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Linköping University
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Figure 1: 3D parallel coordinates representation of (a) 3 variables, and (b) 4 variables. The five reference patterns used in the evaluation: a
negative linear relationship (c), a negative linear relationship with a discontinuity (d), three sinusoidal relationships with one (e), two (f) and three
(g) periods. The complete mathematical descriptions of the patterns can be found in the work presented by Forsell et al. [1].

ABSTRACT

This work presents the results from an evaluation of stereoscopic
versus monoscopic 3D parallel coordinates. The objective of the
evaluation was to investigate if stereopsis increases user perfor-
mance. The results show that stereoscopy has no effect at all on
user performance compared to monoscopy. This result is important
when it comes to the potential use of stereopsis within the informa-
tion visualization community.

Index Terms: 3D parallel coordinates, stereoscopy, evaluation.

1 INTRODUCTION

Parallel coordinates [3] is a common technique used for visualiza-
tion of multivariate data. During the last decades, many research
efforts have been made to improve its ability of revealing patterns
in multivariate data [2]. One commonly used extension is 3D par-
allel coordinates, (see Fig. 1(a–b)), in which variables are mapped
to planes instead of lines (see Fig. 2). The reason for adding an ex-
tra dimension is to allow the users to simultaneously analyze more
relationships. Recent research [4] has, however, shown that 3D rep-
resentations have a strong negative effect on how users perceive pat-
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terns formed by relationships in data. The main reason is that 3D
representations, even when implemented as an interactive display
with user controlled rotation, do not provide strong enough depth
cues, making structures in 3D difficult to comprehend. This indi-
cates that 3D parallel coordinates might not be as efficient as 2D
parallel coordinates.

However, perception of depth can be improved by stereopsis,
which is achieved when the brain fuses visual stimuli from both
eyes. Stereopsis has not been thoroughly studied in the field of in-
formation visualization, and little is known about its advantages and
disadvantages for representation of multivariate data. This work
presents the results of the first evaluation of stereoscopic versus
monoscopic 3D parallel coordinates. The specific aim of the con-
ducted user study was to investigate whether stereoscopy increases
user performance of 3D parallel coordinates for pattern identifica-
tion or not. Most related to the topic of this poster is the work by
Nunnally et al. [5], where a stereoscopic display of parallel coordi-
nates was used for analysis of network scans. They do not, however,
present any evaluation. Therefore, until now, it has not been es-
tablished whether stereoscopic displays have any advantages com-
pared to traditional monoscopic displays.

2 EVALUATION

As seen in the experimental setup image (see Fig. 3), only two
planes were used for creating the 3D representations. Two levels
of difficulty were used in the evaluation: 3 variables, which is the
simplest possible configuration in 3D parallel coordinates (see Fig.
1(a)), and 4 variables, which is a more complex representation (see
Fig. 1(b)).



For the study, 40 participants with a median age of 27.5 (range
22 to 50) with normal, or corrected to normal, vision were recruited.
The task in the study was to, by using monoscopic and stereoscopic
3D parallel coordinates, determine which of the five reference pat-
terns (see examples in Fig. 1(c–g)), was present in the display. 2D
patterns were used as reference pattern because it is not possible to
construct unique patterns in 3D parallel coordinates, since they are
the result of the current projection (rotation). In addition, 2D pat-
terns can be mathematically described, via the point←→line duality
[3], and are the patterns which users typically search for when us-
ing parallel coordinates. In each trail only one pattern was present
in the display.

The study was designed as a two within–subject factors, visual
representation (monoscopic, stereoscopic) and variables (3, 4). Re-
sponse time and accuracy were measured for each trial. The pat-
terns appeared five times each in randomized order for every trial.
This design yielded a total of 100 trials per participant (2×2×5×5).
The stereoscopic display used was a 50” stereoscopic LED TV with
a resolution of 1920×1080 pixels. The TV was positioned at a dis-
tance of approximately 2 meters to simulate the size of a normal
computer monitor. The 3D representations could be rotated by us-
ing a standard computer mouse. Important to note is that the ro-
tation was restricted so it would not be possible to rotate it into a
2D projection, since the aim of the study was to identify patterns in
3D. In order to avoid the need to memorize the patterns (1–5) (see
Fig. 1(c–g)), the participants had printouts of the patterns in front of
them during the entire experiment. The participants reported their
answers using the keys 1–5 on a keyboard.

A repeated measures ANOVA with two within–subject factors,
visual representation (monoscopic, stereoscopic) and variables (3,
4), showed no significant difference in response time between
monoscopic and stereoscopic display (F(1,39) = 2.61,ρ = 0.11),
nor between 3 and 4 variables (F(1,39) = 1.24,ρ = 0.27), and no
interaction was found. The mean response time for monoscopic
display was 17.6s (SD = 7.4s) and for stereoscopic display 16.4s
(SD = 6.4s). The accuracy data was analysed with a repeated mea-
sures ANOVA with two within–subject factors, visual representa-
tion (monoscopic, stereoscopic) and variables (3, 4), and no signif-
icant difference was found between monoscopic and stereoscopic
display (F(1,39) = 0.53,ρ = 0.47). The mean accuracy for mono-
scopic display was 58% (SD = 17%) and for stereoscopic display
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Figure 2: (a) Left: A standard 2D parallel coordinates, Right: A 3D
parallel coordinates, representation of three variables (V1,V2,V3).
(b) Left: A standard 2D parallel coordinates, Right: A 3D parallel
coordinates, representation of four variables (V1,V2,V3,V4).

Figure 3: The experimental setup showing stereoscopic 3D parallel
coordinates.

it was 59% (SD = 19%). However, a significant difference in ac-
curacy was found between 3 and 4 variables (F(1,39) = 4.32,ρ =
0.044), showing that, as expected, performance was worse for 3D
parallel coordinates using 4 variables compared to using 3 vari-
ables. No interaction was found. The measurements for mono-
scopic versus stereoscopic were tested for mean equivalence of the
pairwise differences using Weber and Popova’s (2012) procedure
for paired-samples equivalence with Cohens (1988) definition of
small effect, δ = 0.2, which indicated a significant result (p= 0.031
(one-tailed)). The lack of statistically significant effects, when per-
formance on monoscopic and stereoscopic display was compared,
and the significant equivalence test implies that stereopsis does not
increase the efficiency of 3D parallel coordinates.

3 CONCLUSIONS

This work has presented the first user-centred evaluation of stereo-
scopic 3D parallel coordinates, and compared performance between
stereoscopic and monoscopic displays. The results indicate that
there is no improvement in performance for 3D parallel coordinates
when using a stereoscopic display. Based on the present study, it
can not be argued that the results can be generalized to all other
data sets, tasks or users. However, in light of previous research [4]
it seems fair to argue that 2D parallel coordinates is more efficient
than both monoscopic and stereoscopic 3D parallel coordinates,
and that such 3D representations should not to be chosen for visu-
alization of multivariate data. The knowledge that stereoscopic dis-
play does not facilitate data exploration in 3D parallel coordinates
is important since it can guide future research on this topic. The
authors will also further investigate monoscopic as well as stereo-
scopic display in connection to the individual’s visuospatial ability.
The authors also invite other researchers to further investigate the
use of stereoscopic displays in information visualization.
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