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1. Eye-tracking as an evaluation method 

 

Availability of time-series spatial data and wide access to computer tools has resulted in broad 

use of cartographic animations. A growing amount of animated maps poses new challenges, in 

which the efficiency of cartographic communication is of concern (Opach 2005). 

There are various methods for studying usability of maps in general. The methods range from 

traditional surveys (Suchan and Brewer 2000) to unobtrusive data gathering such as eye-tracking. In 

recent years the use of eye-tracking in cartography has increased (Fabrikant et al. 2008, Çöltekin et 

al. 2009, Brodersen et al. 2001, Fabrikant et al. 2010, Li et al. 2010). Availability as well as 

development of both eye-tracking software and hardware is believed to be the major reason for this. 

Eye-tracking provides the ability to record eye movements in unobtrusive manner relying on 

specialized equipment. Earlier studies using eye-tracking have primarily treated the stimuli as static 

representations. Although, several studies have also focused on exploring new approaches or 

analysis methods for eye-tracking data to accommodate better cartographic stimuli and qualities 

associated with this (Garlandini and Fabrikant 2009, Çöltekin et al. 2010). 

Despite the increased focus on eye-tracking, the question remains unanswered on how eye-

tracking is suitable as an evaluation method with cartographic animations as stimulus. In this paper 

we explore the suitability of eye-tracking on two different cartographic animations in an attempt to 

answer this question. 

We have conducted two eye-tracking experiments with 10 participants each for both an 

isolated cartographic animation (semistatic animations) and a complex animated map 

(the Kampinos Forest animation). We have used standard analysis tools to assess and gain 
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experience on their strengths and weaknesses when cartographic animations are used as stimuli. The 

experience gathered in this process is described throughout this article as well as our suggestions for 

improvements. 

  

2. Introduction to the animations 

 

2.1 Semistatic animations, integrating past, present and future 

 

Traditional map animations have several issues associated with them. The most notable are 

split attention and disappearance (Harrower 2003, 2007). They are both affected by the fact that 

animations display frames with changing content. In effect, the viewer needs to pay attention to the 

animation in order to not miss information. In addition, the animation may have several different 

elements that are attracting the userôs attention, such as timeline or legend. This causes the viewer 

to choose between the information and risk the possibility of losing information displayed at the 

same moment on other parts of the animated map. 

Static maps are not affected by the same issues as map animations. First of all the information 

does not change, allowing the viewer to use unlimited amount of time for viewing. However, static 

maps are ill-suited, compared to animated maps, in displaying information which changes over 

time. Animations have been the most accepted by the non-expert user. 

Semistatic animation is a concept which combines the qualities from both static and animated 

map representations (Nossum 2010). The idea is to represent all information of an animation in 

every single frame of the animation. This allows the user to visually look back and forth in time in 

the animation without the need to control the flow of the animation. Figure 1 illustrates two 

different proof-of-concept implementations of the semistatic concept using weather and temperature 

maps as a case study. Figure 2 explains the symbols used to incorporate the complete information in 

the map animations. Temperature and weather were chosen to investigate the possibility of different 

information classes: numeric (temperature) and textual (weather/symbolic).  

A web experiment has been conducted to test the performance of the concept (Nossum 2010). 

In total the experiment included over 200 participants and aimed at comparing the semistatic 

implementation with its traditional equivalent. The analysis has given surprising results related to 

the performance of different tasks in comparison with our expectations. In later sections we will 

compare the results from the web experiment with the outcomes from the eye-tracking tests carried 

out in this study.   
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Figure 1. Proof of concept implementation of the semistatic concept: A. temperature map 

animation, B. weather map animation.  

Animations available at: http://geomatikk.ntnu.no/projects/semistatic/. 

 

 

 

 

 
 

Figure 2. Essential elements of the symbols incorporating the complete information of the 

animation. To the left: Temperature symbol with numeric information visualized as a line graph. To 

the right: Textual information visualized using pictograms. 

