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Abstract
Wood is more than a material with technical characteristics. It is a material with aesthetic qualities and is the object of subjective

appraisal. Today, it is common to use computers to show how a room orproduct will look when it is produced. In communicating the
aesthetic properties of wood in such cases, the ways people experience wood are of interest, as are what is important to focus on and
what is best avoided. The objective of this study was to explore and gather descriptions of computer-visualized wood interiors through
qualitative interviews. The Grounded Theory method was used to get a map of what people react to in such images. The principle is to
sort data into groups consisting of aspects of a certain property. Eighteen pictures were used in a two-by-two comparison study.
Twenty-one persons were interviewed for about 20 minutes each. The results indicate that good visualization of wood should avoid er-
roneous details, repetitive patterns and lighting, or shadowing errors. Another result is recognition ofthe difference between seeing
and describing. It was hard for respondents to separate what they liked/disliked from what they understood. Most respondents also re-
acted more to how the wood in the pictures handled shades and colors than to its textures. This could mean that photorealism is no
guarantee for getting acceptance for the picture, hi addition, more important than high resolution is for wood to be part ofthe whole
picture and not stand out or appear more processed than the surroundings.

Woood is more than a material of
technical characteristics to be weighed,
measured, and calculated. Wood is a ma-
terial with aesthetic qualities, biological
variations, and different appearances de-
pendent on wood species and surface
treatment (paint, varnish, oil).

It is when wood is used in products
where the wood texture is visible that the
highest price per eubie meter can be ob-
tained (Wiklund 1992). But in the wood
products chain, it is common that know-
ledge of the preferences of the end
customers is poor, especially concerning
the aesthetic features of wood (Marchal
and Mothe 1994, Hansen and Bush
1996, Swearingen et al. 1998, Hansen
and Weinfurter 1999). The industry
must become better at communicating
about wood and its advantages and dis-

advantages throughout the wood pro-
cessing ehain (from forestry to housing
and recycling). This communication is
what we will cal! "wood communica-
tion."

The overall goal for the wood industry
is to reach new customers and to keep
existing ones. Wood, like most other ma-
terials, must become a smart material,
easier to use for professionals as well as
nonexperts. A computer might be a use-
ful tool to achieve this goal, and one as-
pect of wood communication is com-
puter visualization. The efficacy and va-

lidity of using the computer for visual-
ization is well known and has been doc-
umented by Sheppard (2000), among
others. It has become more common to
use computer-generated images to show
how a room or a product will look when
produced. To communicate the essence
of wood (the soft or qualitative fea-
tures, such as visual, tactile, and "men-
tal" qualities of wood), expressed and
visualized by a computer, is both an in-
teresting opportunity and a challenge
because ofthe medium's limited means
of communication. Vital knowledge is
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missing about what factors are impor-
tant when vistializing wood interiors.

The overall aim of this study was to
study how humans react to and perceive
computer visualizations of wood. If it is
possible to discover what people react to
and how they describe it, it should be
possible to know {or study) which fac-
tors should be given extra consideration
in computer visualizations of wood.

Objective
The objective of this study was to ex-

plore and gather descriptions of the re-
spondents' reactions when looking at
eomputer-visual ized wood interiors. The
purpose was also to screen for factors
that are of importance when visualizing
wood. Henceforth, "the respondents" are
here understood as the particular sample
of people that were chosen for these in-
terviews.

Previous work
Work concerning wood and visual im-

pressions is presented in articles by
Broman (1995a. 1995b). which contain
qualitative interviews, but focus on meth-
ods of interrogation. Broman (1995b)
also investigated people's attitudes to-
wards wood and showed that it is possi-
ble to draw adequate conclusions about
real, live wood experiences with com-
puter experiments. In comparison to
Broman (1995a). the study described
here is more oriented toward concep-
tions about computer-visualized wood
interiors. Architectural scientific dis-
cussions regarding "experiencing
beauty" are nothing new. Considerahle
work has heen done {Rasmussen 1962.
Hesselgren 1987) and is still being done.
A study about the perceived color of
paint (Frideli Antcr 2000) is an interest-
ing example, but is directed more to-
wards color and painted facades.

