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Fig. 1. We explore the importance of brightness and shadow intensity on the perception of appeal, recognition, and intensity of emotions for CG characters

and animations. From left to right, characters Mery, Franklin, Jasmine, and Malcolm portraying a range of emotions tested in our study.

Lighting has been used to enhance emotion and appeal of characters for

centuries, from paintings in the Renaissance to the modern-day digital arts.

In VFX and animation studios, lighting is considered as important as mod-

elling, shading, or rigging. Most existing work focuses on either empirical

best-practice created by artists of the centuries or on lighting perception

with basic shapes. In contrast, our work focuses on the effect of lighting

on emotional characters. Our study presents an extensive set of novel per-

ceptual experiments designed to investigate the effects of brightness levels

(key light brightness) and the proportion of light intensity illuminating

the two sides of a character’s face (key-to-fill ratio). We are particularly

interested in the effect of lighting on the recognition of emotion, emotion

intensity, and the overall appeal, as these are crucial factors for audience

engagement. Our results have implications for artists and developers wish-

ing to increase the appeal and emotional expression of their characters,

ranging from cartoon to realistic styles. Our key finding is that lighting

can be used to effectively alter the intensity of emotion of a character and

that brighter conditions increased appeal across all of our experiments.
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1 INTRODUCTION

The demand for cartoon animation content is at an all-time high

and on the rise, driven largely by social media (e.g., Facebook

Horizon) and magnified by the availability of powerful mobile de-

vices (e.g., the depth sensor in the iPhone X). Content creators

are no longer limited to big-budget movie studios with teams of

world-leading artists. There are thousands of animation studios

with diverse budgets and expertise worldwide creating content for

movies, advertising, TV, games, and so on. Additionally, anima-

tion content is increasingly being generated by technical develop-

ers and non-professionals for virtual-assistants, apps, social media,

and VR/AR. Character lighting is one aspect of content creation

that is particularly important for establishing the look and feel of

a character [Lowell 1992]. Our study was motivated by identifying

a clear need for standardized guidelines on lighting virtual char-

acters for non-experts who wish to enhance emotion and increase

the appeal of their characters.

Disney’s classic principles of animation [Thomas and Johnston

1995], a set of guidelines to assist animators, do not incorporate

lighting and how to use it to alter the appeal and intensity of car-

toon characters. However, lighting is often used in everyday lan-

guage and is something people relate to; for example, “she bright-

ened up” and “he told me his darkest fears” [Barchard et al. 2017].

The fact that we have so many metaphors relating brightness to

good and darkness to bad has been shown in psychology research

to be due to developmental experiences that pair these factors; for

example, social and physical rewards being more prevalent dur-

ing the daytime, while the darkness of night hides potential dan-

gers [Landau 2014; Meier et al. 2004]). The effect is also common

in popular culture (e.g., evil is paired with darkness and good with
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light). This suggests that lighter scenes would be perceived as more

inviting and friendly, and darker situations are more sinister and

gloomy.

There is a long-established tradition of artists using lighting in

this way to create mood and to influence the appeal of a character

or object [Brown 2016; Gurney 2010]. Artists want the audience

to feel a connection with the character and use light to support

and strengthen what they want to communicate. One often-used

measure to control lighting is the key-to-fill ratio (KTFR), which

compares the illumination due to the primary lighting source, i.e.,

key light; and the secondary light that brightens the shadows, i.e.,

fill-light. Artists and cinematographers use high-key lighting (with

light shadows) to create a hopeful mood or low-key lighting (with

dark shadows) to add a sense of gloom [Pramaggiore and Wallis

2005]. Scenes lit with dark shadows rarely appear happy [Landau

2014]. Our objective is to examine how viewers perceive different

illumination levels in computer animation and what effect this may

have on their perception of virtual characters.

For our study, we obtained industry-standard character models

and commissioned professional animators to create a corpus of an-

imations of the characters enacting several key emotional states.

In our Cartoon Experiments, we examined how lighting condi-

tions affected the recognition, perceived intensity, and appeal of

emotions portrayed by animated stylized virtual characters. The

first main experiment was a baseline laboratory experiment, fol-

lowed by a large-scale online experiment to validate the baseline

results. Finally, we tested a range of other conditions to determine

the effect on the baseline (effect of audio, complex background, and

movement). In our Realism Experiments, we investigated how our

results could generalize to realistic characters by testing a range of

characters differing in the realism of their appearance.

Our main contribution is our clear and concise results, which

could be directly usable to transmit differences in mood or to in-

crease appeal. Our lighting threshold levels can be replicated based

on the description in Section 3.1. Some of our results confirm

conventional wisdom, while others were unexpected. The mag-

nitude of our effects were medium to large for all of our results

(η2 >= 0.06). Our main findings are:

• Higher brightness makes for more appealing characters, re-

gardless of the emotion they portray.

• Brightness can be used to alter the perceived intensity of

some emotions. The effect is opposite for happy and sad,

where brighter conditions intensify the expression of happi-

ness, while darker conditions increase the intensity of a sad

expression.

• The perceived intensity of anger and fear remains constant

across all lighting conditions.

• Darker shadows are unappealing for cartoon characters but

do not affect the appeal of realistic characters.

2 RELATED WORK

Lighting has been widely used in film, photography, theater, com-

puter animation, and other visual arts to create different moods.

However, the association between lighting and audience emotions

are mostly drawn from conventional practices based on observa-

tions, particularly in film [Grodal 2005]. Many filmmakers have

experimented with different types of lighting and made assump-

tions based on these experiments, although some studies do exist

that test the film theory’s pragmatism; for example, a recent empir-

ical experiment by Poland [2015] that found “low-key” stimuli pro-

duced reports of lightheartedness contrary to the practice of cine-

matographers. Seif El-Nasr et al. [2006] and De Melo et al. [2007]

studied the effect of lighting in creating emotion in video games

and virtual characters, respectively, but both studies concentrated

on implementation rather than designing perceptual experiments.

