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Figure 1: Wolfwalkers promotional image, provided by and presented with permission from Cartoon Saloon animation studio.

Abstract

We present a preliminary experiment, investigating professional hand-drawn animators’ perception of how good one frame is
as drawing reference for another. 10 professional hand-drawn animators rated the drawing reference quality of 54 hand-drawn
frame pairs, each differing by character pose and region rotation, reflection, and distortion transformations. Our results indicate
that animators perceive frames differing by rotation/reflection as better drawing reference than frames differing by distortion.

CCS Concepts
* Applied computing — Fine arts;

1. Introduction

During hand-drawn animation production, animators keep charac-
ter design consistent by referencing model sheets — character de-
signs with technical drawing instructions — as they work. Since
model sheets depict a only small fraction of poses that characters
assume in the film, animators also reference existing frames when
drawing poses absent from model sheets. However, animators must
remember where their desired reference frame appears in the film’s
100,000+ frames and tediously sift through dozens of frames to find
it. In this paper, we experimentally investigate professional hand-
drawn animators’ perception of Reference Frame Similarity (RFS)
— how good one frame is as drawing reference for another — to
support automatic reference frame retrieval in future work.
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Frames depicting similar body poses can be good drawing
reference for one another, and several methods estimate hand-
drawn characters’ body pose (e.g., [BB22,JZJ*23]). However, two
key observations suggest that animators’ RFS perception involves
both pose similarity and shape/adjacency similarity of regions, 2D
shapes comprising hand-drawn animated character designs (Figure
2). First, frames with similar pose estimates may be poor draw-
ing reference for each other when region shape/adjacency differs
between them (Figure 2, top right). Second, frames with different
pose estimates may be good drawing reference for each other when
regions differ by rotation/reflection (Figure 2, bottom right), as hu-
man visual perception is moderately rotation/reflection-invariant
[PESP18] and animators develop enhanced rotation invariance by
practicing their trade [Koz01, WWH* 11, CKDW19]. This prelimi-
nary experiment tests our second observation: professional anima-
tors perceive frames depicting physically different poses as good
drawing reference when regions differ by planar rotation/reflection.
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If you were trying to draw Mebh's RIGHT ARM (see arrow) in Frame A, how helpful
would Mebh's LEFT ARM (see arrow) in Frame B be as drawing reference?

Not at all
helpful

1 2 3 4

s

Extremely
helpful

5 6 7

Figure 2: Left: Experiment frame pairs demonstrating how each transformation variable affects region shape and adjacency, with region
adjacency graphs superimposed for instructional purposes (not shown in experiment). Top: [high Distortion, low Reflection, low Rotation].
Middle: [low Distortion, high Reflection, low Rotation]. Bottom: [low Distortion, low Reflection, high Rotation]. Center: Example RFS
experiment question. Right: Experiment frame pairs with superimposed skeleton poses (in blue), demonstrating that physically similar poses
can provide poor drawing reference (Top; average RFS rating = 2.09) and physically different poses can provide good drawing reference
(Bottom; average RFS rating = 5.0). Frames provided by and presented with permission from Cartoon Saloon.

2. Variable & Data Selection

To test our hypothesis, we selected three region transformation vari-
ables: Rotation, Reflection, and Distortion. Some combination of
these variables usually describes the region shape and adjacency
differences between frames depicting the same character’s body
part in different poses (Figure 2, left). Because Rotation and Re-
flection preserve region shape and adjacency up to 2D orthogo-
nal transformation, the pose changes they convey do not alter a
body part’s relative angle to the camera (drawn as foreshorten-
ing). Only Distortion (non-orthogonal 2D region shape/adjacency
change) conveys foreshortening change. We therefore hypothesized
that animators’ RFS perception would inversely correlate to Distor-
tion more strongly than to Rotation and Reflection.