The entire field of digital picturing
and scientific visualization (Cox 1990)
is maturing. Substantial advances in
computer capabilities and improvements
in graphics software have made vi.sual-
ization easier and more accurate, but the
research is still somewhat limited {Dan-
iel and Meitner 2001). although some
results can be found in the literature. Re-
sults indicate that aspects of computer
visualization, e.g., resolution and color
fidelity, may significantly affect observ-
ers" perceptions, understanding, and
Judgments. For example, some features
of visualization are known to aftect at-
tention and interpretation and to arouse

positive and/or negative emotions
(Mitchell 1983, Broudy 1987, Cox
1990). However, these studies deal with
visualization in general or visualization
of trees, not of wood and/or wood interi-
ors. Attempts to compare most of to-
day's architectural ways of visualizing
wood (model, sketch, computer image,
watereolor painting, etc.) were made by
Persson(2001).

Scope and limitations
This is not a study of wood as a mate-

rial nor of computer visualization in
general. This study concerns the quali-
ties of wood when wood interiors are
computer-visualized. In other words,
wood is not considered in an isolated
manner, but within a context. Nonvisual
qualities such as tactile and sound quali-
ties are not included. Obviously, many
of wood's competitive advantages will
be missing in such a visualization. This
study deals with the general problems of
computer visualization to the extent that
they apply to the experience of interior
wood. Other aspects of computer visual-
ization have not been sttidied.

Materials and methods

Theory
To learn more about a phenomenon

than quantitative data can provide {what
we can measure, weigh, and scan), it is
necessary to use qualitative methods,
such as the Grounded Theory (Glaser
and Strauss 1968). The idea behind the
Grounded Theory paradigm and most
other qualitative research theories is not
to generate generalizabte statistics, but
to investigate and understand a phenom-
enon and to generate theory from data.
Here, the Grounded Theory is used to
make a map of an unexplored new land-
scape by dividing a phenomenon into
categories, properties, and aspects.

The pictures
Eighteen pictures of interior sur-

roundings {examples in Figs. I to 3)
with visible wood elements were com-
puter-generated. To avoid biased results
and to avoid a situation where the re-
searcher is measuring responses to his
own pictures, six originals were col-
lected from outside sources such as
CAD companies and architects. Each
original was varied so as to obtain three
versions of each picture with wide varia-
tions in light, shadows, color, contrast,
etc. For example, one picture had higher
contrast, another had brighter material.

and a third had no shadows. A system
was prepared on a laptop computer for
viewing the pictures two at a time for
comparison in pairs. The two-by-two
comparison strategy was used to provoke
opinions where respondents first have to
choose and then also motivate their
choice (Silverstein and Farrell 2001).

The Interviews
The interviews took place at the Cen-

tral Station and the City Terminal in
Stockholm, Sweden, during a week in
June 2002. These locations were chosen
in order to get as broad a random selec-
tion of respondents as possible (age 20
to 70, both genders, varied education,
style, origin, and interests), all in accor-
dance with the Grounded Theory
(Glaser and Strauss 1968, Miles and
Hubennan 1994). Except for gender and
age, no background data were noted,
since this sample was not intended for
quantifying the importance of the wood
aspects. The study aimed at exploring
and gathering possible aspects (like
color, light, contrast) that may be of im-
portance when visualizing wood interi-
ors. The time necessary for the inter-
view was about 20 minutes.

Twenty-one persons were interviewed
all in Swedish. Eighteen of the respon-
dents, nine from each gender, completed
the interview and these were used in this
study In order to influence the respon-
dents as little as possible, the wording of
the questions was deliberately kept
vague, although the purpose of the ques-
tions was precise. After a short introduc-
tion to the study, only one main question
was used to evoke responses from the re-
spondents. This question was; Which
picture do you think is "better?" Ini-
tially, no further explanation was pro-
vided. No mention of the wood itself
was made in the main question (al-
though the pictures were dominated by
wood objects). This was done to avoid
directing the respondent to wood as the
subject. The comments about wood tex-
tures came tiaturally as part of the de-
scription of the pictures. Supporting
questions, used when needed consisted
of expressions like these: "And why do
you think this picture is better?" "Is
better the same as more natural?" "Is the
difference obvious?"

According to the Grounded Theory
paradigm, the collection of data is ended
when the answers stop presenting much
new data {Glaser and Strauss 1968). Af-
ter 18 persons, not very many new words
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Figure 1. — Examples of interview pictures. Many respondents preferred colors more intense than normal wood.

