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Supplemental Materials for Exploratory Stage Lighting Design using Visual
Objectives

1 Comparison with Design Galleries1

In comparison to Design Galleries, our method allows users to very2

quickly focus on the part of the design space of interest to them.3

The same space can be explored with Design Galleries, however the4

full design space would have to be sampled and organized into a5

hierarchy. We show in Figure 1 the challenges with using random6

sampling to try to find a specific part of the design space in a limited7

number of samples.8

2 Workflow Observations9

Users demonstrated a variety of different methods of working with10

the objectives and the interface. We describe some of the common11

workflows to help interpret the results and discuss how the concepts12

could be integrated into the current lighting design process.13

Primary Concepts. One of the first operations performed by al-14

most all users of our interface is to pick two objectives, a color15

objective and intensity objective, and apply those two objectives to16

the entire stage. These objectives serve as the primary objectives17

used in the scene. If the results do not quite line up with what the18

user is looking for, they adjust the parameters of the primary ob-19

jectives and redo the search. Once the stage looks roughly in line20

with their expectations, they remove the primary objectives and start21

refining their design. Users typically then pick a different objective22

to apply to a smaller region of the stage to further refine their design.23

Under this workflow, users typically avoid using pins and instead24

focus in on the parts of the stage that require their attention.25

Targeting and Selection. Many users chose to limit the region of26

the stage the objectives apply to instead of excluding regions from27

their objectives. This is likely due to the small size of the light lab,28

where every area can be cleanly isolated, and pins were simply not29

necessary. Some users also had some difficulty intuiting what lights30

would be selected when a concept was applied. The difficulty comes31

from the fact that physical lights tend to spill outside of a particular32

selected region onto the floor or other background elements, and33

the selected lights are those that influence the selected region, not34

contained within the selected region. We provided users with a35

toggleable view that shows the selected lights to help visualize how36

selection works.37

Fine Tuning. One of the most common complaints about our38

interface was the removal of the individual light slider controls39

found in the traditional interface from our interface. Users were40

often able to quickly get to the point with our interface that they41

wanted to start doing detailed adjustments to individual lights. While42

we did prove the views as a replacement for the sliders, users mostly43

ignored the views, and expressed a preference to just show all the44

lights in the list from the standard interface. The speed at which45

users reached this point is indicative of the effectiveness of our46

system, as it allows expert designers to quickly start doing tasks that47

require their expertise instead of spending those first few minutes48

just setting up the scene, and it allows intermediate users to create49

better designs more quickly.50

As a result of the speed of the interface, users actually spent less time51

using the objectives by themselves than they did tweaking the results52

generated from the objectives. This is a positive indication that the53

interface we built accomplishes the goals of effectively exploring a54

reasonable space of designs as defined by the user’s objectives by55

getting them to a point where they can perform fine-tuning operations56

quickly.57

Layering Concepts. Many users chose to work with one objec-58

tive at a time rather than using multiple objectives at the same time,59

and some were confused by the need to manipulate intensity and60

color concepts separately. The confusion may stem from some UI61

problems found in the version of the tool used in the study, but also62

suggests that people can only hold a few concepts in their mind63

when performing a complex design task. Keeping the list of ac-64

tive concepts displayed in the interface helps with keeping track of65

references while designing.66

3 Prior User Studies67

This section presents user studies run for an earlier draft of the paper.68

We ran two experiments, and present the results here.69

The first study is modeled after a common theatrical scenario: a70

designer is given a prompt and asked to quickly prepare multiple71

candidate lighting designs to present to the director of a stage pro-72

duction. In this scenario it is desirable to create a diverse range of73

results for director to review, as the hope is that at least one of these74

designs aligns well with the director’s vision. In this study (detailed75

in Section 3.1), we found that participants were always able to pro-76

duce a high-scoring lighting design within ten minutes using the77

visual objectives interface. Participants did not always succeed in78

generating a high-scoring design using a traditional slider-per-light79

interface.80

The second study (Section 3.2) was patterned after the previous81

lighting design interface study by Kerr and Pellacini [2009] and is82

designed to directly compare the performance of a lighting designer83

using the visual objectives interface against that of a baseline slider-84

per-light interface. In this study, participants used each interface to85

create a single lighting design for each prompt, and we assessed their86

experience using a post-study questionnaire. We also had expert87

lighting designers evaluate the resulting images. Participants found88

the visual objectives useful but were unable to produce scenes that89

scored well under all evaluators using either interface, motivating90

the need for exploratory design to generate several candidates.91

3.1 Exploratory Design Study92

In this study, we asked participants to act as the lighting designer93

for the director of a hypothetical theater production. To simulate a94

situation where a designer needs to provide quick feedback to the95

director, designers were only allowed to spend ten minutes lighting96

each scene. The goal is for the designer to produce a diverse set97

of designs for the director with the hope that the director highly98

approves of one of the designs. It is common for professional theater99

productions to feature over twenty scenes, so a limited amount of100

design time per scene is a realistic operating scenario in the early101

stages of development.102
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Random Sampling

Visual Objectives (our method)

Figure 1: Comparison between random samples and designs generated by our approach. The target design the user is trying to achieve is the
same as Figure 2 in the main paper.

