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Abstract
Material appearance modeling should involve end user testing. These tests can be visual comparison experiments
where decisions made with real physical samples are compared with choices done using computer graphic simu-
lations. This type of evaluation is necessary to determine whether simulations derived from material appearance
models can be used to accomplish such tasks as the design of new products or the sale of manufactured goods.
Lighting conditions, viewing circumstances, decision criteria, and user expertise can vary widely in each situa-
tion where the results of material appearance modeling are used to make a choice. An experiment is currently
underway to perform such tests for automotive paint simulation.

1. Introduction

Visual comparison testing should play a greater part in
the development of material appearance models. While the
physics of light measurement and reflection has been stud-
ied intensively to improve the simulation of how things look,
the fact that computer graphic pictures are intended to be ob-
served by people has been largely ignored. This oversight is
surprising because the potential application of material ap-
pearance models in many fields depends upon whether peo-
ple make the same decision using the computer graphic sim-
ulation as they would by looking at real physical samples.
People are very good at performing the visual inspections
that are necessary to, for example, buy a new garment or
select an upholstery fabric, and these choices are typically
made in irregular viewing and lighting conditions. These
challenging factors make it problematic to assume that a two
dimensional synthetic image of a scene will be good enough
to allow the individual to make the same decisions. Visual
comparison testing can confirm or deny whether this is true.

2. Real Material Appearance Design

Although the geometric design of an object is accomplished
today using computer aided design tools, the appearance de-
sign of that same item is still produced using traditional man-
ual techniques. Physical samples that demonstrate the avail-
able material appearances are obtained from suppliers, and
these examples are used to create trend boards that illustrate

the types of color appearances that are to be part of the de-
sign. In the automotive industry, elaborate exterior and in-
terior prototypes are fabricated to allow designers and deci-
sion makers to evaluate how the car will look under different
lighting and viewing circumstances. Once the materials have
been selected, qualification to be a supplier for the vehicle’s
paint or trim requires a manufacturer to bring physical sam-
ples to the design center so that they can be inspected under
controlled lighting conditions. Each of these steps in the ma-
terial appearance design process involves visual inspection
of real material samples.

There are many reasons why visual inspection of actual
physical samples still plays such a dominant role in the de-
sign of material appearance. While there are promising mea-
surement technologies on the horizon, the most important
reason that visual evaluation is still required is that there is
no general way to measure all of the spatial, goniometric,
and spectral reflectance properties of a material, and, even
if there was such a measurement system, there is no univer-
sal material appearance metric that can be used to compare
the measurement results. The effect of complex lighting and
viewing conditions on material appearance also makes it eas-
ier to visually compare two samples while standing side by
side with someone than it is to specify how the comparison
is to be done separately (or by using the yet to be defined
material appearance metric). Finally, the visual training of
design professionals and the role of traditional design prac-
tice cannot be discounted, along with the fact that it always
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seems easier and safer to trust a visual evaluation made with
the examiner’s own eyes.

Although it would appear that the manual material appear-
ance design process is ripe for automation, experience shows
that computer graphic material simulations are not readily
accepted as part of this procedure. There are certainly tech-
nical reasons why this is the case. In the same way that the
lack of general material appearance measurement systems
makes visual comparison necessary in the traditional design
methods, the absence of this measurement tool also means
that the data necessary for realistic simulation of material
appearance is often not available. The utility of simulations
is further limited by the resolution and dynamic range of the
display technologies available to display them. But the pri-
mary reason for the lack of acceptance is the absence of user
testing to determine whether the material appearance simula-
tions can be used to perform the same tasks that are accom-
plished in the manual process with real physical samples.
Without this validation it is impossible to trust the decisions
made with the simulation.

Given the important role that visual inspection plays in
the current material appearance design process and consid-
ering the lack of acceptance that existing computer graphic
simulations have received as solutions to this problem, it
is time to consider the role that visual comparison testing
can play in the development of material appearance simula-
tions. To accomplish this objective it is necessary to identify
the situations where people make material appearance judg-
ments, determine the tasks that they are trying to accomplish
by making these inspections, and develop visual comparison
tests that show whether material appearance simulations can
be used to accomplish these same tasks. This process will
establish the type of problems that can be solved using ma-
terial appearance simulations and the level of verisimilitude
that is required in each case. These tests can also play an im-
portant role in the development of material appearance dif-
ference metrics that are expected to predict the same result
as the visual comparison tests.