There have been many attempts to map the ability of view-

ers to discriminate lightness levels in the empirical work in psy-

chophysics [Fechner et al. 1966; Stevens 1957]. Although humans

are relatively good at discriminating between different lighting in-

tensities, the perception of a surface’s brightness is thought to be

dependent almost exclusively on the surface properties of an illu-

minated object. Indeed, as Kardos [1934] pointed out, people tend

not to include shading and shadows when describing a scene. To

maintain the characteristics of an observed object, the human vi-

sual system is highly skilled at accounting for contextual informa-

tion as well as surface characteristics. For example, a box that is

black is seen as black regardless of how bright the room that con-

tains the box is. This is called lightness constancy and it is still

a puzzle in visual science research [Brainard 2003; Gilchrist et al.

1999].

Specific methods to measure this phenomenon have been devel-

oped, such as asymmetric matching and apparent dissimilarity of

the surfaces (see Logvinenko and Maloney [2006]). Lightness con-

stancy is particularly important in preserving object identity when

part of the object is not illuminated, i.e., in shadow. Shadows and

shading are essential in shape information acquisition [Mingolla

1983] and have long been utilized in vision and computer graph-

ics to present or retrieve the three-dimensional shape of an object

[Bruckstein 1988]. Another important role of shadows and shad-

ing is to provide cues of light direction overriding the prior of dif-

fuseness in natural light and light-from-above [Morgenstern et al.

2014, 2011].

Shadows also create a difference in the surface color texture of

an object, but the perceived color is likely to remain that of the il-

luminated part of the object, such as in the color illusion described

by Adelson [2000]. However, it has been shown frequently that

perception of object properties such as shape and material varies

as a function of light [Koenderink et al. 1996; Zhang et al. 2019,

2018], and various lighting conditions also affect the perception of

shadow differently [Pamir and Boyaci 2016; Peli et al. 1991; Van

Nes and Bouman 1967]. In addition, it was shown that we can-

not predict the color appearance of objects from color distributions

alone, as object recognition also interacts to form a reliable repre-

sentation in natural scenes [Witzel and Gegenfurtner 2018].

In summary, lighting perception is the intricate relationship be-

tween changes in physical lighting and specifics of the human vi-

sual system adapting to attempt to preserve the consistency of the

object properties.

Accurate perception of human emotions, particularly when

conveyed through facial expressions, is an important task from

an evolutionary viewpoint, thus humans are highly sensitive to

even subtle emotional expressions. While many systems exist in

the literature for classifying emotion, the most common approach
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categorizes emotions based on their cross-cultural and evolution-

ary importance, i.e., basic emotions (see Ekman [1992]). Common

basic emotions are anger, happiness, sadness, fear, surprise, and

disgust. Some of these emotions have already been investigated

widely in the graphics community, particularly with regard to how

their perception changes by manipulation of appearance [Hyde

et al. 2013; Wallraven et al. 2007] and animation properties [Clavel

et al. 2009; Ennis et al. 2013; Hodgins et al. 2010; Pelachaud 2009].

For stylized characters, the expression of emotion can be addi-

tionally manipulated by exaggerating the motion of the character

[Lasseter 1987; Thomas and Johnston 1995]. This is a widely prac-

ticed technique designed to make the emotional expression of the

character more salient [Lasseter 1987] and more appealing [Hyde

et al. 2013]. Stylized appearance also plays an important role in

emotion recognition and perceived intensity of the expression. In

the study of Wallraven et al. [2007], the expressions of highly styl-

ized characters (created with the brush-stroke method) were not

only less recognizable than other stylization techniques but also

rated as less sincere and intense due to the noise of the outlines

as the character was moving. According to this study, the results

showed that while stylization is often a preferred design choice

that provides subjective certainty about the conveyed expression,

high abstraction was found to hinder recognition of facial expres-

sion and resulted in an unfavorable response to the character.

There have been previous studies that tested the recognition and

intensity of emotion as well as the overall appeal of stylized char-

acters. The appeal and emotion of stylized virtual characters was

studied by McDonnell et al. [2012]. In this research, the creation of

cartoon-like appearance was achieved by changing the character’s

render style. While certain styles of cartoon rendering have been

found less appealing than others when assessed from still images,

these differences were even more apparent when the character was

moving. Stylization and motion were found to be important factors

of appeal. Zell et al. [2015] tested appeal and emotion perception of

virtual characters from still images. The changes in realism were

obtained by changing the geometry (exaggerated features, such as

enlarged eyes, big nose, etc.) and materials (scanned texture from

a real actor and artist-created textures) of the character. Extreme

mismatches of material and shape had a negative effect on the per-

ceived appeal, and cartoon shapes increased the reported inten-

sity of certain emotions, especially for happy, sad, and surprise.

This study also examined different lighting conditions but found

few effects. More closely related to our work, Lotman [2016] con-

ducted a pilot study where they tested just two different lighting

conditions (low and high contrast) on live-action footage of an ac-

tor’s face, under three different emotional expressions. They found

some evidence of lighting and emotional interactions, but not for

the happy and angry expressions, only for disgust.

In this study, we identified both appeal and emotional state to

be the most important aspects of character perception to investi-

gate, as these are central to storytelling, and artists use cinematic

lighting extensively to enhance these aspects to captivate audi-

ences [Calahan 1996]. In our previous study [Wisessing et al. 2016],

we identified the importance of examining these two aspects to-

gether. We examined a small set of lighting conditions, such as the

lighting direction (from above and below) and contrast level (dark

vs. bright shadows), using a single cartoon model under different

emotion conditions. Our previous study was focused more on the

differences between toon-shaded and CG-shaded characters and

found that the lighting conditions that we tested had no effect on

the perceived intensity of emotion of CG-characters. We hypoth-

esize that this was due to the low sampling of contrast and lack

of investigation of brightness. Both papers identified the lack of

interdisciplinary empirical studies attempting to understand how

cinematography techniques work with human perception.

There are some indications that emotional valence could be re-

lated to brightness in the field of psychology. While some studies

focused on how brightness can affect viewers’ emotions [Zhang

et al. 2016], one study examined the perceptual effect of smil-

ing vs. frowning faces and found smiles to be perceived brighter

than frowns [Song et al. 2012]. A similar study investigating cross-

cultural figurative language and emotions by Barchard et al. [2017]

has confirmed that the dichotomous descriptor “bright” is associ-

ated with happiness and “dark” is associated with sadness, anger,

and fear (all rated above 87% by the participants). These stud-

ies imply that there is a semantic association between emotions

and brightness, supported by another study using Stroop-like test

where positivity and brightness were found to be associated [Meier

et al. 2004].