3.1.1 Experimental Setup103

Tasks. Each participant was asked to complete two lighting design104

tasks taken from in-class exercises in an intermediate undergraduate105

lighting design class. For each task, the user is given a general106

prompt describing the scene along with environmental annotations.107

The two prompts used for this experiment were: “A man sits by a108

fire in an open field. The fire is comforting but the overall scene109

feels a little creepy,” and “A man walks across the path at the back110

of the stage at dawn, feeling relaxed.” By design, these tasks are111

open-ended, and different color and intensity configurations can112

successfully satisfy the prompt. All tasks are performed on the same113

lighting stage featuring 190 lights and 22 light groups.114

Interfaces. We compare two interfaces: the visual objective in-115

terface and a baseline sliders interface. In the sliders interface,116

participants select individual lights or light groups and directly spec-117

ify color using a standard color-selection interface. The sliders118

interface is comparable to the current lighting consoles from the119

theater industry and familiar to the expert participants. To focus the120

evaluation, we did not allow individual slider-based control of the121

lights in the visual objective interface, even though in practice we122

expect a complete tool would offer both interface paradigms.123

Participants. The participants included three experienced theatri-124

cal and cinematic lighting designers and two novices. Each partici-125

pant had normal color vision and was asked to perform two tasks.126

Participants started with a 20-minute tutorial session where they127

familiarized themselves with both interfaces. Then participants were128

given ten minutes with each interface to complete one of the tasks.129

The order of the interfaces used by each participant was randomized.130

Participants could produce as many designs as they desired in the131

allotted time.132

Professional assessment. We recruited an expert lighting de-133

signer (a professor of theatrical lighting design) to serve the function134

of the “director” and judge the quality of the designs produced by135

participants. The judge was presented designs (with the correspond-136

ing task prompt) in random order and asked to assign a grade from137

1 to 5 (with 5 being the best) based on how well the the design138

Visual Objectives Sliders
Num Designs Created (avg.) 3.6 2.4
Max Task Score (avg.) 5.0 4.2
Avg Task Score (avg.) 4.3 4.0
Diversity (avg.) 5 3.4

Table 1: Results of exploratory design study. All five participants
were able to create a top-scoring design using the visual objectives
interface. Only three of five managed to do so using the sliders
interface. (Average per-participant task scores, number of designs,
and diversity are averaged across all participants for each interface.)

achieved the specified goal. We refer to this grade as the task score.139

The diversity of the designs created by each participant was also140

rated on a 1-to-5 scale; this was used to detect cases where the artist141

generated a large number of similar designs.142

3.1.2 Study Results143

The results of this experiment are summarized in Table 1. Recall144

that the goal of this scenario is for the director to find at least one145

design that they like. We found that all participants were able to146

generate at least one scene with the maximum rating of 5 using147

visual objectives interface. Only three of the five participants were148

able to gain a score of 5 when using the sliders interface. Table 1149

also suggest that the director determined that designs created using150

the visual objectives interface were more diverse than those created151

using the sliders interface. This greater diversity may have been152

useful in allowing the director to always find a design that they like.153

Designs created by the participants in this study, as well as the154

individual scores for each design, can be found in the supplemental155

material.156

3.2 Interface Comparison Study157

Our second user study focuses on assessing the performance of158

designers using the visual objectives interface as well as on the expe-159

rience of using the system. We designed this study to closely follow160

prior experiments on lighting design interfaces by Kerr and Pel-161

lacini [2009]. Participants use either the visual objectives interface162

and the baseline sliders interface to create a single lighting design163
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Number of users (higher is better)

The time required to create 
the results was reasonable
I was frustrated when 
using the software
The task was more 
challenging than I expected

The sliders / visual 
objectives were helpful
I selected color 
configurations I was not 
initially expecting

Our interface received a better score.

The standard interface received a better score.

Both interfaces received the same score.

