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Abstract 

 
With increasingly available stereoscopic technology and techniques, it is interesting to investigate new ways of 

representing information using stereoscopy. Within this context a user study was performed to compare if it is 

worthwhile to use 3D map presentations over 2D, and to identify how much a 3D stereoscopic map can be 

slanted without losing the perception of information. Two different visual tasks were evaluated, these visual 

tasks were: 1) identification of the smallest distance between two points; 2) combinational task that included 

both the identification of the smallest distance between two points, and the comparison of bar heights. The tested 

visual conditions were a 2D („2D‟) visualization, static monoscopic 3D visualization („W3D‟), and a head-

tracking stereoscopic visualization („S3D‟). The respective performance was measured in terms of accuracy and 

time of execution of the stimuli. Results showed no benefit of using 3D map presentation over a 2D map 

presentation in both visual tasks. Slanting a 3D stereoscopic map, 55 degrees got the best performance. 
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1 Introduction 

 

Currently, with stereoscopy being increasingly available in terms of more favourable 

prices and resources to display it, studying new ways to use it, and how suitable it is to 

represent information using stereoscopy, can be a very interesting preposition.  

 

Normally map presentations are displayed using 2D layouts, but when displaying 

information in 2D some important information can be hidden with only one 

perspective of the view being accessible, thus limiting the real perception of all the 

available information. According to the literature 2D is better for tasks involving 

metric judgments and 3D is good to gain overall situation awareness, such as 

understanding shapes [1]. 

 

When visualizing information in 3D, additional display space is gained, more 

information is shown, and additional data variables can be displayed. Critically, with 

the introduction of the z-axis, more information can be represented, that otherwise 

would be available only with the x and y-axis. This approach provides also a familiar 

view of the world and solves the problem of hidden symbols [2,3].  

 

The perception of depth can be achieved in a 2D display by adding depth cues, and 

other cues such as perspective, shading occlusion can also be added.  Another 

technique used to achieve the perception of 3D, when using a 2D display with a 2D 

layout, is to distort the 2D layout. for example by tilting the image to an angle of 30 

degrees [4,1], however it must be noted that when using this technique problems like 

foreshortening might occur and wrong interpretation of the data is likely to happen, 

Figure 1. 
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Figure 1 [5]: Illustration of the foreshortening effect, rectangles more far away appear 

with different size from the ones in the front. 

 

According to the literature, depth cues are divided in monocular static (normally a 

static picture), and monocular Dynamic (normally a moving picture). The static cues 

are, Linear Perspective, Texture Gradient, Size Gradient, Occlusion, Depth of focus, 

Cast Shadows, Shape-From-shading and Depth-from-eye accommodation. However 

the most powerful cues are the Dynamic ones, as those allow for the rotation and 

movement of the objects as well as enabling the perception of depth. These cues are 

Kinetic Depth and Motion Parallax [6]. 

 

The Kinetic Depth effect is a visual perception phenomenon that considers the rotating 

movement of an object, which in turn enables the perception of a three- dimensional 

structural form. For example this occurrance can be demonstrated by projecting a bent 

wire to the screen and then rotating it, and on such case the brain will assume that the 

wire is a rigid three-dimensional structure (Figure 2) [6]. On the other hand, Motion 

Parallax depends on the motion of the visual scene that surrounds the observer, objects 

that are further away appear to move slower than objects closer; this process is used 

by the human brain to estimate depth in the visual field; it can also be used together 

with stereoscopy [7,8]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 [9]: Kinetic depth effect: the wire rotating  gives the perception that is a solid three-

dimensional object. 

 

When using a stereoscopic display, cues such as eye convergence and stereoscopic 

depth can be used. Stereoscopic displays have the advantage of increasing the 
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perception of depth relative to the display surface, and increase the perception of 

structure in visually complex scenes. It also improves the perception of surface 

curvature, motion judgment as well as improving the perception of the surface material 

type. It can help to better understand, or appreciate, the visual information in different 

application domains [10]. This happens because stereoscopic displays are able to 

present parallax of the image points. With parallax it is possible to create the illusion 

that an image is in front of the screen, negative parallax (Figure 3), and it is also 

possible to create a sense of behind the screen/far away with positive parallax. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3:Negative Parallax Representation: both eyes converge at a virtual point in front 

of the display surface.It causes the homologous points on the display to have negative 

parallax. 

 

Stereoscopic viewing is based on the fact that both eyes perceive slightly different 

images, generating that way a 3D mental model (Figure 4). Stereoscopic vision 

improves the relative depth judgment, and the ability to concentrate in objects that are 

located in different depth levels, enabling also a better judgment of the surface 

curvature [11].  

 

Human vision can influence the perception of stereoscopy, since not everyone can 

differentiate a stereo-image from a mono-image. Human vision can also resolve 

disparities of 10 seconds of arc visual angle [6], meaning that it is possible to perceive 

a depth difference between an object at a set distance, for example 1 kilometer, and 

another object that is in the infinity. There is also, there is another factor that is 

important to mention, i.e. visual comfort, as stereo displays can cause ocular fatigue, 

because of conflicts between cues. Cues can be associated to stereoscopy, such as 

motion parallax and kinetic depth, as that can improve the visual task performance, as 

well diminishing the perceived discomfort. 
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Figure 4 [12]: Both eyes  view the same image from a slightly different angle, forming a 

3D mental model. 