To optimize variable control, all hand-drawn frames used in our
experiment depicted the same character: Mebh, from Cartoon Sa-
loon animation studio’s feature film Wolfwalkers (https://www.
cartoonsaloon.ie/wolfwalkers/); frames were provided by
Cartoon Saloon. Although Mebh appears in tens of thousands of
frames and diverse poses, a frame set offering full variable control
over her entire body did not exist. Consequently, participants were
asked to consider only one of Mebh’s arms in each frame when an-
swering experiment questions (Figure 2, center). Mebh’s arm was
chosen because it is a complex object comprising multiple regions,
appears in myriad articulate poses, and is stylistically consistent
throughout the film. All experiment frames show Mebh in the same
costume, with the same hairstyle, and without props. Frames were
reasonably consistent in scale, line quality, and adherence to model
sheet character design. Only frames showing Mebh at eye-level (not
from above or below) and facing front (not from behind or side pro-
file) were used. Experiment frames were uncolored to match the
majority of frames available at the time in production when anima-
tors need drawing references.

Most experiment frames were manually selected from a database
of 245 Wolfwalkers frames, built by manually scrubbing through
the film to find frames with high-quality body pose (e.g., no head
shots or blurred motion) and without prop, environment, or other
character interactions. These were exported as uncolored line draw-
ings depicting Mebh in isolation. After finalizing experiment de-
sign, other frames depicting poses needed for the experiment were
found and exported as described above. To model an animation stu-
dio setting in our experiment design, it was essential to use original
hand-drawn frames rather than editing frames to artificially create
specific poses. Edited frames would look noticeably different from
original frames and thus would likely affect animators’ RFS per-
ception. 64 frames were selected for the experiment and organized
into pairs of reference frames.

Rotation, Reflection, and Distortion change between each frame
pair’s respective arms was evaluated by eye. Finding and imple-
menting an empirical metric accurately simulating animators’ vi-
sual perception is a complex task, and was beyond the scope of this
preliminary experiment. Measurement guidelines were as follows:
Rotation: low = 0-10°, medium = 11-89°, high = 90-180°. Reflec-
tion: low = no reflection, medium = cross-body reflection (Figure
2, bottom right), high = inside-outside reflection (Figure 2, middle
left). Distortion: low = no region shape/adjacency change, medium
= mild region shape change without region adjacency change (Fig-
ure 2, center), high = strong region shape change with region adja-
cency change (Figure 2, top left). Professional animators who did
not participate in the experiment confirmed that our evaluations
were likely to comport with animators’ visual perception.

3. Method

Rotation, Reflection, and Distortion were each modulated across
low, medium, and high levels (Figure 2, left), creating 27 cases
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Figure 3: Significant Interactions between (left) Distortion and Reflection, (center) Distortion and Rotation, and (right) Reflection and
Rotation. 1 on the scale indicated that the drawing reference was not at all helpful, while 7 meant that it was extremely helpful.

overall. Two frame pairs were selected for each case, yielding 54
experiment questions measuring animators’ RFS perception. For
each question, both frames were resized and cropped to maximize
their visual similarity. A red arrow showed participants which arm
to consider in each frame when answering the question (Figure 2,
center). The experiment questions were presented on Qualtrics soft-
ware. Each RFS question clearly described the participants’ task:
Given two frames A and B, rate the helpfulness of Frame B as draw-
ing reference for Frame A on a 1-7 scale slider, with 1 being “Not
at all helpful” and 7 being “Extremely helpful” (Figure 2, center).
This rating was our measurement of animators’ RFS perception be-
tween Frames A and B — specifically, of Frame B with respect to
Frame A. Qualtrics was used to randomize the order in which ques-
tions appeared during the experiment.

Out of 30 professional hand-drawn animators employed by Car-
toon Saloon at the time of the experiment, 10 volunteered to partic-
ipate. Animators were recruited by internal email and were not paid
to participate. Before starting the experiment, participants provided
information on their professional history. Seven participants had 3-
6 years of experience working for hand-drawn animation studios
and the remaining three participants had 14-30+ years of experi-
ence; on average, participants had 9.6 years of industry experience.
Seven participants had an additional 2-4 years of hand-drawn ani-
mation experience from attending animation college. Eight partic-
ipants worked on Wolfwalkers and had experience drawing Mebh.
Since requiring participants to draw all 54 Frame As during the ex-
periment was impractical, participants were asked to imagine that
they were drawing Frame A using Frame B as drawing reference.