Xu and Labroo [2014] found that bright light increases people’s

perception of heat, which in turn activates their hot emotional

system, leading to intensified affective reactions—positive and

negative—to different kinds of stimuli. Based on this, we could

hypothesize that higher brightness levels of the key light will

lead to higher intensity ratings of all emotions (both positive and

negative).

In this article, we evaluate the perception of stylized computer-

generated characters under a range of highly controlled lighting

conditions. We hypothesize that different combinations of bright-

ness and key-to-fill ratios will affect the information conveyed to

viewers about the shape of a character’s face, leading to differences

in the perceived intensity of facial expressions. We also hypothe-

size that shading could be used to affect the saliency and recog-

nizability of emotions, which are strongly related to the appeal or

likeability of cartoon characters.

3 CARTOON EXPERIMENTS

In this set of experiments, we were interested in how key light

brightness and key-to-fill ratio affect the perception of the emotion

and appeal of a cartoon animated, stylized CG character.

We hypothesized that lighting, based on the recent study by

Barchard et al. [2017], will have certain associations with the per-

ception of particular emotions portrayed by the characters. More

specifically, we expected to see perceived happiness responding to

the change of brightness, as well as perceived sadness, anger, and

fear responding to darkness.

3.1 Stimuli Creation

For the CG characters used in our experiments, we chose two

females (Mery1 and Jasmine2) and two males (Franklin3 and

1http://www.meryproject.com.
2http://www.cgmeetup.net/home/jasmine-rose-rig-free-maya-character-rig-female-
character-rig/.
3https://artella.leadpages.co/artella-character-giveaway/.
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Fig. 2. Three-point lighting setup used in our studies, following industry

conventions. Setup shown from the (left) top and (right) side view.

Malcolm4) that had typical appearance commonly seen in ani-

mated films (Figure 1). All models had detailed, controllable facial

rigs enabling an animator to create high-quality animations.

3.1.1 Recordings. Emotional dialogue was recorded in our stu-

dio from a male and female actor that were asked to convey a set

of validated affective sentences for spoken emotion identification

[Ben-David et al. 2011]. The dialogue was recorded for a neutral

expression and emotions of anger, sadness, fear, and happiness.

Each sentence lasted approximately three or four seconds. We then

commissioned a set of animations for each character from two pro-

fessional animators who were provided with the audio recordings.

The voice acting was performed by a female actor for Mery and

Jasmine and a male for Franklin and Malcolm, as we wanted the

recorded voice and acting to feel natural to the gender of the char-

acter. Although the dialogue for each emotion is the same (e.g.,

“I’m sick of you being late” for anger), the animator created dif-

ferent facial motions for each character to match the voice, into-

nation, and character’s appearance for each emotion. Therefore,

in our experiments it is not possible to separate the effect of the

character’s appearance, gender, and performance (we do not test

for these separate factors).

3.1.2 Lighting. The appearance of each character was normal-

ized to avoid the effect of color differences by using the same set of

materials. Each were lit in a well-known three-point lighting setup

[Millerson 1991] consisting of three light sources: a key light—the

main source illuminating from one side of the camera; a fill light—

from the opposite side—brightening up the shadow cast by the key

light; and a rim light separating the background from the character.

An additional key light (kicker) was also added to the key side of

the character to lighten the edge of the character’s face. We chose

this setup over global illumination (GI), as artists still heavily rely

on a variation of three-point lighting to accentuate the emotion

and appeal of the character [Birn 2014].

Figure 2 shows the relative angle of each light with respect to the

camera and the character. In cinematography and photography,

the ratio of the intensity of the key and fill lights projected onto

the character’s face—or Key-to-Fill Ratio (KTFR)—is often used

as a measure of contrast. We chose just one direction to test due to

4https://www.animschool.com/.

Fig. 3. Nine lighting conditions used in the Cartoon Experiments, which

were rendered with different (key light) brightness and key-to-fill ratios

(KTFR).

the fact that lighting direction had no effect on emotion intensity

or appeal ratings in our previous work [Wisessing et al. 2016], even

for the extreme lighting directions tested (light from directly above

and below the face).

For our experiments, it was essential to select lighting condi-

tions that were uniformly sampled from the lighting perceptual

space. In previous work, we conducted psychophysical experi-

ments on cartoon stimuli with ranging key light brightness and

KTFR to model the connection between the lighting changes and

the perceived scene brightness and shadow depth [Wisessing et al.

2019]. Multidimensional scaling (MDS) analysis was used, which

revealed the perceived (dis)similarity structure and dimensions of

the interested entities. Based on this MDS plot, we selected nine

lighting conditions (three levels of brightness—100%, 50 %, 25%—

and three levels of KTFR—1:1, 2:1, 4:1) that were a well-spaced,

regular sampling of the perceptual space of KTFR and key light

brightness (Figure 3). The 100% brightness and 1:1 KTFR level was

defined as the maximum possible brightness we could illuminate

the character, equally on both the key side and fill side of the char-

acter face, without overexposing (no highlight clipping). The light-

ing was generated using the Maya 2017 software package and ren-

dered with the Redshift 2.5 GPU renderer. The contribution of each

light was separately saved in linear color space into individual EXR

files—the lossless floating-point image format—to preserve details

and was later manipulated in Nuke 10.5 to create the other levels

of brightness and KTFRs.

Once imported into Nuke, the renders from each light were

added together (Figure 4) and gamma-corrected with a gamma

value of 2.2. The brightness of the combined image was checked

and adjusted to ensure the maximum possible and equal luminance

on both key side and fill side of the character face without the
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Fig. 4. Contribution from key light and fill light were rendered separately

and later combined and manipulated to create different levels of brightness

and KTFR. The picture above shows adding 100% key light brightness and

100% fill light brightness to make 100% brightness-1:1 KTFR.

Fig. 5. Franklin and Mery with neutral expression in front of two complex

background scenes.