 

Figure 5:  Example of Monoscopic Image (left) and Stereoscopic Image (right) (anaglyph only 

visible in color printing). 
 

 

To visualize a stereoscopic displays there are several technologies available. 

Stereoscopic LCDs and 3D TVs (Figure 6-a), are mainly used for entertainment 

purposes. Those devices rely on a techonolgy known as interlace stereo, which is used 

to encode the left and right eye images, for example the right eye image is encoded by 

the odd lines and the left eye image by the even lines [13]. To see an image properly 

from those displays 3D glasses are needed (Figure 6-b); there are different types of 3D 

glasses but LCDs and TVs are used mainly with polarized glasses. This type of glasses 

are also used in 3D cinemas, because they do not need active synchronization, 

allowing many people to see a given image at the same time.  Another type of glasses 

used to see stereoscopic images rely on the use of red and cyan color filters for each 

eye, those allow anaglyphs to be seen correctly ( Figure 5). Nowadays, there exist also 

autostereoscopic displays, these are commonly called “3D without glasses”, because 

there is no need for glasses to see correclty 3D images. Another technology currently 

availabe, are shutter-glasses. These use an alternating frame sequences, to give the 

perception of 3D, showing the image on one eye at an alternating time [13]. Head-

mounted displays contain two small optical displays, one to each eye, showing slighty 

different images in both eyes (Figure 6-d). 

It is interesting to mention that to acquire a stereoscopic picture/video it is necessary 

to have a stereoscopic camera (Figure 4-c). This type of camera replicates the 

binocular vision that humans have, taking two images at the same time, allowing this 

way for the capture of a stereo image. 
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Figure 6: Stereoscopic devices: a -  Home Entertainment: 3D TV. b- Different types of 

3D glasses (normally used in the cinema to see 3D movies and to see anaglyphs). c -  

stereoscopic camera (used to record 3D movies). d - head-mounted display. 
 

 

1.1 Research aims 

 

The aim of this research is to compare and evaluate different types of representation of 

maps in a Desktop Virtual Environment associated with a Geographic Information 

System (GIS). The visualization conditions are 2D, static monocular visualization and 

stereoscopic visualization with head tracking.  

 

For that purpose a visual test was performed, used to evaluate the user‟s task 

performance, regarding times and correct answer. Identify some possible factors that 

can influence the perception of a visual task, and evaluate in how 2D differs from a 

non-stereo 3D visualization, and a stereo 3D visualization. Another factor to be 

evaluated is how much can a stereoscopic map visualization be slanted without losing 

the perception of the data contained in the map. 

 

a 

b 

c d 
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The two visual tasks suggested are: assessing distances, and a combinational task of 

assessing distances and evaluation of bar heights, as to find the biggest slope. When 

comparing the results of two different visual tasks, it becomes possible to evaluate if it 

is worthwhile to use stereo for map presentations. In addition, it is also possible to 

evaluate how better, or worse, stereo is when compared against 2D map presentations. 

In particular, considering that currently those are the most common map presentations, 

it was also compared against a static monoscopic 3D map presentation.  

 

2 Previous research 

 

Several studies have been conducted to investigate the value of 2D and 3D 

visualizations. The predominant task that has been tested is path tracking, but 

visualization of data has also also the subject of tests. The main point of all the 

experiments was to test the usefulness of using stereoscopy, and compare it with 3D 

mono and 2D.  

 

Ware and Mitchell [14] performed a path tracking experiment with a graph where 

several configurations were contained, including stereo, non-stereo, with motion cues. 

2D layouts of the graph were also tested. Results show that the configuration with 

both stereo and motion had the lowest error rate, followed with stereo or motion. 

When comparing 2D and 3D without motion cues, results show that the difference in 

the results is small but significant. 

 

Another path tracking experiment was performed by Beurden et al. [11], but in this 

case the goal of the experiment was to compare object motion and parallax movement 

with stereo. The task had two different difficulty levels, and participants controlled 

object motion by moving the mouse. Regarding the movement parallax the orientation 

of the object was calculated according to the user‟s position. Factors like the perceived 

workload and discomfort were also studied.  

 

Results show that adding stereo did not increase significantly the percentage of right 

answers or the time for the completion of the task. Also, object motion resulted in 

longer completion time but with more correct answers. Stereo and object motion 

together decreased completion time but when stereo was added to a static image it 

took more time to complete the task. Stereo and object motion lowered the level of 

perceived discomfort when compared only with stereo. When testing with movement 

parallax, adding stereo decreased the completion time, and movement parallax alone 

increased the completion time.  Stereo and movement parallax when compared with 

the static condition decreased the completion time. No main effect was noticed in the 

discomfort when there is stereo and movement parallax. Moreover, although 

movement parallax and stereo decrease the discomfort, without movement parallax 

stereo alone increases discomfort. 