In the remainder of this brief position paper we will at-
tempt to make these ideas more concrete. First we will sum-
marize a range of material appearance observation tasks that
are commonly performed. Then we will review early work
in appearance evaluation that has been conducted within the
field of computer graphics. Finally, we will briefly intro-
duce an experiment in visual evaluation that is currently in
progress.

3. Material Appearance Observation Tasks

In addition to the design of new material appearances itself,
visual inspection plays a key role in many commercially im-
portant situations where computer graphic simulation can be
used in place of real physical samples. Examples include the
purchase of apparel and furniture, and the design of a new

building or a future automobile. In each of these cases, the
viewing and lighting conditions are different and the deci-
sion criteria are varied. The purpose of this section is to de-
scribe a few of these circumstances and, hopefully, to sug-
gest the uniqueness and complexity of each situation.

Material appearance evaluation can take place at a large
distance at an event like a runway fashion show or an au-
tomobile exhibition. The individual making the assessment
is typically part of a big crowd watching the show, and the
presentation often takes place on a stage under theatrical
lighting. The clothing, cars, or other new products are usu-
ally viewed one at a time and often the decision to be made
is whether to carry an item as a product in a store. Under
these circumstances the opportunity to adjust the viewing
and lighting conditions is limited, and the evaluation must
be made according to how the exhibitor has staged the affair.

Making an individual purchase in a store allows material
appearance evaluation to take place at much closer range.
This judgment is often made in the company of one or two
other people who may be asked to offer their opinions. The
objects being considered can be held at arm’s length in the
hand and repositioned with respect to the light source. The
illumination is standard commercial store lighting which
ranges from tightly focused spotlights to wide area flood-
lights and large fluorescent fixtures. Typically, two or three
items may be evaluated or compared at the same time. The
decision to be made is whether the item should be acquired
for the shopper, their family members, or their friends.

Industrial, interior, apparel, and architectural designers
must evaluate the appearance of materials that they plan
to include as part of their products and buildings. Exam-
ples of these visually important components include garment
fabrics, wall paint, decorative tiles, upholstery cloth, plastic
laminates, and metal trim. Initial decisions about what ma-
terials to employ are usually made by an individual in a de-
sign studio but opinions from other decision makers may be
offered later during a critique. Small material samples are
often used to make the selection and they may be spread
out throughout the design space. Typical office lighting is
used to illuminate the samples but large windows and sky-
lights may be present in a design studio. Decision criteria
include appearance matches between disparate materials and
the overall color harmony between constituent parts.

Material appearance evaluation becomes more critical as
a product design is finalized and once it enters the manu-
facturing process. Often the question being asked is whether
the fabricated example matches a standard sample. To make
these comparisons a controlled viewing environment, such
as a light booth, is often employed. A light booth is a small
enclosure with one open side and a fluorescent fixture in the
ceiling. The acceptance or rejection decisions are made by
a single individual or by two people standing side by side.
The samples may be held in the hand, placed on the floor of
the booth, or displayed on an easel. In addition to being per-
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formed by designers, evaluations are also done by chemists
and engineers who fabricate the materials.

4. Previous Work

There have been attempts in computer graphics to demon-
strate, through visual experiments, that simulations can be
used as substitutes for reality. Meyer et al. used the newly
developed radiosity method in 1986 to set up a side by
side comparison between a simulation and a real scene, and
they found that most people could not identify which was
which [MRC∗86]. Drago and Myskowski did a similar ex-
periment with a more complex environment [DM01] but did
not get as compelling of a result. McNamara extended these
initial efforts dramatically [McN06]. She used judgments of
lightness to demonstrate perceptual equivalence between the
real and the simulated scene. Recently Borg et al. [BJTK12]
developed an experiment to perform another “Turing Test”
between a model and picture of the model viewed under
similar restrictions. Their results appear to be similar to
those that Meyer et al. obtained using a simple environment.
Shortly after Meyer et al. did their experiment, Booth and
Cowan [BBC∗87] pointed out that it was important to de-
fine a task that was to be performed when determining if the
level of realism was appropriate. They showed that at high
image resolution the amount of anti-aliasing does not have
an effect on how well the subject can determine the orienta-
tion of a figure, while at lower resolution, anti-aliasing does
improve the subject’s results. Ferwerda [Fer03] refers to this
as functional realism and it is the approach that is being ad-
vocated in this workshop paper.

