scalar maps that minimise disorientation.




2. Related Work and Definitions


Human disorientation is a phenomenon of form and origin that is particularly diverse, and it has been investigated in different domains [5,6,7]. Montello accredits the origin of a phenomenon of geographic disorientation from a certain awareness of being lost, adding that we are more or less conscious of being lost all the time and that it is its degrees and intensity vary [7]. This statement seems to come from a property of spatiality sensed in previous works. “Spatiality is the property of reality that reflects the fact that everything is not at one location” [8]. This awareness can wrongly be ignored during a period of time and thus may magnify one disorientation feeling [6]. There are many definitions of disorientation [5,6], or of being lost, and they all refer to being lost in the real world, assisted by a map or not. Being lost or disoriented during the exploration of a pan-scalar map is not the same phenomenon, but we base our definition of disorientation on the straightforward and simple definition of geographic disorientation by Montello [7], which also applies to our problem:



Definition 1.

Disorientation occurs during the exploration of a pan-scalar map when people are consciously aware that they do not know where exactly the place depicted on a map is or where they need to go (horizontally or vertically) to get to the desired map view.





Montello also conceived being lost as realizing that one does not know enough (or does not have enough information available) for what one thinks is needed for the task: “being lost requires us to believe we know less than we think we want or need to know” [7]. This conception seems to reflect the importance of expertise in pan-scalar map (dis)orientation, as it is the expertise that enables the assessment of needs (e.g., how to make the map communicate through interaction, where to look, what is the significance of a symbol or at the scale at which one is). In a cartographic exploration, this may be understood as the absence of proper cartographic information, impeding reconciliation between the cartographic communication to an existing mental representation. For an unknown environment, this feeling of disorientation could be revealed with the awareness of our incapacity (or at least the struggle) to construct a mental representation from cartographic communication (Figure 2).



There is a vast amount of research on the definition of cartography as a communication process [9,10,11,12,13,14], and we do not aim to revisit all these models in this paper. The model from Kolacny can be seen as a linear communication process. However, with pan-scalar maps, the process has become more of a communication loop, where the cartographic language constantly updates based on interactions stemming from the user’s mind. To summarise, pan-scalar map disorientation is less likely when both the cartographer and the map user are highly skilled in cartographic literacy. Unfortunately, it is likely rare that this is the case.



For phenomenologists, disorientation comes from “the link between our sense of space and our sense of possibility” [6,15]. It may rejoin Tuan’s sense of place, where he said that a mental map gives a person “a degree of assurance that we would not otherwise have” [16]. Geographical spaces of small scales are mainly constructed of cartographic perceptions of views [17,18,19]. However, people can obviously also build their mental representations with direct experiences [6,17,20,21]. To sum up, we compose our mental representation of a space according to our direct navigation of the environment or through the perception of maps and other media (e.g., language, books and film). These explorations build, reconcile, affirm or contradict our initial conception: “Within such spaces, we constantly move around. We explore geographic space by navigating in it, and we conceptualise it from multiple views, which are put together (mentally) like a jigsaw puzzle” [22]. In an interactive map and its exploration, we can pay attention to details or remain passive and let the map communication compose itself as an existing mental representation. Casati notes that the feeling of disorientation could trigger a modular change for reorientation practices (towards a more attentive mode, for example): “a certain outcome may feel ’fishy’; expertise plays a role here” [23]. Disorientation seems to intervene when the perception of multi-scale cartographic elements rubs against and resists an existing mental representation.



Then what is the desert fog effect mentioned and studied by researchers in human–computer interactions? It does occur with different types of interactive tools and not only maps [3,4,24]. Based on the description from Jul and Furnas [2], we propose the following definition of the desert fog:



Definition 2.

The desert fog effect occurs while navigating in a pan-scalar map when the navigator faces a map view totally devoid of navigational cues.






3. Experiences of Cartographic Disorientation


Though it is a common feeling to all users of pan-scalar maps, disorientation can be multi-fold, and we decided to collect the experiences of people feeling disoriented during the exploration of a pan-scalar map to better characterise the many sides of this feeling. Such a corpus is also a way to assess the proposed model of disorientation, which is described in Section 4. Different corpora of disorientation cases have been proposed in the past [7,15], but there are two reasons why we decided to collect a new one. First, the existing corpora collect experiences of geographic disorientation, and this is not exactly the same phenomenon as the one we are interested in. Second, these corpora are not openly available for any researcher to work with. Our proposed corpus is still under construction, but some of the stories summarised in this section already show different forms of disorientation.