 

Another study that attempted to identify the effectiveness of stereoscopy and smooth 

motion cues was performed by Schooten et al. [15]. In this case participants had to 

follow a path in a maze shaded with solid 3D structures. When evaluating the effect of 

stereoscopy and motion cues, results show that users performed the task faster with 

motion. Stereo and motion showed similar results, followed by stereo and no motion 

and lastly no motion. The conclusion, according to the results, was that motion cue is 

more important than stereoscopy, and stereoscopy alone is a contributing factor if 

motion is not present.   
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A user study regarding 3D visualization of the vector field data was performed by 

Forsberg et al. [16]. The tested variables were vector field methods, and the viewing 

conditions were mono and stereo. Five different tasks were performed and participants 

reported that tubes with Stereoscopy were the preferred configuration, as it gave more 

confidence in the answers, followed with Lines with Mono. 

 

A study that evaluated how effective it is to represent numeric values in 3D, was 

performed by Bleisch et al.[17]. In this case participants had to judge heights of 

different bar combinations, with numbers in four settings: static 2D, 3D desktop 

virtual environment, and with and without frames. When comparing values of two 

bars representing numerical values the task was completed with the same level of 

success both in the 3D setting and in 2D settings. 

 

An experiment was performed by Lind et al. [18] to display meta-information by 

slanting an image, and evaluate how much one can slant an image without loosing 

readability on that same image. Readability seems not to be affected if the slant for the 

display was less than 30 degrees.  

 

The perspective wall, created by Mackinlay et al. [4], folded and distorted 2D layouts 

into 3D visualizations, to allow for the visualization of a large amount of information. 

This way it was possible to provide an intuitive 3D metaphor for distorting 2D 

layouts, allowing also for smooth transitions between views. There was only a 

description of the perspective wall, the author did not present any empirical data 

results.  

 

St. John et al.[1], studied 3D perspective views on flat screens for operational tasks, 

such as shape understanding and judgment of relative positions. Tasks to compare 2D 

displays with 3D displays were performed. Those tasks consisted in understanding 

shape, as well as the identification of relative positions, distorting images and the 

identification of points in the image. For example, if from one point a user can see 

another point, that point would be higher in a topological map presentation. Results 

showed that 3D was superior for shape and layout understanding because it integrates 

all three dimensions into a single rendering, being possible to add supplementary 

depth cues and allow features of and object to be represented; results also showed that 

2D is better to tasks involving the judgement of relative positions,  as since there is no 

distortion present, it is easier to identify angles.  

 

Kjellin et at. [19] compared two different 3D visualization techniques, in terms of 

effectiveness and effeciency, to evaluate a space-time cube that contained discrete 

data. The studied techniques were a head-tracked stereoscopic visualization („strong 

3D‟) and static monocular visualizations („weak 3D‟), and results showed that the 

„weak 3D‟ visualization was as good as the „strong 3D‟. 
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3 Hypotheses 

Four research hypotheses  were formulated, based on previous studies made by St. 

Jones et al. [1],  Lind et al. [18] and Kjellin et at. [19]: 

 

H1: When accessing distances, for 2D and the static monoscopic 3D, results 

should not have significant differences in terms of performance. 

 

H2: When accessing distances, for 2D and stereoscopic 3D with the map slanted 

35 degrees, there should be significant differences.  

 

H3: When slanting a map to access distances, with intervals of 10 degrees, 

starting with 35 and ending with 65 degrees the performaces should be 

significantly different, regarding time of execution and correct answers. 

 

H4: When evaluation bar heigths in relation to their distances, the stereoscopic 

3D map should have significant differences when comparing with the 2D map. 

 

4 Methods 

 

In order to compare the usefulness of using 2D, as well as static monoscopic 3D and 

stereoscopic 3D for map presentations, user tests were performed. The tests were 

divided into three experiments, performed at the same occasion.  Each experiment was 

divided into sub-experiments.  The test population consisted of 18 subjects, males and 

females, with a age range between 18 and 65, both students and teachers of the 

University of Gävle. 

 

A stereo test was performed with each subject before and after performing the 

experiment, as to evaluate the stereo capability of the participant. At the end each 

participant filled in a survey that registered factors such as perceived visual 

discomfort, confidence in answers, familiarity with stereo displays, and if the subject 

was a frequent player of 3D video-games, the subject was also asked to make an self-

assessment of his 3D vision.  

 

 

4.1 Tasks, Stimuli and visual conditions 

 

There were two types of visual tasks performed, the first being the assessment of 

distances, by identifying the shortest distance between two points, with the second one 

being a combinational task that included the assessment of distances and evaluation of 

bars heights, finding the biggest slope.  

 

To perform each task a computer mouse was used, the participants were asked to click 

with the left button of the mouse on two points that were deemed as best candidates, 

when choosing the shortest distance; than the participants were asked to click with the 

left mouse button on the bottom of the two bars considered as the best candidates, 

when identifying the biggest slope. The participants could change their answers by 

clicking the right button of the mouse. The times for the stimulus presentation, first 

response and stimulus register were recorded. The time used to the evaluation was 

calculated by subtracting the “stimulus register” and the “stimulus presentation”, in 
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order to take care of the cases where the subjects changed their answers. The 

participants were asked to give more importance to the accuracy of their answers than 

to the time that they took solving the tasks. 

 

To each  visual condition there are 25 different stimulli calculated with a varying 

degree of difficulty.  To evaluate potencial learning effects the stimulli were divived 

into two blocks (Figure 7). Block 1 contains the first 13 stimullis and Block 2  

contains the last 12 stimullis. The stimulli were randomized per stimulus files, and 

balanced so that Block 1 and Block 2 have equally difficult stimuli.  