 

 

2.2 The Kampinos Forest animated map, multi -scenario and multi -component 

 

Multi-scenario and multi-component animated map of the Kampinos Forest (Figure 3) was 

introduced to facilitate understanding the spatio-temporal landscape changeability as well as to 

investigate factors which influence an effective use of complex cartographic applications. 

When visualizing spatio-temporal geographic changeability it is often not enough to display 

one animation (Monmonier, 1992). Sometimes it needs to be coupled with other ñcomponentsò 

(maps or non-cartographic presentations) to identify the associations between different variables. 

Variety of used components depends on topics and presented areas. In general, the following 

http://geomatikk.ntnu.no/projects/semistatic/
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components can be listed: the main animated map, various navigation panels, animated/static cross-

sections, animated/static diagrams and small animated maps with geographic context. 

The usefulness of multi-component animated maps relies on their functional advantages. Of 

great importance is to investigate possible fields of use and to define suitable sets of components. 

Therefore the cartographer should specify the sets of components which are important for the 

knowledge acquisition and the task solving. We called these sets of components ñmap scenariosò. 

The Kampinos Forest animated map has been divided into five map scenarios. Figure 4 shows their 

structure.  

It is also the cartographer who should make easy accessible map scenarios. To meet this 

challenge we designed the opening window (Figure 3A) ï an introductory element of the map 

interface which describes all map scenarios and map components in a suggestive manner. 

The linking of various visualization techniques may increase the efficiency of the cartographic 

communication process. However, the role of multi-component animations should be investigated 

deeper. Split attention is of concern as the main disadvantage when using such cartographic 

applications. As a result the eye-tracking technique has been employed for revealing how the 

Kampinos Forest animated map is used. 

 

 

Figure 3. Screen snapshots captured for the opening window (A) and the scenario ñfor advanced 

analysisò (B). This scenario comprises the main animated map, the small animated map, animated 

cross-sections and navigation components with set of graphs. 

 Prototype available at: http://www.geomatikk.ntnu.no/prosjekt/KampinosForest/. 

 

 

http://www.geomatikk.ntnu.no/prosjekt/KampinosForest/
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Figure 4. Five map scenarios implemented in the Kampinos Forest animated map. 

 

3. Experiment 

 

The experiment was conducted during week 12 in 2010 in the usability laboratory of the 

Norwegian University of Science and Technology and St. Olavs Hospital. In total 10 participants 

were recruited. All tests were performed in a dedicated room. The hardware used was a Tobii X120 

eye-tracker and PC with a 19ò screen. Video and audio recordings were controlled by Tobii Studio 

using a standard HD web camera.  

The experiment was divided into two consecutive parts and lasted around 35 minutes per 

participant. The first part consisted of the semistatic map animations; the second part comprised the 

Kampinos Forest map. The stimulus were implemented as web pages and displayed using the built-

in browser functionality in Tobii Studio. During the tests the participants were presented tasks that 

they should solve by either using or looking at the displayed stimuli. Answers on the tasks were 

recorded using HTML forms with pre-defined options.  

 

4. Analysis of eye-tracking data 

 

4.1 Semistatic animations analysis/results 

 

The results from the earlier web experiment (Nossum 2010) are used in comparison against 

the eye-tracking experiment. Several differences in the performance of semistatic and traditional 
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animations were identified in the mentioned web survey. The eye-tracking experiment used the 

exact same stimulus and questionnaires as the web experiment did. But, of course with fewer 

participants the results are not representative for a population. However, the results follow the same 

pattern as the web experiment. 

We use both of these results as basis for the following analysis. The eye-tracking data 

provides an insight into the behaviour and can support better the exploration of why the 

performance differs between the web experiment and the eye-tracking experiment.  

The eye-tracking experiment was divided into two map animations: temperature and symbolic 

weather. The participants were given three tasks for each animation: trend on one location, trend 

over space and time and a memory task.  