RGB value of any pixel going over [1,1,1]. Again, this was our 100%

brightness and 1:1 KTFR. After that, the overall brightness of the

image was reduced to: 50% and 25% of the 100% brightness level

(after the gamma correction). The brightness of the fill side was

reduced further to create the 2:1 and 4:1 KTFR for each brightness

level. The light is white, so the white point temperature takes on

that of the monitor, which was calibrated to 6,500K.

3.1.3 Movies and Presentation. Each character was rendered in

front of a middle gray background to reduce the effects of relative

lightness. The four brightness levels combined with four KTFR lev-

els yielded 320 movie clips (five emotions, four characters). These

movies contained no audio, so participants could focus specifically

on the appearance of the character. A second subset (with just two

characters) was generated with synchronized audio to assess the

effect of the character’s voice. Audio levels were normalized to

ensure they were at the same volume level for each emotion. A

third subset (with just two characters) was generated with com-

plex backgrounds (Figure 5) instead of gray to assess the effect of

background complexity.

Since it is known that there is some information for emo-

tion that is only available over time and not in any given frame

[Cunningham and Wallraven 2009a] and that this dynamic infor-

mation can compensate for degraded or noisy static information

[Cunningham and Wallraven 2009b], we created another set of

stimuli containing only a still image of an extreme pose chosen

by hand from each movie of each emotion for Mery and Franklin

characters. Comparing the results of static and dynamic stimuli

allows us to begin to separate the contribution of shape from the

contribution of motion.

Stimuli for all laboratory experiments were presented on a 27”

Dell U2713Hb monitor (100% sRGB calibrated with the white point

of 6,500K and 80 cd/m2) in a completely dark room to reduce the

interference of outside light. The size of each movie was 600×
600 pixels, which corresponded to approximately 10.3×10.3 de-

grees of visual angle. The online experiments were presented on a

range of devices from a tablet to a large desktop monitor, and the

movie size was reduced to 300×300 pixels for compatibility, and

we did not control for the environment lighting conditions.

3.2 Laboratory Experiment (Baseline)

Our first experiment was our baseline, a controlled laboratory ex-

periment where we were interested in whether lighting changed a

participant’s capability to recognize emotion and how intense that

emotion was conveyed. We were also interested in which lighting

combinations were most appealing to the participant. For the base-

line, movie clips of the Mery and Franklin characters with no audio

as stimuli were chosen to determine the effect of lighting on ap-

pearance alone.

A within-participant design was used for this experiment: All

participants saw each combination of character, emotion, and

lighting, and 7-point Likert rating scales were used to gather the

subjective opinions of participants toward the different lighting

conditions.

There were 180 trials in total in this experiment: 2 characters

(Mery and Franklin, with different animations) × 5 emotions (neu-

tral, anger, sadness, fear, happiness) × 3 levels of brightness (100%,

50%, 25%) × 3 levels of key-to-fill ratio (KTFR: 1:1, 2:1, 4:1) × 2 rep-

etitions. To avoid fatigue, we included only 2 repetitions. Movie

clips were viewed by the participants in random order, and after

each movie they were instructed to answer three questions:

• Which emotion did the character portray? Participants used a

mouse to click on one of the words that were displayed on-

screen: Neutral, Anger, Sadness, Fear, Happiness, or Other.

• How intense was the indicated emotion portrayed by the char-

acter? Participants rated the intensity on a scale of 1–7 by

moving a slider on the screen using a mouse-click; 1 on the

slider represented a rating of “Not at all,” and 7 represented

“Extremely.” They were informed to base their judgment on

how strong their impression of the portrayed emotion was.

• How appealing was the character overall? Participants rated

appeal on a scale of 1–7 by moving a slider on the screen,

using a mouse; 1 on the slider represented a rating of “Not at

all,” and 7 represented “Extremely.” They were informed to

base their judgment on how much they would be captivated

by a movie with that character in the leading role and would

like to watch more of them.

Fifteen volunteers (5F, 10M, aged 18–57, avg. 35) took part in

this experiment. The experiment lasted approximately 30–40 min-

utes, and the participants were allowed to take a 10–15 minute

break mid-way through the experiment. In this and all subsequent

laboratory experiments, university ethical approval was granted

for the experiment. Participants were from different disciplinary

ACM Transactions on Graphics, Vol. 39, No. 3, Article 19. Publication date: April 2020.
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Fig. 6. Interaction between brightness and emotion for ratings on inten-

sity in the baseline experiment. Star labeled lines point to significantly

different means according to the post hoc test. Error bars show standard

error of the means.

backgrounds and were recruited primarily via university student

and staff mailing lists. All had normal or corrected-to-normal

vision and were naïve to the purpose of the experiment. A book

voucher was given to participants as a reward for taking part.

Results

For the statistical analysis, we conducted three separate repeated-

measures Analysis of Variances (ANOVAs), one each for the results

on recognition, appeal, and intensity. Each ANOVA had the

within-participants factors character (2), emotion (5), brightness (3),

and KTFR (3). The ratings for each participant were averaged over

the two repetitions. We ran Mauchly’s test for validating sphericity

of the data, and whenever it is significant, we report results with

Greenhouse-Geisser correction applied and marked with an aster-

isk “*”. Post hoc tests were conducted using the Tukey Honestly

Significant Difference (HSD) test for the comparison of means. We

only report the main results of the experiment in this section. For

the summary of all significant effects and interactions with post

hocs, see Table 1 in the supplementary material.

Recognition: For the recognition of emotions, responses were

converted to scores “1” (correct) or “0” (incorrect) and averaged

over stimuli repetitions. Recognition rates for all emotions were

very high, ranging from 81% to 98%, where all emotions were

recognized equally well except for anger, which was significantly

more recognized than fear (p < 0.009).

Some small differences in how brightness and KTFR combina-

tions affected the recognition rates for individual emotions were

found, but no trends.

Intensity: Intensity ratings were high in general, which is ex-

pected for exaggerated cartoon animations, where anger was rated

as the most intense (average: 6.15), followed by happiness (aver-

age: 5.63), then fear (average: 4.95) and sadness (average: 4.94) were

rated as the least intense (p < 0.009 in all cases).