The order that the stimulli are presented in each block is random but is not the same 

for all subjects. This means for example, that for the same condition for all subjects 

the stimulus number 3 was the same, but the order in which the visual conditions were 

presented for each experiment was randomized; a protocol with the randomized order 

of  presentation to each condition followed, meaning that each participant had a 

different order in which visual conditions were presented. 

 

 
 

 
 

 

 

 

 

 

Figure 7: Schematic diagram of the stimulli data blocks. Block 1 contains the first 13 answers 

of each subject and Block 2 contains the last 12 anwsers of each subject. 

 

To perform the experiment three different visual conditions were choosen, two of 

them based on the Kjellin et al. [19]: 

 

 „2D‟ : the most comon way to represent a map nowadays is a 2D layout. 

 „W3D‟ (Weak 3D or Static Monoscopic 3D):  the map is visualized by 

using a weak orthogonal prespective projection. 

 „S3D‟( Strong 3D or Stereoscopic 3D ) : the map is visualized by using a 

stereoscopic image with head-tracking, also using a dynamic off-axis 

projection. The map moves acording to the participant‟s head movement, 

being possible to see the map with different prespectives. 

 

4.2 System 

 

A  LCD Stereoscopic display, with alternating polarization on even and odd lines was 

used. The screen resolution was 1920 x 1080, with a vertical resolution corresponding 

to half of the screen resolution.  

 

To see the Stereoscopic images, 3D polarized glasses were used, and an IR LED was 

added to the center of the glasses to perform head tracking (Figure 8). The display 

coordinate system is set in the tracking calibrated coordinate system.  

The tracking  device is composed of 4 cameras (Figure 8) and it was calibrated every 

day, as to warrant the same conditions for all the subjects.  
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Figure 8: Experimental Set-up: tracking device composed of four cameras and 

stereoscopic LCD  (left). A Participant performing the test during a  ‘S3D’  configuration 

(right). 

 

 

4.3 Stereo Test 

 

Before starting the experiment, a test to evaluate the test participants stereo-vision was 

performed. The test was not an eliminatory factor; the results of the test will be used 

for helping to understand the overall results of the experiment. The test was also 

performed at the end, to eliminate possible errors and to study the learning effects of 

the participants when it comes to 3D vision. 

 

In this test the subjects had to identify if a grid was in front of  behind a window, using 

the keyboard to select their answer (Figure 9). 

 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Figure 9: Image from the stereo test. Objective of the test is to identify if the yellow grid 

is in front or behind the black window (colors not perceived in black and white printing) 
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4.4 Experiment 1: Comparison of 2D, weak 3D and strong 3D 

 

In this experiment participants were asked to identify the smallest distance between 

two points in a map visualization, each point was represented by a red ball. To register 

each answer the user had to click with the mouse in two points. The conditions tested 

„2D‟, „W3D‟, with the map slanted 35 degrees (according to Lind et al.[18] the 

perception of the information is only significantly affected with distortions between 30 

and 40 degrees), and the last condition tested was „S3D‟, where the map was also 

slanted 35 degrees. Figure 9 shows the „2D‟ and the „W3D‟ conditions.   

 
 

 

 
Figure 10: ‘2D’ map (left). Map slanted 35 degrees, used in the ‘W3D’ condition ( right), for 

the ‘S3D’ condition the same slanting angle was used but the image is stereoscopic. 

 

 

4.5 Experiment 2: Slant angle for strong 3D condition 

 

In this experiment the participants were asked to identify the smallest distance 

between two points in map visualization, each point was represented by a red ball, to 

register each answer the user had to click with the mouse in two points.  

The conditions tested were all in „S3D‟. The map presentations were slanted 45, 55 

and 65 degrees; Figure 11 shows the three tested conditions.  
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Figure 11: Map slanted 45 degrees (left), 55 degrees (middle) and 65 degrees (Right). In the 

experiment the images were shown using stereoscopy, but due to representation issues they are 

represented here by a non-Stereo image. 

 

4.6 Experiment 3: Assessment of values in relation to distance 

 

In the last experiment the participants were asked to perform a combined task. They 

had to evaluate the smallest distance between two points as well as the heights of bars. 

The task was to identify the biggest slope, meaning that they had to choose the two 

bars that were closer and had the biggest difference in height (Figure 12).  

 

 
Figure 12: Schematic representation of a slope (left) and representation of   a slope in the 

experiment environment (right). 

 

 

 

The visual  conditions tested were „2D‟ and „S3D‟, with the map slanted 65 degrees. 

Figure 13 shows the tested conditions.  
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Figure 13: 2D map with bars (left), 3D map slanted 65 degrees with bars (right).  The image in 

the right was shown using Stereoscopy, but due to representation issues they are represented 

here by a non-Stereo image. 

 

 

The data collected from the experiments was analyzed, and different statistical 

scrutiny was performed. First a general descriptive statistical analysis was performed, 

using the results obtained on each experiment, and with the answers from the surveys 

and stereo-test. The hypotheses were tested using a t-test and ANOVA with Tukey-

Test. 