The first story (  S 1  ) takes place in Berlin, Germany (Figure 3) and illustrates the importance of salient structures on a map to prevent or correct a disorientation feeling. The story is fully reproduced below:


“Friend of mine was in Berlin and wanted to visit the USSR war memorial. Task was to (1) locate where it was, (2) see if was walkable, taxi, bus or train, (3) schedule visit and execute. He got lost in zoom trying to achieve these tasks. After several zooms in and out, he managed to anchor his exploration. At a large zoom level, centered on the memorial, he learnt the memorial runs close to a river. He learnt that it was close to a unique and significant water feature. The river became the salient anchor. It had a unique shape compared with other entities. It had a unique shape near the memorial that made the river differentiable. It became central to the decision making and the search for (1) distance to his hotel, (2) the search for metro stations, (3) the search for bus stops—as my friend panned and zoomed.”







The second story (  S 2  ) illustrates the importance of the mental map in the orientation and disorientation process. It takes place in the seaside city of Saint-Brévin in France, where a colleague is used to spending summer holidays. Her mental representation of the city is composed of a few blocks of buildings packed along a long straight beach (Figure 4). When she looked at the map for the first time, she was totally disoriented by the orientation of the city with the significant angle at the middle of the beach, and the map did not match her mental representation.



The third story (  S 3  ) illustrates one of the obvious characteristics of pan-scalar maps: the scale continually changes as users pan and zoom. While zooming and looking at a topographic map from the French National Mapping Agency, the protagonist of the story noticed a long pink linear feature, which is the border between France and Italy (Figure 5). They were disoriented because they could not tell what this feature was, and they thought it could not be the border because it was not supposed to be visible at this scale, according to the scale estimation made during the exploration.



If we consider the Kobe story mentioned in the introduction as our fourth story (  S 4  ), the last story we want to use in this article shows how the trust people have in a map can cause disorientation (  S 5  ). Someone was zooming in on Paris, France using the OpenStreetMap.org pan-scalar map when they encountered a representation of the quays of the Seine River, which caused disorientation (Figure 6). This part of the quay is now a pedestrian road, but it was represented as a secondary road on the map. As they trusted the map, the map reader became disoriented, suddenly questioning whether they were actually where they thought they were. If they had used Google Maps in this case, where the quay is rendered as a pedestrian road, then the disorientation probably would not have occurred.




4. Cartographic Disorientation as a Reconciliation Problem


4.1. A Model of the Exploration of Pan-Scalar Maps


To model the disorientation that occurs during the exploration of a pan-scalar map, we think that it is necessary to first better define what this exploration is exactly. We define pan-scalar map exploration as a function of time in Definition 3:



Definition 3.

The exploration of a multi-scale map is the function   E ( t )  , which gives a map view (i.e., the map extract that appears on the screen) or a transition between views (i.e., a zoom or a pan) for any time t of the exploration.





Figure 7 illustrates how the exploration can be deconstructed into several steps using this definition. In this example, the user is searching for the train station of La Baule in France. Starting with a small-scale view of the coastal town and its surroundings, the user searched for the railroad and zoomed in before quickly panning, as the zoom was imprecise and not centred on the railroad. Then, seeing a train station, the user zoomed in once again but realised that this new view (  M  V 4   ) did not show the correct train station. After a zoom out and a pan, the user zoomed in again on a train station, and the visualisation of   M  V 6    confirmed that this was where the train station was. During this dynamic exploration, there were multiple times when the user could experience disorientation, and we can see that it is not only a single map view that users try to localise but a complete path.




4.2. Conceptual Model of Pan-Scalar Map Disorientation


In this section, we propose a model of (dis)orientation during the exploration of a pan-scalar map (Figure 8). This model was inspired by the model of attention proposed in neurosciences [25], as we assume that orientation is both a pre-attentive and attention-based cognitive process [23]. We argue that orientation is a reconciliation process conducted by the spatial working memory [23,25] between the views of the map (and even the whole exploration path) and the mental map.