Interestingly, an emotion-specific effect of brightness was

found, where for happiness 100% brightness was rated as signif-

icantly more intense than 25% (p < 0.004). For anger, sad, and fear,

there was no significant difference in intensity ratings for the dif-

ferent brightness levels (Figure 6). However, for sadness, there was

Fig. 7. Interaction between brightness and emotion for ratings on appeal

in the baseline experiment. Star labeled lines point to significantly differ-

ent means according to the post hoc test. Error bars show standard error

of the means.

a trend showing the darker condition was rated as more intense.

We conclude that brightness is important for the portrayal of inten-

sity in a happy emotion. There was no effect of or interaction with

KTFR for intensity ratings.

Appeal: A main effect of brightness was modulated by an inter-

action between brightness and emotion (Figure 7). For all emotions

except sadness, 25% brightness was less appealing than 50% and

100% (p < 0.002). For sadness, 25% was only less appealing than

50% (p < 0.012). In general, brightness had a strong effect on ap-

peal, with low brightness rated as less appealing than higher bright-

ness for all emotions. While an interaction between brightness and

KTFR occurred, no significant differences were found in the post

hoc tests, implying that KTFR had no major effect on appeal ratings.

3.3 Online Experiments

Our online experiments were devised to confirm and generalize the

effects found in the baseline experiment. In particular, we wished

to confirm the impact brightness had on the appeal and intensity

of the happiness and sadness emotions—as clear effects and ten-

dencies were found in the baseline, and to generalize the results

with additional characters and environmental conditions. All four

cartoon characters (Jasmine, Malcolm, Mery, Franklin) were used

with a reduced set of brightness levels: 100% and 25%, as we were

only interested in the extreme changes that affected our results

in the laboratory experiment. As KTFR did not affect our results

previously, we used 1:1 KTFR throughout.

We chose to conduct these experiments in a less-controlled envi-

ronment than the baseline (varying monitor size, brightness of the

room, monitor settings, etc.) and so required a much larger pool

of participants (120 in total), which we acquired through US and

European crowd-sourcing platforms MTurk5 and Prolific.6 In total,

80% of the participants were native English speakers. Additionally,

some modifications had to be made to conduct the experiment on-

line. First, we only used one rating scale throughout the experi-

ment to keep instructions minimal and clear. Therefore, we con-

ducted two experiments in total. The first experiment investigated

5https://www.mturk.com.
6https://prolific.ac.
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Fig. 8. Interaction between brightness and emotion for ratings on inten-

sity in the online experiment. Star labeled lines point to significantly dif-

ferent means according to the post hoc test. Error bars show standard error

of the means.

intensity alone, while the second investigated only appeal, and we

altered the question from the baseline to allow for the fact that par-

ticipants were not asked to categorize the emotion by specifically

telling them that the emotion being portrayed was either happy or

sad. For the happy emotion, the questions were:

• How intense is the happy emotion portrayed by the character?

Participants were informed to rate the intensity on a scale of

1–7 (1 = not intense at all, and 7 = extremely intense).

• The character is happy. How appealing is the character overall?

Participants were informed to rate the appeal on a scale of 1–

7 (1 = not appealing at all, and 7 = extremely appealing).

Sixty participants (22F, 38M, aged 18–62, avg. 33) in total took

part in the intensity experiment and an additional 60 participants

(26F, 34M, aged 18–62, avg. 31) took part in the appeal experi-

ment. Half of participants were sourced from MTurk and half from

Prolific for each experiment, and ratings were averaged over the

two repetitions, as before. In each experiment, 32 animation clips

(4 characters, 2 emotions: happiness and sadness; 2 brightness lev-

els: 100% and 25%, and 2 repetitions) were shown to the partici-

pants in random order. A within-participant design was used for

each experiment: All participants saw each combination of char-

acter, emotion, and lighting.

Results

For the statistical analysis of each experiment, we conducted a

repeated-measures ANOVA with within-groups factors: charac-

ter (4), emotion (2), brightness (2), and source (2). We also ran the

Mauchly’s sphericity test and found no significance. Post hoc tests

were conducted using the Tukey Honestly Significant Difference

(HSD) test for the comparison of means. Only relevant main ef-

fects and interactions are reported in the text. See Table 2 in the

supplementary material for all significant results.

Intensity: As in the baseline, an emotion-specific effect of bright-

ness was found (Figure 8). For happiness, 100% brightness was per-

ceived as more intense than 25% (p < 0.009). For sadness, we previ-

ously found a trend; while here, we find a significant effect where

the 25% was perceived as more intense than 100% (p < 0.024).

Fig. 9. Interaction between brightness and emotion for ratings on appeal

in the online experiment. Star labeled lines point to significantly different

means according to the post hoc test. Error bars show standard error of

the means.

Therefore, we replicated the effects of brightness on emotion inten-

sity. The source also affected the intensity ratings, with the Prolific

participants rating sadness as more intense than the MTurk par-

ticipants (p < 0.031), while there was no difference for happiness.

As expected, some characters were found to be more intense than

others portraying the different emotions, but we found no interac-

tions between character and brightness, implying that the effect of

brightness on the perception of intensity generalized across all char-

acters tested.

Appeal: Happiness was found to be more appealing than sadness

(p < 0.0001) overall (Figure 9). Additionally, we found that 100%

brightness is overall more appealing than 25%, which replicated

our result from the baseline. However, this time it was emotion-

specific, where 100% brightness was rated as more appealing than

25% (p < 0.0002), but for sadness, there was no significant differ-

ence, but a trend can be observed. With regard to characters, there

was no interaction between brightness and character, implying

that brightness had the same effect on appeal ratings across all char-

acters tested.

3.4 Audio, Background, and Movement Experiments

In films and games, character lighting is generally accompanied

by other storytelling devices such as audio and the background.

Therefore, our final set of Cartoon Experiments aimed to inves-

tigate additional effects that were not included in the baseline. A

different group of 15 participants (see Table 1 for details) took part

in each experiment and assignment to a block was random, based

on order of appearance.

The first experiment investigated the addition of audio, which

we hypothesized would change the intensity of the perceived

emotions. Participants were shown the movie clips of Mery and

Franklin, with synchronized audio, which they listened to on a set

of closed-back headphones.

