
Visual Art majors (VA) provided more accurate responses over the 
Non-Visual Art majors (NVA). This may demonstrate that with the 
strong visual-based background of these students, they’ve 
developed a stronger sense of navigation of abstracted imagery 
and defining forms from 2D to 3D. This was emphasized by the 
success of the Ceramics majors.

For the animations, a 3D NPR with strong abstraction is 
unanimously perceived as a 2D animation. Which is great in the 
realm of animated film if a 2D aesthetic is desired (NPR and hybrid 
animation). One could possibly control these outcomes for their 
particular advantage. If confusion is desired, have a range of 
abstraction but do not include examples of either end of the 
spectrum (extremes). If confusion is to be avoided, providing 
contextual extremes is an option. However one thing to keep in 
mind is audience, some may be more or less equipped to handle 
the spectrum, depending on their background (VA, NVA majors).

Results that are contextual to the animation - Cylinder 2 
emphasized the closeness to the object of focus specifically on the 
x-axis. Within a close x-axis range, there is some leeway vertically. 
On Cylinder 3 However, this changed to where the y-axis was 
more important. This shows that when taking measurements for 
an animation, it’s important to have a wider sample size of frames 
for reference. Some patterns develop in one area, while 
elsewhere in a different frame, the inverse may be true.

Overall there was a strong emphasis of focus. The ball 
provided the most information. Deviation leads to difficulty. There 
were many cases where consistency of the fixation point near the 
ball provided benefit. The graphic design subject with effective 
results did not have the ceramic background as the other subjects 
from the highest-scoring group, but the subject found success by 
focusing (not deviating) and having a consistent, efficient pattern. 
(Fig. 8) There was also the example of subjects proceeding to the 
questionnaire prematurely who also did not have optimal results. 

There’s also how soon the subject saw the ball. Those with a 
faster contact yielded better results. The sooner the contact, the 
more allowed exposure to the ball during the duration of the 
animation. However with the findings from the first cylinder, there 
is a balance. There is such thing as too quick. It’s important to 
gauge that threshold of optimal pace. (Fig. 9)
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3D computer-generated imagery (CGI) has been the animation 
industry standard for about two decades. There has been 
increased research in non-photorealistic rendering (NPR) 
techniques by industry leaders. NPR is CGI that is augmented to 
replicate a distinct art style that deviates from what you would 
expect to see in a 3D rendering. In this study, subjects are tasked 
to determine whether a series of animated clips are 2D or 3D. 
(Fig. 1) Student participants are pooled into two groups based on 
visual art and non-visual art majors. Using eye-tracking software, 
the data will observe if an individual uses visual cues to draw 
distinctions between 2D and 3D forms, along with how their 
viewing patterns change for each particular animation as the line 
between 2D and 3D gets blurred. It’s presumed that Visual Art 
majors will respond with overall higher accuracy.

We presented 7 animations, each 5 seconds in length. They depict 
a ball entering the frame from the upper left corner and bouncing 
from left to right with a squash and stretch technique on two 
cylinders and landing on a third to the far right, slowly coming to a 
stop. 6 were 3D-rendered in Audodesk Maya and 1 Hand Drawn in 
Adobe Photoshop. These were played in random order. We asked 
the subjects if they perceive each animation as 2D or 3D. (Fig. 4) 
Only 1 animation was made in a 2D environment. The remaining 
3D renders, with varying levels of abstraction, might be perceived 
as 2D. We want to gauge the responses to see when and where 
3D renderings stop being seen as 3D. (Fig. 5) 

15 subjects of various majors participated in this 
experiment. Nine were Visual Art majors, which includes: 6 
Graphic Design, 2 Studio Art - Ceramics, and 1 Multimedia. The 
remaining six were in Non-Visual Art majors: 2 Elementary 
Education, 1 Music Education, 1 Sociology, 1 Engineering, and 1 
Undecided. Subjects were also divided into four groups 
corresponding to the amount of accurate responses from the 
questionnaire. 1 subject scored 1, 5 subjects scored 2, 6 subjects 
scored 3, and 3 subjects scored 4. We used the ranking of these 
groups to gauge if there is a more “accurate” way to watch the 
animations. (Fig. 6) 