 

5 Results 

The performance levels were measured using two variables; percentage of correct 

answers and time to solve each condition. The most important factor to consider for 

the performance measure analysis was accuracy of answers, followed by the time it 

took to solve the task. 

 

5.1 Experiment 1: Comparison of 2D, weak 3D and strong 3D 

 

Participants had to identify the shortest distance between two points; the performance 

levels were evaluated in terms of time and percentage of correct answers. A 

preliminary analysis showed that the difference of results in the „2D‟ and „W3D‟ 

conditions, in terms of correct answers, is not too different, when compared with the 

„S3D‟ condition; insofar the condition that took more time to solve was „S3D‟ (Table 

1). 

 

To study potential learning effects the answers of each subject, on each condition, 

were divided into two blocks, with Block 1 having the first 13 answers and Block 2 

with the last 12 answers (Figure 7).  Significant differences were found between the 

„W3D‟ conditions, showing a learning effect; there was also a significant difference 

between the Blocks in the „S3D‟ configuration, and results on this case showed a 

degradation of performance (Figure 14).   
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Figure 14: Results as percentages for correct answers of block analysis. 

 
 

Table 1. Mean and median values of percentage of correct answers and time in 

seconds in all conditions of experiment 1. 

 

 

T-test results showed that there is no significant difference in terms of mean values for 

the „2D‟ and  „W3D‟ conditions, both in terms of correct answers (p = 0.47,  DF = 34, 

t=0.73) and in terms of time (p= 0.77, DF=34, t=-0.29). There is a significant 

difference between the „W3D‟ condition and the „S3D‟ condition in terms of correct 

answers (p= 0.0031, DF=34, t= 3,19), and no significance in terms of time 

(p=0.22,DF=34,t=-1.26). The „2D‟ condition and the „S3D‟ condition are significantly 

different in terms of correct answers (p=0.0002, DF=34, t=4.12), but not in terms of 

time (p=0.11, DF=34, t=-1.61).  

 

To test the hypothesis that mean values for differences in the conditions are equal, an 

ANOVA and Tukey-test were used. There is no significance between the „2D‟ and the 

„W3D‟ condition, so the hypothesis that these are equal was accepted, because there is 

no evidence that those two conditions are significantly different. There is significance 

between „2D‟ and „S3D‟, and between „W3D‟ and „S3D‟ conditions, the hypothesis 

that they are significantly equal was rejected.  

 

5.2 Experiment 2: Slant angle for strong 3D condition 

 In this experiment subjects had to identify the shortest distance between two points at 

three different visual conditions in „S3D‟; the image was slanted 45, 55 and 65 

degrees. The results of this experiment were also compared with the „S3D‟ condition 

of experiment 1, because it has similar stimuli. 

 

The performance levels were evaluated in terms of correct answers and time. A 

preliminary analysis based on the means and medians was performed, and the image 

slanted 35 degrees was the configuration that took more time to complete, while the 

image that was slanted 55 degrees was the fastest to complete.  Regarding the 

Correct Answer Time (seconds) 

 Mean Median Mean Median 

‘2D’ 84,6% 86% 11,1  10,23  

‘W3D’ 82,2% 84% 11,7  11,22  

‘S3D’ 69,3% 72% 14,3  12,52  
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percentage of correct answers the image slanted 55 degrees is the most successful 

configuration, and 65 the worst (Table 2). 

 

To study potential learning effects the answers of each subject on each condition were 

divided into two blocks, with Block 1 having the first 13 answers and Block 2 the last 

12 answers (Figure 7).  Significant differences were found in the 35 degrees condition, 

as stated before, and in the 55 degrees condition; there was learning effect only for the 

55 degrees condition all the other conditions did not show any learning effect (Figure 

15). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 15: Results in terms of percentage of correct answers of block analysis. 

 

 

Table 2.  Mean and median values of percentage of correct answers and time, in 

seconds, in all conditions of experiment 2. 

 

 

 Correct Answers Time (seconds) 

Mean Median Mean Median 

35 69,3% 72% 14,3 12,5 

45 70% 68% 10,5 8,5 

55 72,9% 76% 10,09 9,11 

65 62,2% 60% 11,4 9,4 

 

Several t-tests were performed to find significances in the results between all the 

conditions.  For the results, there was only significance in terms of correct answers 

between the 45 degrees and 65 degrees configurations (p=0.04,DF=34,t=2.14), 

regarding the time between 55 degrees and 65 degrees(p=0.023, DF=34, t=3.30), there 

was no significance found.   
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To test the hypothesis that the mean values for the differences in the conditions are 

equal, an ANOVA and Tukey-test were used.  Results show no significance between 

the 45 degrees condition and the 55 degrees condition, neither between the 45 degrees 

condition and the 65 degree condition, so the hypotheses that they are significantly 

equal can be accepted. There was significance between the 55 degrees condition and 

the 65 degrees condition, so the hypothesis that they are significantly equal was 

rejected. 

 

5.3 Experiment 3: Assessment of values in relation to distance 

In this experiment subjects performed a combinatory task of accessing distances and 

evaluating bar heights. The performances were evaluated in terms of percentage of 

correct answers and time. A preliminary analysis showed that there are no major 

differences in the conditions, in terms of performance (Table 3). 