In this model, we differentiate the three types of memory: working memory, short-term memory and long-term memory [26]. The working memory, and more precisely the spatial working memory, is the brain component that processes the spatial information that we see and reconciles the information with our mental representation. This mental representation can use short-term memory, the part of the memory that is easily accessible but suffers from limited storage capacities and decays over time [27,28]. This is where we store the large river that we saw in our previous map view before zooming. Obviously, the mental representation is also mainly stored in the long-term memory, which knows that Paris is the capital of France and contains the famous Eiffel Tower (Figure 8). The more we remember the past views of the map and connect them to our long-term memory mental map, the better we reconcile the current view. This is why it is important to study how memorable a map is [29,30,31]. Mental maps and representations are much more complex than physical maps; they are a cognitive collage [32] or a cognitive multi-scale atlas [33] (i.e., a set of fragments of mental maps) at different scales and locations connected with topological (mainly) and metrical (sometimes) spatial relations.



The theory of anchors states that these fragments of mental maps are connected by important landmarks or cognitive regions (a person’s home, workplace and the city he or she lives in) that are spatially connected with the other elements of the mental map [34]: “Cognitive regions are regions in the mind, reflecting informal ways individuals and cultural groups organise their understanding of earth landscapes” [35]. For most French people, France, Paris or the Alps are cognitive regions that people have stored in their long-term mental maps. We consider that the atomic components of the mental representation are either cognitive regions or landmarks [36,37] when the atomic element is too small or thin to be considered as a region containing other regions or landmarks. For instance, apart from perhaps people having strong and repeated experiences inside the Eiffel Tower, the tower cannot be considered a region but more a punctual landmark.



Figure 9 further illustrates the principles of the reconciliation as a process similar to the georeferencing of an aerial image with control points but in a much less metrical way. When a symbol of the map or a group of symbols is interpreted as matching one of the cognitive regions or landmarks from the short-term or long-term memory, it serves as a control point to reconcile the map view and the mental map. Similar to georeferencing, several control points are often necessary to reinforce a reconciliation. As there are different modes of cognition [23,38], there are different modes of reconciliation. A first mode would be a pre-attentive one, which is automatic, fast and imprecise but gives a “local and acceptable result”. A second mode would be modulated by attention and “operates slowly and stepwise, intensely uses working memory, and is, in general, more accurate” [23].



Figure 10 illustrates with three maps the factors that can influence the first mode of reconciliation: the pre-attentive phase. This pre-attentive mode would be guided by Gestalt considerations [39,40], as pre-attentive salient structures help this first match with the mental map. In the map of Figure 10a, the sea clearly stands out as a Gestalt element and can be pre-attentively matched to the cognitive region of the Atlantic Ocean. More generally, this pre-attentive phase is the one where the reader makes sense of the cartographic symbols [41,42,43], so a clear cartographic language with symbols and colours that are easy to interpret should help this first reconciliation. Figure 10b illustrates the importance of saliency [44] in the pre-attentive phase, as some symbols are really salient. Finally, the role of clutter is illustrated in the third map, where the amount of similar symbols in terms of colour and size limits the pre-attentive recognition of landmarks and cognitive regions [45,46]. The pre-attentive visual variables have gained recent interest in cartography [47,48], and it will be beneficial to understand what makes a map symbol pre-attentively remarkable.



Regarding the second mode of reconciliation, where attention is involved, the research covers visual searching [49,50,51,52,53]. In particular, the guided search theory is interesting because it explains that searching for a target in an image is guided by both top-down (i.e., the attention) and bottom-up (i.e., what stands out in the image) information [52]. If this visual search is too complex because of the bottom-up information, the cognitive load of the task [54] might be too heavy and cause disorientation. If we focus more on the literature in cartography, the role of text is prominent in this attentional mode of reconciliation [55]. The reconciliation is easier if we can see and read text information that refers to our cognitive regions.




4.3. Causes of Failed Reconciliations


In this section, we discuss how the proposed model can explain different causes of disorientation in the use of a pan-scalar map. We first propose four causes for being lost during exploration:




	
The person has no mental representation of the map view and its surroundings in space and scale, which may occur when exploring an area he or she does not know, such as in the Kobe example (  S 4  ). This means that the map exploration at previous scales did not provide enough landmarks to reconcile with the map view.



	
A drift in the past reconciliations of the exploration can also cause disorientation. If the past reconciliations slightly deviate, with each time leading a little more deviation, then one end up being unable to reconcile his or her mental representation with the map view. This can happen, for instance, when using long landmarks, such as the Spree River in Berlin in (  S 1  ).