In addition to this questionnaire, measurements from the 
eye tracking data (fixation points) were analyzed for how the 
subjects watched each particular animation (Fig. 7). Data was 
divided into 3 main sets, each corresponding to a particular 
cylinder. For the 1st cylinder, the time (in seconds) it took for the 
subject’s fixation point to first make contact with the ball was 
recorded. The next two sets (cylinders) of data recorded each 
subject’s fixation point location (x, y) (in centimeters).
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CGI components have been used to aid 2D animation to speed up 
production and cut costs. The most common use of combining 
media is for non-character animation elements (cars, machines, 
rigid bodies). In the time period just before the turn of the 
millennium, animations, both hand drawn and computer 
animated, were accepted as commercial forms of film. Soon after 
when 3D became the dominant standard, there came a decline in 
2D. However, today many animation studios have found beneficial 
the combination of 2D with 3D for various reasons, such as to 
expedite the production process, allowing for greater artistic 
effect, enhancing a storyline, and/or general convenience. In the 
past, 2D animation was laborious and difficult to produce. By 
combining it with new technology, however, this vintage style can 
be preserved while taking advantage of the accuracy, speed, and 
effects of 3D software. [Au] Generally, 3D has successfully been 
used to animate complex elements that are difficult to animate 
believably using traditional methods. 2D has a higher threshold 
and allowance for artistic expression and style, such as its realm of 
different media (watercolor, charcoal, pencil, etc.). While 3D has 
its benefits of real physical forms, 2D allows for abstraction that 
cannot be recreated in 3D.
Non-Photorealistic Rendering (Fig. 2)
Given enough time and resources, synthetic renderers can 
generate imagery that is indistinguishable from photographic 
images to the naked eye. Unlike the photorealism used in 
animations such as movies and video games, NPR graphics may 
look as if they were painted in traditional natural art materials. 
NPR imagery can also provide information about objects that may 
not be readily apparent in photographs or real life. [De Alencar]
Abstraction (Fig. 3)
When pushing the level of abstraction of NPR, as details become 
less explicit, fewer properties remain intact. [Thoma] Sometimes 
less is more when it comes to visual stimuli for humans. Realistic 
images can, at times, be overbearing or conflicting in terms of the 
information that is presented to a viewer, and it may be more 
effective for a given task to display less information that is 
emphasized appropriately. [Winnemoller]

Fig. 6. Vertical – Accurate responses (0-7). 
Horizontal – The 15 subjects, divided by 
Visual Art and Non-Visual Art Majors.

Fig. 7. Eye tracking measurements for 
Subject 2, Animation 4, Cylinder 2. X and Y 
coordinates of the fixation dot (blue) were 
recorded for this frame when the ball (red) 
is on the 2nd Cylinder.

Fig. 8. Juxtaposition of X, Y, and Distance 
data for Subject 5 (Graphic Design) for all 
animations during C2. The only non-ceramic 
major to have the highest score. Note the 
minimal length of X (closest to the origin). Y 
is the main contributor to the total distance.

Fig. 2. Disney’s Feast (2014)
An example of non-photorealistic rendering.
“Artists don't want to always do the same 
thing. We want to stretch and push into 
uncomfortable areas.” 

- Josh Staub, visual effects supervisor 

Fig. 1. A subject participating in the eye 
tracking experiment. Top to bottom: the 
animation, the GP3 Eye Tracker, and the 
questionnaire.

Fig. 4. The Procedure
1) Subjects sit in front of a monitor with the 
animations ready to begin.
2) As the animation is watched, eye tracking 
data is gathered.
3) After each animation, the subjects 
determined if the animation was 2D or 3D.

Fig. 3. An example of a range of abstraction.

Fig. 5. The animation spectrum (above) and 
the randomized order played back (below)

Fig. 9. The fixation dot’s first contact with 
the ball timed in seconds during C1. The 
data suggests that faster contact correlates 
with more accurate results. However, at 
some point (at about 1.45697 seconds – the 
cyan line), the inverse becomes true. Earlier 
than this point, slower contact becomes 
more beneficial.