 

To study potential learning effects the answers of each subject on each condition were  

divided into two blocks with Block 1 having the first 13 tasks and Block 2 the last 12 

tasks (Figure 7). Although it appears to be a big difference between the „S3D‟ blocks, 

it may suggest that there is learning effect; statistically there were no significant 

differences between the blocks, meaning that there is no learning effect during the 

experiment (Figure 16). 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Figure 16:Results in terms of percentage of correct answers of block analysis 
 

 

Table 3. Mean and median values of percentage of correct answers and time, in 

seconds, in all conditions of experiment 3. 

 
 Correct Anwsers Time (seconds) 

Mean Median Mean Median 

‘2D’ 50,8% 52% 12,05 10,02 

‘S3D’ 52,8% 60% 14,55 13,12 

 

 

A t-test was performed to compare the „2D‟ and „S3D‟ conditions. In terms of correct 

answers no significance was found in the results (p=0.71, DF=34,t=-0.33) while in 

terms of time no significance was found (p =0.31,DF=34, t=-1.02). 
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A ANOVA and the Tukey-test were used to evaluate the hypothesis that the means of 

differences in the conditions are equal, and no significance was found, so the 

hypothesis was accepted.  

 

 

5.4 Factors that influence performance 

 

In the end of all the experiments several factors that can influence the perception of 

the participants were reported (Table 4), including factors such as perceived visual 

discomfort, familiarity with stereoscopic displays, in case of the subject playing 

computer games frequently and also an auto-evaluation of the 3D vision.  

 

The stereo-tests had as maximum score 5 correct answers. When comparing the results 

of the pre-test and the post-test, results showed that 8 subjects improved their score the 

second time they performed the test, another 8 subjects had the same score in both test 

occasions, and 1 worsened the score the second time he performed the test, with the 

values of Δ (post test – pre test) in a range of -1 to 3. [Note: Due to a problem with the 

test script there is one result missing]. 
 

Table 4. Results of the surveys: percentage of Yes and No answers to the 

questions regarding Discomfort, Familiarity and Game Playing.  

 

 
 

 

 

 

5.4.1 Reported Confidence 

 

Confidence for the answers reported on experiment 1 and 3 was registered in the end. 

Results show that in experiment 1 the majority of the subjects felt more confident with 

their answers on the „2D‟ configuration, followed by the „S3D‟ configuration. When 

confronting the results against the results  for experiment 1, the common factors were 

the „2D‟ configuration that got the best results, even though if not significantly 

different from the „W3D‟, and the biggest difference in terms of performance  and in 

terms of confidance occurred between the „2D‟ and „S3D‟ (Figure 17). 

 

Regarding the experiment 3, subjects reported most confidance in their anwsers on the 

„S3D‟ configuration. According to the reported confidence in experiment 3, the „S3D‟ 

condition should be significantly different relativelly to the „2D‟ condition, and with 

better performance in terms of correct answers, the results are not confirmed by the 

experiment results.  It can be seen in the results of experiment 3 that there is no 

significant difference between the two conditions (Figure 18).  
 

 

 

 

 

 

 

Response Discomfort Familiarity Frequent Players 

Yes 44.4% 22.2% 33.3% 

No 55.6% 77.8% 66.7% 
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Figure 18: Percentage of reported confidence on answers to each conditon  on experiment 3 and percentage of 

correct answers of experiment 3. 

 

5.4.2   Self-Assessment of 3D vision 

 

In the participants self-assesement of the 3D vision,  the subjects were asked  to 

classify their 3D vision in a range between 1 and 5,  from 1 – really bad to 5- really 

good. After analysing the results, subjects were divided in two groups, according to 

their auto-evalutation results. Group 1 contains 6 elements that had answered 5 or 4, 

and Group 2 contains 12 elements that had answered 3.  

 

There is no significant difference in terms of correct answers between the Group 1 and 

Group 2 in any configuration. In opposition of  what was expected, the results showed 

that Group 2 had better performance in experiment 2, and worst in experiement 3. 

(Figure 19). Regarding the times, Group 2 had an overall worst time performance than 

Group 1, with the exception for the 2D and weak 3D condition in experiment 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 19: Precentage of correct answers on each experiment by group 

according to the self-assesement of 3D vision in all experiments. Group 1: 

subjects that classified their 3D vision with 5 and 4. Groups 2: subjects that 

classified their 3D vision with 3. 

Figure 17: Percentage of reported confidence on answers to each conditon  on experiment 1 and 

percentage of correct answers of experiment 1. 
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5.4.3 Visual Discomfort 

 

Another factor that can influence the results when using stereoscopic visualizations is 

the perceived visual discomfort. If discomfort happens the subjects tend to perform the 

test faster, and not so accurately. 

 

To evaluate the influence of the discomfort factor, the subjects were divided in two 

groups; Group 1 with elements that had felt some kind of discomfort, with some 

having reported headaches and dizziness in the end, and Group 2 with elements that 

did not feel any kind of discomfort. 