I selected brightness 
configurations I was not 
initially expecting

I am satisfied with the 
results I created

10 2 3 4 5 6

Figure 2: Analysis of the results of our first user study questionnaire
(Section 3.2). We compare our interface and the sliders by counting
how many users gave a better score to ours. Depending on the
question, a high score or a low score is better, and we define a “good
score” accordingly (i.e., it is a high score if the question is about a
positive property, and a low scores if it is about a negative property)
so that a larger number of users in the chart above is always a better
assessment. Our interface receives similar or better assessment for
all the questions except the one about how challenging the task was.

in response to a prompt. The results are judged for task relevance164

and overall quality. Designers were also asked about their experi-165

ence with the interfaces to assess how well our interface assists the166

participants’ design process.167

3.2.1 Experimental Setup168

This study uses the same setup as in Section 3.1.1 with the following169

changes. Instead of generating multiple designs, participants were170

asked to spend all ten minutes allotted to each task creating a single171

design. The study involved 12 participants, who each completed172

four design tasks: two with the visual objectives interface and two173

with the baseline sliders interface. After completing the tasks for174

each interface, the participants completed a survey.175

The prompts for three of the tasks used in this study, along with176

example output from the participants is shown in Figure 6. The177

fourth task was a transfer task (referred to as an open trial by Kerr178

and Pellacini [2009]). In this task, the participant is presented with a179

photograph from a theatrical scene and asked to transfer the lighting180

configuration in the photograph to the target stage. This task is more181

constrained since the artist’s choice of colors and relative intensities182

is intended to follow the input photograph as closely as possible.183

All tasks are performed on the same lighting stage, but different184

stage props are used in the three scenarios to contextualize the task185

(Figure 6). The stage features 44 lights and 13 light groups.186

To judge the quality of resulting designs, we recruited an additional187

professional lighting designer (to augment the judge used in the188

first study) and asked both judges to evaluate each design’s task189

score (relevance to task) and quality score (the overall quality of the190

lighting without regard to the task).191

Judge 1’s rating: 1
Judge 2’s rating: 5

Judge 1’s rating: 4
Judge 2’s rating: 1

Judge 1’s rating: 4
Judge 2’s rating: 1

Judge 1’s rating: 5
Judge 2’s rating: 2

Figure 3: Four results from our interface comparison study for task
(A) in Figure 6. Due to individual preferences for particular lighting
designs, expert judges showed strong disagreement in assessing the
quality of the scenes.

Visual Objectives Sliders
Avg Task Score 3.1 3.3
Avg Quality Score 3.0 3.2

Table 2: Results of interface comparison study. Average scores
for the two interfaces in our interface comparison study. All results
were evaluated on a 1-to-5 Likert scale (higher is better).

3.2.2 Study Results192

Figure 6 provides a sampling of designs created by participants193

during the user study, and shows the visual objectives used to achieve194

these designs. The task prompts, all artist-made scenes, and the full195

results of the questionnaire are provided as supplemental materials.196

Observations and Participant Experiences. The results of the197

user study questionnaire are displayed in Figure 5. Participants198

found visual objectives useful when performing the design tasks199

(avg. 4.25) and all participants had positive experiences with the200

UI for targeting visual objectives on stage (avg. 4.42). Responses201

suggest that participants found the design candidates generated by202

the system to be a useful part of their design process, even though203

sometimes these candidates did not line up with participant expecta-204

tions (avg. 3.16). This could be viewed as a failure of sampling to205

capture visual objectives in some instances, but also could be viewed206

as a useful property that enables participants to encounter design207

candidates that would not have otherwise been considered.208

Participants indicated that they were less frustrated using the visual209

objectives interface when performing tasks (avg. 2.83) compared210

to the baseline (avg. 3.08), but also reported that accomplishing211

tasks was slightly more difficult than expected using visual objec-212

tives (avg. 3.75 vs avg. 3.25 for the baseline). This may be due to213

unfamiliarity with the visual objectives interface, or that participants214

simply expected the interface to be easier to use after the tutorial215

session.216

When working with the interface, we observed that participants217

typically began applying a color and intensity objective to the entire218

stage in order to quickly get to a point close to their intended design.219

If the objectives did not result in the desired effect, participants220

often chose a different set of visual objectives and repeated the221
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1 2 3 4 5

Standard InterfaceOur Interface

I am satisfied with the 
results I created

The time required to create 
the results was reasonable
I was frustrated when 
using the software
The task was more 
challenging than I expected

The design candidates 
agreed with my objectives

The selection tools were 
helpful

The visual objectives 
were helpful

The sliders were helpful

I selected color 
configurations I was not 
initially expecting
I selected brightness 
configurations I was not 
initially expecting

Figure 4: Average response to each question on the interface com-
parison study questionnaire. Responses are on a 1-to-5 scale, with 1
indicating disagreement, and 5 agreement. Error bars represent one
standard deviation.