To model real-life animation studio conditions, participants were
given Mebh’s model sheets and asked to reference them during
the experiment, as they would while animating. Participants were
asked to imagine that they could manipulate Frame B on their com-
puters as they would while animating (e.g., via rotation, reflection,
etc.) to make it better drawing reference for Frame A. Because this
experiment aimed to measure animators’ RFS perception with re-
spect to their professional workflows, it was important for their in-
practice software usage to impact experiment results. Participants
were asked to complete the experiment on the computer monitor or
drawing tablet they used while animating to mimic their working
conditions (participants’ reported screen widths = 15-32"). Because
Mebh’s hand pose varied too widely across frames to be experi-
mentally controlled, participants were asked to ignore differences
in hand pose when answering experiment questions. Our commit-
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ment to using original hand-drawn frames precluded us from edit-
ing out hand poses. Participants completed two RFS training ques-
tions to familiarize themselves with the question format, and were
required to confirm that they understood all experiment directions
before proceeding to the RES perception experiment questions. Af-
ter completing all RFS questions, participants answered debriefing
questions. They were asked about what factors determined their an-
swers to RFS perception questions and how much they referenced
Mebh’s model sheets during the experiment.

4. Results

We analyzed animators’ RFS scores via Three-Way ANOVA with
repeated measures: Distortion, Reflection and Rotation. We con-
ducted Mauchly’s test for sphericity, and where the assumption
was violated, we applied the Greenhouse-Geisser correction (in-
dicated with an asterisk). We found a main effect of Distortion
(F*(1.18,10.64) = 74.40, p* < 0.001,1]% = 0.892), where posthoc
analysis showed that all 3 levels of Distortion were rated signif-
icantly differently from each other, low (5.139), medium (4.556)
and high (2.778) (p < 0.004 in all cases). We also found a main
effect of Reflection (F*(1.27,11.49) = 11.773,p < 0.00I,T]% =
0.567), where posthoc showed that low (5.556) was rated the same
as medium (4.239), while high (3.678) was significantly different to
both (p < 0.03 in both cases). We also found a main effect of Rota-
tion (F*(1.79,16.08) = 14.652, p ~ O,nf, =0.619), where posthoc
showed that low (4.344) was rated the same as medium (4.389),
while high (3.739) was significantly different to both (p < 0.02 in
both cases). The higher effect size of Distortion compared to those
of Reflection and Rotation supports our hypothesis that animators’
RFS perception inversely correlates to Distortion more strongly
than to Rotation and Reflection.

We also found a significant interaction between Distortion and
Reflection (F(4,36) =4.127,p < 0.007,713 = 0.314), where pair-
wise comparisons showed us that, at low Distortion, there were
3 significantly different ratings for Reflection levels low, medium
and high (p < 0.04 in all cases). For medium Distortion, low and
medium Reflection were rated the same, while high Reflection was
rated significantly worse than the other two (p < 0.04 in both
cases). For high Distortion, there was no effect of Reflection level,
indicating that the more Distortion present, the less important the
differences in Reflection levels (Figure 3, left).

A significant interaction between Distortion and Rotation was
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also found (F*(2.04,18.38) = 3.999,p < 0‘035,1]12, = 0.308),
where at low Distortion, low and medium Rotation were rated
the same, while high Rotation was significantly worse than both
(p < 0.01 in both cases). For medium Distortion, low Rotation
was rated significantly higher than either medium or high Rotation
(p < 0.02 in all cases), while at high Distortion, medium Rotation
was rated significantly higher than low or high Rotation. This last
result was most likely an artifact of particular selected frames (Fig-
ure 3, center).