 

In terms of time of execution for each condition, the subject that did not feel any 

discomfort took more time to finish each condition, except in experiment 2 for the 

condition were the map is slanted 55 degrees, but the difference is not significant, 

which confirm the initial prevision. In terms of accuracy no significant differences 

were found (Figure 20), even though the participants that felt discomfort performed 

the task faster that did not affect their performance in terms of accuracy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20: Precentage of correct answers on each experiment by group according to the 

perceived visual discomfort in all experiments. Group 1: subjects that felt visual discomfort. 

Group 2: subjects that didn´t felt visual discomfort. 
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5.4.4 Skills 

 

 

It was considered as very skilled, if a participant played frequently 3D computer 

games and if familiarized with stereoscopic displays; there was no subject that filled 

those conditions. 

 

According to their skills subjects were divided into three groups; Group 1: non-players 

and non- familiarized, Group 2: non-players and familiarized, and Group 3: players 

and non- familiarized. Only the accuracy of answers was evaluated. 

 

Results show that frequent players have better performance in terms of accuracy of 

answers, when compared against non-players in most of the configurations, followed 

by the familiarized users (Figure 21). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21: Precentage of correct answers on each experimen by group 

according to skills in all experiments. Group 1: non-players and non- 

familiarized, Group 2: non-players and familiarized, and Group 3: players and 

non- familiarized. 
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5.5   Hypotheses Summary 

H1: When accessing distances, for 2D and the static monoscopic 3D, results should 

not have significant differences in terms of performance. 

 

Hypothesis H1 was accepted. 

 

H2: When accessing distances, for 2D and stereoscopic 3D with the map slanted 35 

degrees, there should be significant differences. 

 

Hypotheses H2 was accepted. 

 

H3: When slanting a map to access distances, with intervals of 10 degrees, starting 

with 35 and ending with 65 degrees the performaces should be significantly different, 

regarding time of execution and correct answers. 

 

Hypotheses H3 was rejected. 

 

H4: When evaluation bar heighs in relation to their distances, the stereoscopic 3D 

map should have significant differences when comparing with the 2D map. 

 

Hypotheses H4 was rejected. 

 

6 Discussion 

 

This research compared 2D and two types of 3D visualizations for map presentations 

normally used in a Geo-Visualization context; two different visual tasks were 

performed. The first task was simple and intuitive, the identification of the smallest 

distance between two points in a map, and with this visual task two experiments were 

performed. The intent of first experiment was to compare „2D‟ with „W3D‟ slanted 35 

degrees, as to assess the validity of the Lind et al. [18] study for this task, and the 

intent was also to compare „2D‟ and „W3D‟ with ‟S3D‟ visualization.  The „2D‟ 

configuration was more accurate and faster than the „S3D‟, while the performance of 

2D and „W3D‟ were similar. In the second experiment, with the evaluating distances 

visual task, the map was slanted in intervals of 10 degrees, starting with 45 Degrees 

and ending in 65 Degrees; when slanting the map in intervals of 10 degrees using a 

„S3D‟ configuration, the purpose of this experiment was to find how much a „S3D‟ 

can be slanted without affecting the perception of data. The results were surprising, 

because the angle that got the best performances was 55 degrees, and the angle that 

got the worst results in terms of time was 35 degrees, maybe due to the fact that it was 

the first „S3D‟ configuration that the participants were subjected to, as most of the 

participants were not familiarized with stereoscopic displays. The second visual task 

was a combinational task where the participants had to identify the smallest distance 

between two points and the biggest difference in heights between two bars, in „2D‟ 

and in „S3D‟, with the map slanted 65 degrees; this experiment was performed to 

evaluate the differences of performance between „2D‟ and „S3D‟ for another visual 

task in order to compare the results against those of experiment 1. However for 

another visual task, results show that there are no significant differences between „2D‟ 

and‟S3D‟. The poor results on the „S3D‟ condition in this task might be due to the fact 

that the task was complex. 
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6.1 Hypotheses 

Revisiting the hypotheses formulated for this study, the following was found: 

 

 

H1: Results show that there is no significance between the performance in the 2D 

and static monoscopic 3D („W3D‟). The hypothesis that the means of differences in 

the conditions are equal was accepted, so there is no evidence that suggest that 2D and 

static monoscopic 3D are significantly different.  

 

This result was expected, according to Lind et al.[18], when slanting an image the 

readability is only affected when the image is slanted between 30 and 40 degrees, 

when compared with a 2D image.  For a „W3D‟ condition having a map slanted 35 

degrees the readability is not affected.  

 

 

H2: This hypothesis was formulated to evaluate if is worthwhile to use 

stereoscopy for evaluation of distances in a map. The hypothesis that 2D and 

stereoscopic 3D („S3D‟) are equal was rejected. By analyzing the results of the 

experiment, the „S3D‟ condition had worst performance in terms of accuracy and time 

than the 2D condition. These results indicate that is not worthwhile to use stereoscopic 

map visualizations to evaluate distances, in agreement with the study of St. John et al. 

[1], which asserts that 2D is better than 3D to evaluate relative positions. It was 

accepted, thus in a contrasting way of what was expected. 

 

 

H3: This hypothesis was formulated based on the idea that the more a map is 

slanted the less information can be retrieved from the map, the idea behind is that with 

smaller angles the performance should be better. 

 

When comparing all the angles used against each other ( 35 vs. 45, 35 vs. 55, 35 vs. 