process. Participants were able to reach a design that they liked222

quickly but expressed a desire to use traditional sliders to perform223

small modifications on the scene to perfect it; as expected this desire224

was especially prevalent among experienced participants familiar225

with direct light manipulation interfaces. More detailed observations226

of the participants can be found in the supplemental materials.227

Professional Assessment. Two expert lighting designers judged228

the quality of the participant’s designs (results summarized in Ta-229

ble 2). In contrast to the first user study, overall task score for both230

interfaces, when results are average across both judges, was low—at231

most 3.3 (similar results hold for the quality score as well). Further232

examination revealed this lower average is due to high disagree-233

ment between the two expert judges. (The variance in task score234

was 0.9 on our 1-to-5 scale.) Although both expert judges assigned235

some scenes high ratings, they were often inconsistent in the designs236

they preferred. Given a condition like “summer night in a city”,237

the judges did not agree over an acceptable range of colors and238

intensities, and were critical of designs that were inconsistent with239

their expectations. Figure 3 provides examples where the judges240

disagreed by a spread of 4 or more.241

While these results make it difficult to draw quantitatively conclu-242

sions about the performance of participants in the study, we believe243

they (along with the results of the first user study) suggest that there244

is notable value in the proposed exploratory design interface. The245

ability to rapidly explore different designs is valuable aid for both in-246

dividual creative thought and also communication between creative247

professionals.248

3.3 Novice Designer Study249

Our second user study examined the extent to which the proposed250

interface could assist novice lighting designers in their design pro-251

cess. We recruited users with little to no lighting design experience252

and asked them to create designs for two different scenarios. Users253

were given as much time as they wanted to create the design.254

1 2 3 4 5

Sliders InterfaceVisual Concepts Interface

I am satisfied with the 
design I created

I was able to easily create 
a design I liked

I was frustrated when using 
the software

The design candidates 
accurately capture the 
visual objective

Figure 5: Average response to each question on the novice study
questionnaire in Section 3.3. Responses are on a 1-to-5 scale, with
1 indicating disagreement, and 5 agreement. Error bars represent
one standard deviation.

3.3.1 Experimental Setup255

Each participant was asked to complete two lighting design tasks256

taken from in-class exercises in an intermediate undergraduate light-257

ing design class. For each task, the user is given a general prompt258

describing the scene along with environmental annotations. The two259

prompts used for this experiment were: “It is a late spring evening.260

A couple sits at a table in their garden watching the sunset.,” and261

“It is a cold winter morning. People have not yet begun the day. A262

man sitting in a armchair before a fire, looks out the window and263

enjoys the silence.” By design, these tasks are open-ended, and dif-264

ferent color and intensity configurations can successfully satisfy the265

prompt. All tasks are performed on the same lighting stage featuring266

44 lights and 13 light groups (shown in Figure 7).267

Participants were trained to use two different lighting design inter-268

faces: a traditional slider-based interface where each light parameters269

could be adjusted using slider controls, and our visual objectives270

interface. In the sliders interface, participants select individual lights271

or light groups and directly specify color using a standard color-272

selection interface. The sliders interface is representative of current273

lighting consoles from the theater industry. The chosen interface for274

each task was randomized for each participant.275

We recruited five participants with little to no lighting design ex-276

perience for this study. Participants were given as much time as277

needed to complete the lighting design tasks. Participants were also278

given a pre-selected library of reference images, but were allowed279

to find images on the internet if they desired (only one participant280

searched for their own images). After completing both tasks, partici-281

pants completed a short survey where they rated the self-assessed282

quality of their design, along with their experience using each of the283

interfaces.284

3.3.2 Results285

While participants ended up with scenes that they were satisfied with286

in both interfaces, they reported a much higher level of frustration287

with the baseline sliders interface (Figure 5). For novice users, much288

of the frustration with the sliders interface comes from being unable289

to predict how changing one set of lights will affect the entire scene,290

leading to a tedious process of trial-and-error as they attempt to291

adjust light parameters to match their intended design. With the292

visual objectives interface, this process was made much easier and293

faster, since changing a design idea was as simple as selecting a294

different image from the image library.295
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(a) It is a summer night in the city.  A suspicious man dressed in dark clothes steps out of an alley ready to follow the 
woman who is passing by.

(b) It is a cold winter morning. People have not yet begun the day. A man sitting in an armchair before a �re, looks out the 
window and enjoys the silence.

(c) It is a late spring evening. A couple sits at a table in their garden watching the sunset.

Figure 6: Designs created by participants of the Interface Comparison study using the visual objectives interface. The reference images used
by the participants to create their designs are shown in the top left of each design.
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(b) It is a cold winter morning. One person goes about their morning 
tasks in their home.

(a) It is a late spring afternoon/evening. A person walks through a garden 
as the sun sets.

Figure 7: Designs created by participants of the novice study using the visual objectives interface. The reference images used by the
participants to create their designs are shown in the top left of each design.

Novice participants agreed that the system produced good design296

candidates from their selected images. Most users left model pa-297

rameters extracted from reference images alone, however one user298

adjusted the color objective to contain colors that were not present299

in the original image, suggesting that none of the available research300

images exactly matched their ideal color palette. Rather than finding301

another reference image, this participant preferred to manually set302

their own palette. Some of the scenes created with our interface are303

shown in Figure 7.304
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