The second experiment investigated background complexity on

user perception, which we hypothesized would lessen the per-

ceived intensity of the emotion, as there was more competing in-

formation to process. Participants viewed movie clips of Mery and

Franklin in context with two different, more complex, background

scenes (Figure 5).
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Table 1. Summary of Conditions and Participants

in Cartoon Lab Experiments

Experiment Movement Audio Background Participants

5F, 10M

Baseline Movie No Gray aged 18–57

avg. 35
7F, 8M

Audio Movie Yes Gray aged 18–37

avg. 31

9F, 6M

Background Movie No Complex aged 18–42

avg. 26

4F, 11M

Movement Still No Gray aged 18–47

avg. 30

The third experiment investigated the effect of movement,

and we hypothesized that emotions would be perceived as more

intense when still than when moving, since a still image would

show the peak of the expression rather than the full sequence

(with anticipation, etc.). Participants viewed only the still images

of Mery and Franklin for four seconds each, the average length of

the movies.

A within-participant design was used for each experiment, and

the details of the experiments were kept exactly the same as the

baseline (Section 3.2).

Results

For the statistical analysis of each experiment, we conducted three

separate repeated-measures Analysis of Variances (ANOVAs), one

each for the results on recognition, appeal, and intensity.

Since all elements of the new experiments were identical to the

baseline with the sole exception of the new manipulation, we treat

each of these new conditions as a between-groups factor (audio,

background, or movement, respectively) and compare against the

baseline data (Section 3.2).

Therefore, for the analysis of each new condition, we conducted

a between-groups ANOVA with two conditions—new condition

and baseline, and within-participants factors character (2), emotion

(5), brightness (3), and KTFR (3). We only discuss interesting new

results. Please see Tables 3, 4, and 5 in the supplementary material

for all significant effects.

3.4.1 Audio. As before, recognition was high, but in this case

emotion recognition was higher with audio than without audio.

Recognition was over 98% for all emotions, compared with a range

from 80% to 98% in the baseline. This is reflected in the significant

interaction between emotion and audio and interaction between

emotion, character, and audio.

For appeal, an interaction occurred between emotion and audio

that showed only the neutral expression was considered signifi-

cantly less appealing in the audio condition than in the baseline

(p < 0.005), perhaps due to the addition of a monotone or boring

voice portraying a neutral sentence.

3.4.2 Background. There was no effect of background on

recognition, intensity, or appeal. Implying that a complex back-

ground did not alter any ratings.

3.4.3 Movement. Movement affected emotion intensity, where

the most intense emotions (anger and happiness) were rated even

more intense in the movies than in the still images (p < 0.02),

whereas fear was less intense in the movie (p < 0.009). This re-

sult could be influenced by the selection of the frame for the still

image from the movie, as there were fewer “peak” frames of emo-

tional intensity in the fear sequence than in anger or happiness.

Additionally, anticipation [Thomas and Johnston 1995] was used

in some sequences more than others, which could have caused a

heightening of intensity for certain movies over the still images.

KTFR also interacted with movement, where KTFR 4:1 increased

the intensity but only for still images (p < 0.02).

3.5 Cartoon Experiments—Discussion

Emotion recognition for all of our cartoon characters and exag-

gerated emotions was very high, both for still images and movies,

and generally unaffected by brightness and KTFR. Audio improved

recognition in general, which was expected.

The main highlight from the results is the contrasting effect

of brightness on the intensity of happy and sad emotions; where

brightness intensifies happiness, while darkness intensifies sad-

ness. This result aligns well with previous findings showing that

smiling faces were perceived brighter than frowns [Song et al.

2012]. Perhaps there is an expectation for happiness to be bright in

order to be intense, based on some association between happiness

and brightness. These results on intensity are robust, as they were

present in our carefully controlled laboratory experiment and re-

peated and generalized with more characters and environmental

conditions in our online experiment.

The effect of KTFR on emotion intensity was not detected here

or in our previous work [Wisessing et al. 2016], perhaps due to the

high level of expressiveness of the cartoon characters overpower-

ing the effect of shadow, or the fact that our lowest KTFR was not

dark enough. Therefore, we extend the investigation into KTFR to

our Realism Experiments (Section 4).

Our main result regarding appeal was that brightness increased

appeal in general for all emotions, while KTFR did not appear

to have an effect. However, in our previous work [Wisessing

et al. 2016], we found lower appeal for dark shadows (KTFR),

so we investigate the effect further in our Realism Experiments

(Section 4).

Another interesting finding was that fear and anger were en-

tirely unaffected by lighting in our baseline experiment. This goes

against our hypothesis based on both hypotheses from research in

psychology (according to Barchard et al. [2017], we would expect

darkness to affect both anger and fear; or based on Xu et al. [2014],

we would have expected all emotions to have higher intensity rat-

ings under brighter conditions). We are unsure why this occurred,

so we investigate further in our Realism Experiments (Section 4)

with a larger range of KTFR as well as more realistic depictions of

anger and fear from expression scans of real humans.

The addition of voice had little effect on intensity and only af-

fected appeal in the case of the dull neutral sentence, being less ap-

pealing with the monotone voice added. This result is in contrast

to previous work investigating the perception of virtual charac-

ters, where audio overpowered visual information (e.g., Hodgins

et al. [2010], Hyde et al. [2013], and McDonnell et al. [2012]).
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The addition of a more complex background also had little effect

in general, implying that our results should generalize to more nat-

ural scenarios with characters portraying emotions in the context

of a scene. However, further testing with dynamic scene lighting

would be necessary.

4 REALISM EXPERIMENTS

The results of our Cartoon Experiments surprisingly showed that

lighting and shadow had less of an effect on emotion recognition

and intensity than we had hypothesized. The cuteness and exag-

gerated expressions of the selected cartoon characters might be

one reason. We are interested in the effect of shape/realism on the

perception of emotion and appeal, since there is evidence in pre-

vious work of differences in emotional response to realistic and

stylized virtual humans (e.g., MacDorman et al. [2009], McDonnell

et al. [2012], and Volante et al. [2016]). We are also interested if our

results on intensity and appeal of stylized characters will general-

ize to realistic faces.