	
The lack of landmarks in the map view can also cause a failed reconciliation, even though one has a mental representation of the map view. This can be due to a cluttered map view [45], for instance, or by design choices (e.g., a person use the subway stations in his or her mental representation of Paris, and they do not appear on the map). The situation in (  S 3  ) also shows that landmarks can be there but are deceptive (lack of updates, for instance).



	
There can be confusion with the interpretation of map signs, which prevents the reconciliation. The last two items show that multi-scale map exploration is not yet fluid, as defined by Elmqvist et al. [56], as there are problems in promoting flow and direct manipulation of the maps during exploration. In this paper, (  S 3  ) and (  S 5  ) are two different examples where the map signs were not interpreted correctly.



	
There can be a spatial distortion between the map and the mental representation. The situation in (  S 2  ) is an example of such a distortion where the mental representation is deceptive. As mental representations are based more on topology and spatial relations, this phenomenon happens frequently.



	
The cognitive regions, landmarks, anchors, cognitive images, geographical concepts, etc. our mental representation is built on are mentally dependent on the scale [18,19,57]. This is what can be called the persistence of an element [19]. When one reconciles the map with his or her mental representation, one somehow guesses the scale of the map while connecting its landmarks and cognitive regions to the ones of his or her mental map that are also related to a scale. The situation in (  S 5  ) shows that when one’s guess of the scale is wrong, the reconciliation can fail.



	
Pan-and-zoom expertise or just map exploration experience plays a role in the success of the reconciliation process. For a given task to accomplish with a pan-scalar map, there is an infinite number of possible exploration paths, but not all of them are efficient, and some will cause more disorientation than others. Expertise helps in choosing the good (if not optimal) exploration paths.








We have seen in the definitions that disorientation is not only being lost but also being aware of being lost, so we also reviewed the causes for discovering that one is lost when exploring a pan-scalar map:




	
Reconciliation is a dynamic process, and we update the reconciliation of our entire exploration path at each view. We also anticipate the reconciliations at further scales, and this anticipated reconciliation can fail, making us realise errors or drifts in our past reconciliations. Figure 11 shows two examples where our brain might anticipate what we will see when zooming out. On the left, the half-circle formed by the orange road is deceptive if we anticipate seeing a full ring road, and on the right, in this map of a coastal town, we anticipate the blue area to be the sea, but it is a lake, and the sea is south of this place. More simply, if one cannot find on the map the restaurant or museum he or she is looking for, it is a signal that he or she is lost.



	
The contrary might also bring awareness of being lost (i.e., the presence of a known landmark that should not be there). This is quite common when zooming in heavily on a map (e.g., if one wants to zoom in on New York, and Boston appears after the zoom, then one knows that he or she is not where he or she is supposed to be and zooms back out).



	
The lack of landmark and cognitive regions in the map view is a cause for being lost but also helps to realize one is lost.








We can also differentiate the cases of failed reconciliation based on the duration of this failure. Sometimes, the reconciliation fails at a pre-attentive stage, but then an attention-guided search in the map helps one reconcile it with his or her mental representation. This happens when the map changes a lot with a zoom, and a person cannot use the landmarks from the previous map view for a pre-attentive reconciliation (Figure 12). We can link this short disorientation to the desert fog effect [2]. When the disorientation goes beyond the pre-attentive observation of the map view, and even a closer inspection of the map cannot reconcile with one’s mental representation, then this is not only a desert fog effect, and the disorientation feeling is quite similar to the one occurring when people get lost during a trip.





5. Pan-Scalar Anchors


Though inspired by the anchor theory in spatial cognition [34], what we call a pan-scalar anchor is a different concept, mainly because the pan-scalar anchors are elements of the pan-scalar maps and not of the mental representation [4,58]:



Definition 4.

A pan-scalar anchor is a cartographic symbol, group of symbols or spatial relation between symbols that is salient or recognisable in all the maps at several consecutive zoom levels.





As a consequence, pan-scalar anchors would reproduce in the map the role that anchors have in our mental representations. A pan-scalar map with many good pan-scalar anchors should be much easier to reconcile, as long as the anchors are the same in the map and the mental representation of the user. We make the assumption that the current pan-scalar map lacks good anchors, either because the potential anchors are not visible in scale ranges that are large enough or because when they are visible on the map, they are not pre-attentively visible, or they are too transformed across scales to be visible as one anchor. To illustrate this assumption, we list below the anchors used by the protagonists of our five stories.