We have used the built-in areas of interest (AOI) tool in Tobii Studio to calculate statistics of 

the eye-movement data. Figure 5A shows an example of this. Tobii Studio includes additional tools, 

where ñheat mapsò and ñgaze plotsò are the most common. For this experiment the gaze plot and 

heat maps were not suitable. Figures 5B and 5C show examples of a gaze plot and a heat map for 

one task only. The gaze plot results in an enormous visual clutter, not suitable to use further. The 

heat map aggregates too much and not respecting the temporal variation which results in not 

uncovering anything other than what we already knew; that participants were going to look at the 

points of interest. This is reminiscent of the early arguments against using eye-tracking for 

cartographic studies (Fabrikant et al. 2008). 

 

 

Figure 5. Examples of: (A) areas of interest, (B) gaze plot and (C) heat map. 

 

The statistics produced by Tobii Studio using the defined AOIs provided more insight into the 

participantôs behaviour. For each task, for both the temperature and symbolic weather animation, 

we have analyzed three different statistics: fixation counts, observation length and time to first 

fixation. For all of these statistics the variance in the data is unfortunately very high. This can be 
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due to few participants and that the tasks and visual stimulus open for a lot of variance in viewing 

strategies and general user behaviour.  

As a result of the very high data variance the statistics can only be used to provide indications 

on a general pattern and not provide representative results. However, several interesting patterns 

were discovered in the analysis of the data.  

The results from the earlier web experiment (Nossum 2010) indicated that there was a 

significant difference in the performance (correct answers) between the semistatic and the 

traditional animation. Based on this we expected the viewing behaviour to be similarly different 

between these two types. However, in general the analysis of the eye-tracking data revealed that the 

viewing behaviour were surprisingly similar. All three of the metrics used indicated very similar 

viewing strategies and behaviour. Figure 6 shows the results of the questionnaires from the web 

experiment and the eye-tracking experiment respectively. Both of these results indicate a difference 

in the performance of the two different animations. Based on this it is natural to assume that the 

cause comes from different user behaviour. However, Figure 7 shows the results from the eye 

movement analysis. All of the three metrics shows a very similar behaviour for both the traditional 

and the semistatic animations. There are only minor differences between the fixation counts and the 

observation length. The similar behaviour is in some ways contradicting our initial beliefs from the 

questionnaires. However, the eye movement analyses are based on 10 participants where the data 

has a very high variance. Averaging the data may produce a false view of the actual behaviour.  

 

 

Figure 6. Results from the questionnaires in the web experiment and eye-tracking experiment 

respectively. 
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Figure 7. Results from the eye movement analysis. Showing very similar behavior for both the 

traditional and the semistatic animations. 

 

The observation of different indications based on different experimental techniques underlines 

the necessity of including several methodologies in evaluating maps and map animations especially. 

The results presented here do not provide an in-depth answer to why the difference in answers 

occurred. Other more sophisticated analysis methods are needed to properly analyze the individual 

participant and compare their eye movements both in relation to the spatial behaviour but also in 

relation to the temporal dimension. As illustrated here the standard analysis methods do not 

facilitate this. Although Tobii Studio does include the possibility of investigating individual 

participants and re-play their eye-movements with the stimulus ï we find this method not satisfying. 

Even with our experiment involving only 10 participants the data becomes too rich to manually re-

play and analyze in an adequate and accurate way.  

Despite the similarities in most of the eye movement analyses there are some interesting 

results we like to emphasize. The task; Trend over space and time was believed to be the most 

challenging task. The participants were asked to imagine they were planning a trip and were 

interested in the weather. They spent one day at each location. The semistatic animation has the 

advantage that it is possible to look both in the past and future of the information, regardless of the 

animations current time. This is not possible in the traditional version where the user needs to pay 

close attention to both the current time and to look at the correct position at the correct time in order 

to get the correct information.  