Apart from the differences found in studies on emotional re-

sponse, there is also a known effect where shading information is

used to retrieve the shape information of a 3D object [Bruckstein

1988]. Studies have shown that shadows can actually alter an ex-

pression from happy to sad, as is the case of Noh masks [Kawai

et al. 2013]. We would like to test if shadows would influence the

perception of emotion on different facial geometries in our exper-

iments, and hypothesize that the presence of shadows will affect

emotion recognition for realistic as opposed to stylized faces, since

shading highlights shape information.

Stimuli Creation

For the stimuli in these experiments, we carefully chose three facial

shapes that corresponded to distinct levels of stylization, ranging

from highly cartoon stylized (Toon) to a middle level of styliza-

tion (Middle) to a realistic photogrammetry scan (Realistic), and

two genders, male and female, for generalizability (Figure 10). The

models were shared from Zell et al. [2015]’s online character repos-

itory. Each model was posed to convey a static neutral, angry, sad,

and happy expression. The three-point lighting environment and

render pipeline were set for these new models in a similar manner

to the Cartoon Experiments, using the combination of 3ds Max,

Maya, and Nuke software to ensure consistency between lighting

conditions across the different models.

Since there were no major differences in perception of lighting

between moving and still stimuli in the Cartoon Experiments, we

focused on the perception of still images in these experiments for

simplicity. Additionally, since KTFR had little effect in the Cartoon

Experiments, we extended the range to include a higher KTFR. Fi-

nally, there were no interactions between brightness and KTFR in

the Cartoon Experiments, so we separate the conditions into two

experiments (examining brightness level and KTFR separately) to

lower the number of trials.

Experiment Design

Two groups of 15 participants took part in these experiments

(7F, 8M, aged 18–47, avg. 28, and 7F, 8M, aged 23–52, avg. 30).

We conducted two within-groups experiments: one for key light

Fig. 10. Samples of stimuli used in the Realism Experiments. From left to

right show stylization levels: Realistic, Middle, and Toon. Row 1: sadness

male-100% brightness-1:1 KTFR, Row 2: sadness male-100% brightness-

16:1 KTFR, Row 3: happiness female-100% brightness-1:1 KTFR, Row 4:

happiness female-100% brightness-16:1 KTFR.

brightness and one for KTFR. Each experiment lasted approxi-

mately 30 minutes. There were 144 trials in total in each experi-

ment: 2 model genders × 3 shapes × 4 emotions (neutral, anger,

sadness, happiness) × 3 lighting conditions (brightness in experi-

ment 1 (100%, 50%, 25%) and KTFR in experiment 2 (1:1, 4:1, 16:1) ×
2 repetitions. An additional question on eeriness was included in

these experiments due to the use of realistic characters. All other

experimental conditions were the same as before.

Results

Statistical analysis was conducted for brightness and KTFR

separately, as separate repeated-measures Analysis of Variances

(ANOVAs) for each of the three tasks: recognition, appeal, and in-

tensity. All other analysis details were as before. See Tables 6 and

7 in the supplementary material for the significant effects. Since

Zell et al. [2015] investigated the effects of shape, emotion, and

gender in their work, we only discuss these variables if our results

differ from theirs and focus on the main variables of interest in our

study—namely, brightness and KTFR.

Brightness: There was no main effect of brightness or interac-

tion for emotion recognition or intensity. There was a main effect

of brightness on appeal, where 25% was rated less appealing than

100% (p < 0.009). There was also an interaction between bright-

ness, gender, and shape for eeriness, where male Toon at 25% was
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Fig. 11. Interaction between KTFR and shape for ratings on appeal. Star

labeled lines point to significantly different means according to the post

hoc test. Error bars show standard error of the means.

rated more eerie than male Toon at 100%, male Middle at 100% and

male Middle at 50% (p < 0.004).

KTFR: KTFR affected emotion recognition, where 16:1 KTFR

was less recognized than 4:1 (p < 0.022). For intensity, there was

an interaction between KTFR and emotion, where darker shadows

decreased the intensity of happiness (p < 0.0012).

For appeal, there was a main effect of KTFR, where 16:1 was

less appealing than 4:1 and 1:1 (p < 0.05 in both cases). Fur-

ther investigation showed the effect to be emotion-specific, where

anger at 16:1 was rated more unappealing than the other ratios

(p < 0.0002) and happiness at 16:1 and 4:1 were more unappeal-

ing than 1:1 (p < 0.0006). There was no effect of KTFR on the ap-

peal of neutral or sad. On further inspection, an interaction be-

tween gender, emotion, and KTFR shows that the anger effect is

coming from the female character and the happiness effect from

the male. An interaction between shape and KTFR also occurred,

which showed no effect of KTFR on appeal ratings for Realistic

(Figure 11). For Middle, 1:1 and 4:1 were more appealing than 16:1

(p < 0.0064). For Toon, 1:1 was more appealing than 4:1 or 16:1

(p < 0.0011).

A main effect of KTFR on eeriness showed 16:1 was more eerie

than 4:1 or 1:1 (p < 0.0276 in both cases), which was modulated by

an interaction between gender, shape, and KTFR, which showed

this effect to be mainly coming from the male character.

Realism Experiments—Discussion

Emotion recognition was very high in general for all characters

in these experiments (ranging 72%—98%). We pushed the darkest

KTFR to a ratio of 16:1 (compared to 4:1, being the darkest in the

Cartoon Experiments) and found that this had an effect on the

recognition, where very dark shadows significantly affected recog-

nition rates. Therefore, care should be taken when using very dark

shadows in practice to increase intensity, as the effect on intensity

is less than we thought, while making the emotion less recogniz-

able and the character less appealing.

Our hypothesis about dark shadows intensifying realistic shapes

was not correct, as we found no effect of lighting on the angry or

fear emotion in the Realism Experiments. We did, however, repeat

our previous observations from the Cartoon Experiments about

brighter conditions (in this case, KTFR) intensifying happiness.

In general, the darker the lighting condition (both for brightness

and KTFR), the more unappealing. However, our main results of

these experiments is that the appeal of shadow is also affected by

stylization level, as we observed a trend where the more realistic

the character gets, the less effect the darkness of shadow has on

appeal, as the Toon was considered only appealing for 1:1 KTFR,

while middle was more appealing for 1:1 and 4:1, but for realistic,

all three were rated equally. It should be noted, though, that the

realistic shape was rated less appealing in general than the others,

regardless of the KTFR.