In (  S 1  ), there were three anchors used by the protagonist: the Spree River, the fork confluence point of the Spree close to the monument and the park around the monument. However, these anchors were not used initially when disorientation was experienced, and we can wonder if this was due to a lack of expertise or if it was because these anchors were not so salient at the smaller scales.



In (  S 2  ), the anchors were clearly cited by the protagonist (i.e., the sea, the Loire River, the beach point and the town of Saint-Brévin). However, disorientation was not caused here by a multi-scale exploration path, so it was not possible to argue if these were good anchors.



The situation in (  S 3  ) is interesting because it shows how several pan-scalar anchors with a good spatial distribution could help to easily grasp the approximate scale of the map view. Here, the only anchors used during zooming were the town of Bourg-St-Maurice and the road in the valley that crossed the town. Another anchor, such as a prominent summit close to the border, would have helped the protagonist to understand that the large pink line really was the border because it was close to the summit.



The story in (  S 4  ) is rather similar in terms of pan-scalar anchors. The claimed anchors were Osaka Bay, the port, which can be seen as a particular region of the bay, and the mountain above Kobe. However, there was no anchor in between in the city of Kobe, and when the protagonist zoomed in strongly, none of the three anchors were visible, causing disorientation. In this case, the protagonist had no long-term memory map, so they only relied on the short-term memory map enriched with the visual anchors, but there was nothing salient in this pan-scalar map aside from the three aforementioned anchors.



The final story (  S 5  ) focused on the centre of Paris, where the anchors were the Seine River, Sebastopol Boulevard and Cité Island, which served as control points to precisely locate where the quay became a pedestrian street. In this case, the anchors played their role, but it was another element of the map that caused the disorientation. The strength of the anchors (there was no doubt in the protagonist that they were looking at the right place) convinced them that there was a problem with the map and not with the orientation.




6. Discussion


Though the vision components of the presented model focused on attention, the peripheral vision represents 99.9% of a visual scene [59], and it undoubtedly plays a role in the reconciliation process. The information in the peripheral vision is lossy [60], but it is used in most visual tasks, such as visual searching [59]. For instance, peripheral vision is used to obtain the “gist” (i.e., the context of a visual scene) [61], which might be important for reconciliation of the map scene with specific regions. As a consequence, we believe that the proposed model should be extended by considering the role of peripheral vision in the reconciliation and its role when reconciliation fails. Research on the role of peripheral vision for different tasks should be studied to understand how it applies to the reconciliation process in pan-scalar maps [62].



Though the model for pan-scalar (dis)orientation proposed in this paper is based on factual experiences of disorientation, it requires experimental results to show how much it explains or does not explain the disorientation people can feel during their exploration and their use of pan-scalar maps. User studies are common in cartography [63], and different methods can give feedback on different parts of the model. First, the pre-computer technique of paper-and-pencil drawings has been extensively used in spatial cognition but is still valid with pan-scalar maps. The participants in a user study can draw one’s mental representations of their exploration path, following past research on mental representations [64]. We can also ask participants to draw on the map to mimic the attention phase, as drawing requires attention [23]. As disorientation is also a feeling of disorientation, we believe that think-aloud techniques [65] are necessary to really capture the motives of disorientation. Obviously, eye tracking will be necessary to analyse the pre-attentive phase [66] and understand how much eye fixations are used or if the peripheral view is key to collecting bottom-up landmarks. However, eye tracking could also be useful in analysing the paths of fixations and saccades [67] during the attentional phase of reconciliation. As a complement to eye tracking, interaction logging (i.e., logging zoom and pan interactions [68], or mouse movements [47,69]) should be useful for both characterising disorientation through interactions and assessing the impact of disorientation on these interactions. For instance, pan-scalar disorientation should cause more zooming in and out and back and forth. One last interesting method is to give the user a task that involves zooming [70] and to assess how much failed reconciliations impact the success of the task.



The proposed model of disorientation is already based on neuroscience considerations, with the integration of attention and the three types of memory, but a much deeper use of neurosciences might be interesting in the future for two reasons. First, experimental techniques could be useful to better characterise brain activity during different types of reconciliations. Electroencephalography (EEG) has been used recently in cartography research to better understand the brain’s reactions during a task involving a map or a geovisualisation [71,72]. Such experiments could confirm that the two modes of attention for reconciliation do exist. Then, more precise techniques, such as functional magnetic resonance imaging (fMRI), which have already been used to study the impact of cartography on brain activity [73] could help us better understand the interactions between the cognitive functions that decode the map and the mental representations stored in our memory. More generally, collaborations with neuroscientists would be necessary to better characterise the proposed model of pan-scalar (dis)orientation.