65,45 vs.55,45 vs. 65 and 55 vs. 65), and testing the hypothesis that the significance 

between the means is equal, the hypotheses that the maps slanted with angles of 45 

and 55 degrees are equal was accepted. Moreover, it was also accepted that the maps 

slanted with angles of 45 and 65 degrees are equal, while the  hypothesis that  the 

maps slanted with angles 55 and 65 degrees are equal was rejected. 

 

Although the hypotheses that 55 and 45 are equal was acepted,  results indicate that 

when a map is slanted 55 degrees it has better performances in terms of time and 

accuracy of answers. It is  possible to speculate that the best angle to slant a „S3D‟ 

map presentation for acessing distances is 55 degress.  

 

 

H4: This hypothesis was formulated to evaluate if it is worthwhile to use 

stereoscopy for evaluation of bar heights in a map. The hyphoteses that „2D‟ and 

„S3D‟ are equal was accepted, there is no signficant differences in terms of time and 

accuracy of anwers between the two conditions. 

 

This goes against the findings  of St.John et al.[1], where 3D should be better to shape 

perception, but this results agree with Bleisch et al. [17] that reported that there is no 

significant differences in terms of 2D and 3D performance. Results indicate that using 

stereoscopy and head-tracking does not add anything to the visualization, when 

compared with 2D for evaluation bar heighs.  
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6.2 Influencing factors 

Some factors that can affect the performance levels were considered. These factors 

include the participants‟ skills, participants stereo vision, and perceived visual 

discomfort. 

 

The skills considered were familiarity with stereoscopic displays and 3D game 

playing. Results show that participants that play frequently 3D computer games have 

in overall the best performances in terms of accuracy; this might be due to fact that 

they have developed skills when it comes to their own 3D vision, beeing easier to 

perform evaluations in a 3D environment even though none of them was familized 

with stereoscopic displays. The few participants that were familirized with using 

stereoscopic displays but were not frequent 3D game players were better  in most the 

conditions when compared against  the users that do not play games and never used a 

stereoscopic display before. This means that 3D needs training, people need to be used 

to 3D environments in order to make a correct use of it; that is also confirmed with the 

block analysis performed in the „W3D‟, as it showed that the participants were getting 

used to see a map in 3D, also in experiment 2, learning effects were spotted in the 55 

degrees configuration, maybe because that was the first “extreme” distortion that they 

were exposed to, in the last experiment no learning effect was found.  

 

Regarding the visual discomfort, no influence in the performance on the number of 

correct answers was found. However, in terms of times, participants that had reported 

discomfort tended to perform the test faster, that can lead to worst performances. 

There was a small number of participants that had used stereoscopic displays before, 

that fact that most of the participants were inexperienced can lead to more cases of 

visual discomfort, and also worst performances in the stereoscopic conditions. 

 

The participants‟ stereo vision is also a factor that could have influenced the results, 

the stereo-test results are significantly inferior to the participants auto-evaluation of  

their own 3D vision. None of the participants had evaluated correctly their 3D vision. 

The test results suggest that the participants were not able to utilize only stereo to 

perform depth judgment, it also explains the overall poor performance in the „S3D‟ 

conditions.  

 

7 Conclusion 

 

The obtained results provide some insights regarding the evaluation of the 

effectiveness and efficiency of using 2D and 3D map presentations for Geo-

Visualizations. 

 

The „S3D‟ maps only have stereoscopy; previous studies that compared stereo and 

non-stereo visualizations, for other visual tasks, show that using stereoscopy combined 

with motion cues is better than when using stereoscopy alone, Ware and Mitchell [14] 

and Schooten et al. [15].  

 

In experiment 3 the performance levels were similar, participants reported more 

confidence in their answers using the „S3D‟ configuration. That suggests that even 

though the results are not significantly different from the „2D‟ condition, stereoscopy 

gave confidence to the users, the low performance might be due to the fact that most 

of the participants were unexperienced and had a not so skilled 3D vision. Some 

improvements in the 3D vision of the participants were captured in the post-stereo test,  
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results sugest that 8 participants improved the 3D vision; during the experiment no 

major learning effects were found. Learning effects were only spotted when using the 

„W3D‟ configuration and in experiment 2, when the map was slanted 55 degrees. This 

suggests that participants were learning how to see a map in other way than 2D, that is 

the most common way to visualize maps. Results also suggest that when using a 

stereoscopic map presentation to evaluate distances, the best angle to slant the map is 

55 degrees. 

 

Relating the findings with the reasons for this study, the conclusion is  that is not 

possible yet to conclude if it is worthwhile to use stereoscopy for  map presentation 

over a 2D map presentation. However the results indicate that the participants can 

evaluate distances in „S3D‟ using different slanted angles, the results were not better 

than in 2D, and the results also showed that participants were able to compare bar 

heights in 2D, but in that case the results are not significantly different from „S3D‟. 

Regarding the influencing factors, results show that skilled participants, regarding 

their 3D vision, 3D game playing and familiarity, have in overall better results then 

non-skilled users.  

 

A follow-up study is advisable, using  trained users, and possibly using a motion cue 

together with stereoscopy; for the evaluation of the bar heights I would recommend an 

easier task, and  in the stereo condition slant the use of the 55 degrees instead of 65 

degrees. 
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