5 GENERAL DISCUSSION

In this article, we have conducted a set of novel experiments in-

vestigating the role of portrait lighting on emotion on cartoon and

realistic characters. We carefully designed a scene using a typi-

cal three-point lighting setup that we could manipulate to pro-

duce a controlled set of stimuli, varying in key-light brightness

and shadow intensity (KTFR).

We formed a number of hypotheses on how light would affect

judgments of emotional expression, based on low- and high-level

perceptual psychology research [Barchard et al. 2017; Logvinenko

and Maloney 2006; Xu and Labroo 2014] and best-practice in the

arts and cinematography literature [Lasseter 1987; Thomas and

Johnston 1995]. Our results do not align with any one of these hy-

potheses completely, but have some similarities. For example, our

results show that while brighter conditions intensify the expres-

sion of happiness, darker lighting conditions increase the intensity

of a sad expression. This result is intuitive (e.g., based on evidence

from the literature that associates brightness with emotional va-

lence [Song et al. 2012; Zhang et al. 2016], and the fact that the

dichotomous descriptor “bright” was found to be associated with

happiness, and “dark” with sadness in the research by Barchard

et al. [2017]), but has not been shown to directly affect perceived

intensity of an expression before.

Surprisingly, though, darker conditions did not intensify anger

or fear for any of our characters’ emotions, across all experiments.

This result goes against the hypothesis based on the dichotomous

descriptors, as “dark” was found to be highly associated with anger

and fear [Barchard et al. 2017], or well-known practice in cine-

matography for using low-key lighting to produce a gloomy mood

[Pramaggiore and Wallis 2005]. Additionally, it does not align with

the opposite hypothesis that brightness intensifies perceived emo-

tions, due to activation of the hot emotional system [Xu and Labroo

2014].

In the case of anger, previous work has shown a strong rela-

tionship to the color red [Fetterman et al. 2012]. Future work will

investigate if the use of colored lighting is more effective at height-

ening the intensity of anger.

For fear, previous work has shown a cross-cultural color associ-

ation with the color black [Hupka et al. 1997], and so we are unsure

why darkness had no effect on the perception of intensity of fear

in our experiments. The authors suggested that the potential risk

of nighttime darkness is the same everywhere, and thus black-fear

is founded on our biology. Therefore, in practice, it might be the

case that darkening the environment together with the character

would be important for supporting fear in CG scenes, which could

also be tested in future studies.
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For the portrayal of fear and anger in film, our studies imply that

using dark shadows to increase the perceived emotion of a charac-

ter is not effective; however, it is possible that dark shadows could

be used effectively in other ways to increase intensity throughout

a scene, which will be studied in future work.

For emotion recognition, we found it to be generally robust

against lighting conditions, except for the extreme case of 16:1

KTFR, which reduced recognition. Therefore, care should be taken

when using extreme dark shadows to avoid negative effects on

emotion recognition, particularly since dark shadows were not

shown to have an impact on intensity ratings.

Interestingly, previous work [Meier et al. 2004] has shown evi-

dence for an automatic association between brightness and affect

for categorization of words. We did not record reaction times to

our emotion recognition task in this study, but this could be an

interesting future direction to determine if this automatic associa-

tion extends to more complex stimuli, such as those shown in our

study.

Throughout our experiments, lighting had a much bigger effect

on the appeal ratings than on emotional intensity or recognition.

Across the board, increasing the brightness of the key light or less-

ening the key-to-fill ratio (lighter shadows), increased the appeal.

We also found that brightness had little effect on eeriness, whereas

lightening the shadows reduced eeriness ratings, which could be

an important result for artists trying to reduce “uncanny valley” ef-

fects of their virtual characters. However, it should be noted that,

for characters with realistic appearance, lightening the shadow did

not improve appeal, so key-light brightness alone should be used

to enhance appeal in those cases. These guidelines could be used

to broaden the definition of the “appeal” principle of animation

[Thomas and Johnston 1995] to include lighting.

Even though darkness increased intensity for sadness, it also

reduced appeal, implying that there is not a direct correlation be-

tween how lighting is used for appeal and intensity. In the case of

sadness, a trade-off between using darkness for intensity or light-

ness for appeal is necessary.

It is interesting to note that using bright scenes with no di-

rectional light is currently a popular setup in many applications

with virtual characters (such as pre-schooler cartoon television se-

ries). Our results confirm that the addition of dark shadow does

lower appeal for cartoon characters in particular. However, we

found that a lower level of brightness (50%) can be equally appeal-

ing and intense for most emotions. This is a valuable guideline

for artists—that even negative emotions are more appealing under

bright lights, which is something that was not shown previously.

6 LIMITATIONS & FUTURE WORK

Previous work on lighting has shown that human observers are ac-

customed to diffuseness of natural light [Morgenstern et al. 2014]

and a (weak) prior of light-coming-from-above [Morgenstern et al.

2011]. This might imply that participants would discount lighting

from their assessment of the character. Furthermore, repeated ex-

posures to the same character with different shading may have

introduced a shape memory-effect. However, our experimental de-

sign may have allowed participants to easily discriminate between

lighting conditions due to the repeated exposures. Future work will

investigate this further.

To reduce the explosion of possible variables to test, we con-

trolled for certain aspects of the character’s appearance, such as

the skin and clothing colors. Although we have focused on a sub-

set of the space, our choices were made to address the most general

cases: industry-standard character and animation styles, three-

point lighting setup with white lights.

However, there are other variables that artists use to enhance

emotion that we did not test, such as light color, quality of light,

and lighting direction. It would be interesting in the future to de-

termine the effect of controlled manipulation of these variables

on the effect of lighting on emotion intensity and appeal, particu-

larly to determine if there is an effect on fear and anger; addition-

ally, whether a change from one lighting condition could be used

to enhance emotional intensity. We will make our stimuli pub-

licly available for other researchers to test further parameters at

https://www.scss.tcd.ie/Rachel.McDonnell/EnlightenMe.
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