Finally, a significant interaction occurred between Rotation and
Reflection (F(4,36) = 4.088,p < 0.008,11% = 0.312), where the
pattern matched that of the Distortion and Rotation interaction (Fig-
ure 3, right). No three-way interaction occurred.

Qualitative Results Participants reported that their RFS ratings
depended on foreshortening difference (6 participants), body pose
difference (4), overall visual similarity (3), and how well the refer-
ence frame matched model sheet character design (2). One partici-
pant remarked that "even though an arm could look similar, a tilt in
volume or rotation in space that is different might induce mistakes
of interpretation of the design style." As region Distortion corre-
sponds to foreshortening changes, this further indicates Distortion’s
predominant effect on RFS perception. 4 participants reported that
referencing model sheets during the experiment helped them pre-
serve character design — which naturally varies across animators
and hand-drawn frames — and 3 reported that model sheets helped
them draw basic poses. According to one participant, "if the fore-
shortening/exaggeration was too much for the B pose, I found it not
very helpful [as drawing reference] and referred to the model sheets
for clarity on the design on the arm." Animators with < 6 years of
industry experience gave more detailed answers about model sheet
helpfulness, possibly indicating that they are still actively learning
skills for extrapolating novel poses from drawing references.

5. Discussion

Our preliminary experiment results support our hypothesis that
animators’ RFS perception is sensitive to region shape/adjacency
change (Distortion) and somewhat stable under 2D orthogo-
nal transformation (Reflection and Rotation). Therefore region
shape/adjacency similarity is a key factor in animators’ RFS per-
ception, superseding body pose similarity in several cases (e.g.,
Figure 2, right). Pairwise interactions indicate that influence of or-
thogonal transformation on RFS may diminish as Distortion in-
tensifies, but further testing is needed to confirm. We expect this
to be true, since Distortion the alters visual information available
in frames, and most participants reported that visual information
preservation between frames influenced their RES ratings.

Prior perceptual experiments on professional artists study their
mental rotation abilities alongside general perceptual tasks like
mentally combining objects [WWH*11] and Gestalt completion
[KozO01], finding that such abilities improve over time as artists
practice their drawing skills [CKDW19]. Rather than evaluating
general visual perception, our experiment explores a perception
task specific to its participants’ vocation, supporting future devel-
opment of a reference frame retrieval tool valuable in industry set-
tings. Since past work shows that artists outperform laypeople on

general visual perception tasks, we reasoned that hand-drawn ani-
mators are likely uniquely expert in the perception tasks specific to
their craft. While our preliminary results support those of previous
studies, detailed inferences about professional hand-drawn anima-
tors” RFS perception could not be made from existing literature.
We conducted our experiment to address this knowledge gap.

Our experiment has several limitations. The small number of ex-
amples per variable case likely affected pairwise interactions. Clas-
sifying variable cases by eye was appropriate for our preliminary
study, but may have impacted results. Future work can use empir-
ical shape comparison metrics for classification, but such metrics’
differences to human visual perception may create new limitations.
The small number of participants working at the same animation
studio and use of a single character and body part prevent us from
generalizing our findings to all hand-drawn animators, art styles,
characters, and body parts. Expanding our existing experiment de-
sign to include more frames, participants, art styles, characters, and
(combinations of) body parts will address most of these limitations.
While it was not possible for our participants to draw target frames
during the experiment, future work might explore this option. Our
experiment was designed for body parts with left-right symmetry,
and could be reformulated for non-symmetric character designs
in future. Participants reported that reference frames’ visual clar-
ity, correctness of character designs, and information they provided
about how to draw the target pose strongly influenced their RFS rat-
ings, so these factors should be studied in future work. Future work
can also compare animators’ and laypeople’s RFS perception, pro-
vide more reference frames per question to supplement available
visual information, and evaluate RFS interactions between charac-
ters’ depicted body pose and region shape/adjacency change. The
last of these will be especially critical in developing an automatic
reference frame retrieval method balancing pose estimation with
region shape and adjacency awareness.
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