Y2 V3

Figure 2. — Examples of interview pictures. Light and a sense of welcome were important for the respondents.

higure 3. — Examples of interview pictures. Shadows and knots were important for the respondents.
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Ptienomenon Category Property

Experiencing
camputer-
viualJzed
wooden
interiors

Apparisal Opinion

Taste

Reaiity Materiai

Reaiism

Ciarity

Entirety Oetaii error

Harmony

Spirit Light

Contrast

Colour

Life

Warmth

Aspect (exampte)

• "opticai iilusion", "iike a hospital"

• "awesome", "i like pine"

"like concrete", "old wood"

"artificial", "feels naturai"

. "visibie knots", "legible detaiis"

• "pattern", "flying lamp"

• "fits", "washed out"

"dimmed", "shadows"

• "contrasts"

• "clear colours", "too red"

• "alive", "stiff"

• "warm", "colder'

Figure 4.—Experiencing computer-visualized wood interiors. Sorted descriptions.

and descriptions were used and the
amount of data was sufficiently stable to
map the expressions. To be sure, three
more interviews were conducted. The
interviews were recorded on a minidisc
recorder; supporting notes were also
taken on paper. About 6 hours of inter-
views were recorded, which resulted in
about 15,000 characters of transcription.

Data processing

In order to produce meaningflil re-
sults, the data must be summarized. The
principle (Miles and Huberman 1994) is
to group data into different categories
and properties, i.e., to sort the explained
data into different groups, each consist-
ing of aspects of a certain property (Fig.
4). The goal is to find a small number of
categories and then a number of proper-
ties, which allows each data point to be
transferred to one of them, i.e.. consti-
tute an aspect of one of the properties. In
this final phase, it is important to con-
centrate the data into categories and pro-
perties that together explain something
about the examined phenomenon. The
subject of the study was "Experiencing
Computer- Visualized Wood Interiors,"
and this phenomenon was divided into
categories and properties. Each property
had several different aspects. (Fig. 4)

The parts of the 6-hour recorded inter-
view data that contained useful words

and phrases connected (even slightly) to
wood were transcribed exactly (about
300 different sentetices) and then thor-
oughly and systematically grouped and
regrouped into different categories ac-
cording to theory. Since the pictures were
dominated by wood most responses
also had a connection, even if vague, to
wood. This grouping and regrouping
continues until the researcher thinks the
map of expressions gives a fair picture
of the interviews. Naturally, this is sub-
jective, putting the researcher in control
of the data and the result.

Results
The result of a qualitative study is a

somewhat ordered map of aspects
(Miles and Huberman 1994).

After grouping and regrouping {to
give as complete a survey map as possi-
ble), four main categories were found
(Fig. 4). How people describe what they
see and react to can best be described
by four categories: Appraisal, Reality,
Entirety, and Spirit. These subjective
categories are simply a way for the re-
searcher to sort the data and could of
course be named something else.

The data within the category Ap-
praisal deals not so much with the de-
tails and the wood itself as with the re-
spondent's personal tastes and opinions.
This category was further sorted into the

properties Opinion and Taste. Opinion
contains judgments such as "optical iilu-
sion," "looks like a hospital," and "ev-
erything on a computer is unrealistic."
Taste is more concerned with judgments
like "delightful," "awesome." and
"kitchens should be bright." This cate-
gory. Appraisal, is too personal to be a
real part of this study and is noted for in-
formation purposes only.

The category Reality contains opin-
ions about how real and natural the pic-
tures seemed to the viewers. Since this is
more connected to the personal judg-
ments of the respondents than to physi-
cal objects in the pictures, the data in
the category Reality is highly subjective,
whereas the categories Entirety and
Spirit are less subjective (more oriented
towards objects contained within the
picture). Even so. Reality contains fea-
tures in wood such as knots. The prop-
erties here are Material. Realism, and
Clarity. Opinions like "imitation of
wood,'" "untreated wood" or "feels like
concrete" would come under the cate-
gory Material, whereas "like a drawing,"
"strange," or "like expected" fit under
Realism, and "knots and stuff are visi-
ble," "legible details," and "more of the
structure" come under Clarity. Alto-
gether, the properties in the category Re-
ality have significance when the viewer
is interested in details and in the material
itself

Entirety and Spirit are of great interest
in this study, since they are more easily
connected to details in the pictures and
with opinions such as "dimmed" or "dis-
turbing detail." The.se categories contain
factors that afiect the whole, compre-
hensive picture.