5. Example Visual Comparison Test

To provide an example of the type of visual comparison
test that should be performed to validate material appear-
ance simulations, this section introduces an experiment that
is currently in progress. A complete summary of the issues
considered in designing this test will be presented so that
the scope and limitations of this type of verification proce-
dure can be better appreciated. However, the final methodol-
ogy employed and the results obtained will not be discussed.
When it is finished, the entire experiment and its outcome
will be documented in a separate publication.

Automotive paint is the material appearance simulation
problem involved in this particular visual comparison study.
In the design and production of a new car, paint sample com-
parisons are made by a variety of different individuals, in-
cluding paint company stylists who create new paint colors,
automotive color and trim designers who pick the paint color
for the car, and paint engineers who must figure out how to
apply the paint and make sure that it lasts for the lifetime
of the car. Visual inspection of car paint is complicated be-
cause it must take into account the variation of the color with
reflectance angle (the travel of the color), the textural appear-
ance and glints from the flakes in the paint, and even surface

Figure 1: Computer graphic rendering of a simple light
booth. Sample is placed on a fixed easel under on overhead
light source.

artifacts, such as orange peel, due to spray gun application.
All of these factors make visual paint inspection a time con-
suming process that extends the length of the automotive de-
sign cycle.

There are a number of factors to consider when design-
ing visual comparison tests to evaluate the material appear-
ance simulation of automotive paint. Because of the com-
plex reflectance properties of car paint, the most important
consideration is the viewing circumstance to be employed.
While simple light booths are often used when inspecting
real paint samples (Figure 1), it may be better to employ
a more specialized booth that keeps the lighting direction
constant while allowing the viewing direction to be adjusted
(Figure 2). The selection of the monitor on which to dis-
play the simulation is important, and must account for the
dynamic range and calibration of the device. Finally, putting
the viewing circumstances for the light booth and the moni-
tor on an equal footing is an important consideration. Factors
that must be taken into account include eye point position
and viewing distance relative to the light booth and the mon-
itor, and whether a binocular or monocular comparison is to
be made.

It is necessary to design an experiment with human sub-
jects to demonstrate that visual comparisons made using the
car paint simulations are equivalent to those performed using
real paint samples. If it can be shown that people make the
same decisions when looking at computer graphic render-
ings, this result validates the material appearance simulation
and suggests that color appearance decisions currently made
with real samples could be replaced by tests performed with
simulations. Given a set of real paint samples, a task must
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be performed with the samples in the real light booth and
then the task should be repeated using the computer graphic
simulation displayed on the monitor. The task could be as
simple as making comparisons between paint samples and
determining whether they match. If the same results are ob-
tained when the task is performed using the material appear-
ance simulation then this result can be taken as evidence of
the equivalence between the real and simulated paint sam-
ples.

6. Conclusions

If material appearance modeling is to achieve its potential
to assist designers in the creation of new products and to
help consumers in the purchase of the resulting commodi-
ties, the research must acknowledge the importance of the
end user and visual comparison testing should be done to
validate the effectiveness of the resulting simulations. For
practical and cultural reasons, visual inspection of material
samples still plays a major role in the color appearance de-
sign of new products. Visual comparison testing is therefore
necessary for any computer aided color appearance design
tool to gain acceptance in this environment. Shopping for
objects that have important material appearance properties
also involves careful visual examination of the product un-

Figure 2: Simulation of a light booth with an adjustable
easel. The light source direction remains constant with re-
spect to the sample as the viewing angle changes.

der complex lighting and viewing conditions. Visual com-
parison testing is again required to determine if people make
the same material appearance decisions when using a simu-
lation. Both of these situations have aspects of a user inter-
face problem, and a successful outcome depends on closing
the loop and performing tests with human subjects.
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