The last question we want to discuss in this paper is in fact the one, as cartographers, that initiated this research: how do we improve pan-scalar maps to reduce disorientation? From the experiences we collected in the corpus, we believe that disorientation is closely related to how pan-scalar maps are designed and used. If we analyse the differences between the way a single map and a pan-scalar map should be designed, then this can explain what we should do to improve pan-scalar map design.



First, a map at a single scale is designed to contain all the necessary information for its use in a single view, while a pan-scalar map should have the information optimally distributed across scales. If we consider only topographic maps, single-view maps are only designed for an attentional exploration of the map, while the pan-scalar map should be designed to allow both pre-attentional and attentional visualisations, as some map views are only short steps of the exploration path. This exploration path can also be used in the design of the map. For instance, instead of using size or color as visual variables to convey hierarchy, we can use the scale of appearance [1].



In order to improve pre-attentional reconciliation, we believe that it is really important to design pan-scalar maps with salient pan-scalar anchors [4]. The use of progressive or continuous map generalisation could be useful too, as would a reduction in cartographic clutter. To improve the ease of reconciliation, it is also important to favour the enrichment of mental representation during exploration.



In the case of places that the user does not have experience with prior to map exploration (  S 4  ), helping the user build a local mental map in his or her short-term memory could facilitate further reconciliations during exploration. One issue that is mentioned only indirectly is the speed of the current explorations of pan-scalar maps. People feeling disoriented usually pan and zoom very quickly during their experiences. We would like to test if going a little bit slower during zooming would help to better reconcile and reduce disorientation.



Finally, story (  S 2  ) highlights the importance of the distortions between the mental representation, mostly based on non-metrical spatial relations, and the map. A more naive cartography [22] might help to trigger a reconciliation based more heavily on those non-metrical spatial relations.
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Figure 1. Maps of Kobe at different scales from Google Maps, showing the differences that cause the desert fog effect. 
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Figure 2. Simplified version of the cartographic communication model by Kolacny [9]. 
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Figure 3. Zoomed-in view of the Berlin memorial of the Soviet War on top and a view at a smaller scale, where the Y-shaped river section can be used to find the memorial (source: Google). 
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Figure 4. Illustration of the spatial distortion effect with a mental representation of Saint-Brévin, France on the left and the corresponding map extract on the right (©OpenStreetMap contributors). 
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Figure 5. The map that caused the France and Italy border disorientation experience, where the border is the wide pink line (source: IGN). 
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Figure 6. On the left is the OSM map that caused the trust disorientation experience, with the quay that is now pedestrian still represented as a secondary road. In the Google map, the quay is correctly represented as a pedestrian road (source: Google and OpenStreetMap contributors). 
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Figure 7. A pan-scalar map exploration to search for the train station of La Baule in France. The exploration was composed of phases where the user inspected map views and transition phases between two map views (source: OpenStreetMap contributors). 
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Figure 8. Reconciliation model of (dis)orientation during the exploration of pan-scalar maps. At each new view, the spatial working memory connects and reconciles the content of the map view with the mental representation of space, which is temporarily enriched by the previous views visited in the exploration path. 
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Figure 9. Illustration of the reconciliation process (i.e., locating the map view within one’s mental map). 
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Figure 10. Three examples illustrating the pre-attentive mode of reconciliation. (a) The sea is a clear Gestalt element that enables a pre-attentive reconciliation (source: IGN). (b) Some touristic venues of Paris are highlighted with symbols that are very salient compared with the map background (source: Google Maps). (c) This cluttered map limits any pre-attentive reconciliation due to the amount of rendered information (source: OpenStreetMap contributors). 
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Figure 11. Two examples where a failed anticipation might occur. (a) The Gestalt principle of closure anticipates a ring road around the town of Chateaubriant, France, whereas it only covers three fourth of the extent. (b) The water surface in the coastal town of La Grande Motte, France seems to be the Mediterranean Sea, but it is a lake, and the sea shore is just south of this place (©OpenStreetMap contributors). 
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Figure 12. Two consecutive scales at zoom levels 14 and 15 where the map changes a lot, preventing pre-attentive reconciliation based on common landmarks (source: IGN). 
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