The category Entirety contains two
properties; Harmony {"light balance."
"washed out," and "calmer") and Detail
error (a repetitive pattern or a lamp with-
out cord that appears to be flying). En-
tirety shows that a single erroneous de-
tail can ruin the whole picture. The
tolerance for this was very low among
all respondents.

The interviews showed that the fea-
tures within the category Spirit are deci-
sive for the understanding of wood.
Spirit contains properties such as Light,
Contrast, Color, Eife, and Wannth. In
the Light category, people noted charac-
teristics such as "dimmed" "dazzling,"
or "the shadows are gone," but also
commented on the actual lighmcss/dark-
ness in the material. In Contrast, they -
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Lighting

Spirit U—j Light
Warmth

Colour
Contrast

Life

Figure 5. — Interacting properties with-
in the category Spirit.

naturally - talked about "contrasts," i.e.,
color and light contrasts in the pictures.
Color contains such aspects as "clear
colors." "pale," or "matching colors"
and Warmth contains such aspects as
"cooled" "too cold" "warm," etc. Life is
the property dealing with presence; it
holds diffuse feelings such as "alive,"
"stiff," etc. This is just one way to look
at the category Spirit; the data are of
course interlinked and interactive {Fig.
5). Within the category Spirit is also the
"diffuse light" that could be considered
as "how the light is reflected by the sur-
face structure." This aspect may require
further investigation.

Another result was the difference be-
tween what people saw and how they de-
scribed it. Usually the respondents saw
one erroneous thing and described the
whole picture in terms of that, even
though the opposite also occurred. It
was hard for the respondents to separate
sensory impression from comprehen-
sion, i.e., what they liked'disliked and
what they understood. The tenn "under-
stand" here stands for understanding
what the respondent sees in the picture,
the perspective, the furniture, and the
material, etc.

Some respondents - regardless of age
and sex - tended to like wood that was
more wood than wood is, i.e., hyper-
realistic, in brighter eolors and higher
contrast.s than real wood. Others, on the
other hand did not. Such variations in
opinion are a natural element when re-
searching subjective descriptions.

Photorealism {looking like a photo-
graph) seems to be no guarantee for ac-
ceptance of a picture. Sometimes the re-
spondents claimed that they liked one
picture better, but understood the other
one better.

Discussion

Limitations
To study a phenomenon as complex

as computer visualization of wood
might be considered too much. On the

other hand the only way to study wood
within its context is to present it within
its context. However, previous attempts
{Persson 2001) showed that not limiting
it to only computer-generated pictures
would have made the study task im-
mense. Eor example, although the judg-
ments in the category Appraisal that
concern associations {"looks like a hos-
pital") are interesting, they have not
been ftirther investigated in this study,
since they are difficult to use for the pur-
poses of the study.

Interpretations/implications
The researcher has ultimate control

over the answers by choosing which pic-
tures are to be discussed. That is, if he or
she chooses a picture with a lighting er-
ror, he of̂ en gets the answer "light."
Therefore, awareness of this problem is
important. This risk was found during
pretesting of the pictures and could
therefore be managed. The pretesting
also showed that the free form of the
interviews gave the desired result. Since
the researcher also interprets the an-
swers, he or she has a double responsi-
bility. This is, however, also an advan-
tage, as the researcher is in control of the
material.

Importance
The results conformed to common

sense and were not unexpected even if
they sometimes pointed in different di-
rections. This is normal, of course, when
researching subjective phenomena. Eac-
tors outside the nature of wood itself
greatly affect our experience of wood. It
is hard to draw a distinct line between
the appearance of the wood interiors and
attitudes relating to other phenomena
that influence the pictures. Light, shad-
ows, and colors all interact to provide us
with a complete picture; therefore, they
also influence how we understand wood.
However, wood normally exists in a con-
text, which is why an isolated wood
study probably would not have given a
better map of descriptions.

This result is a roadmap for further re-
search, but it also gives an idea of what
should be avoided when using comput-
ers for visualizing wood interiors.

Conclusions
Experiencing wood is a quite complex

affair. A number of factors {look, feel,
smell) cooperate in giving us the im-
pressions we get ("I miss feeling the
structure and warmth, wood doesn't

work on a computer screen"). Wood is a
great deal more multimedia than what a
computer can handle. Although no sin-
gle factor that divided the answers into
two logical groups was found there are
still many findings that are of interest,
both for further research on the experi-
ence of wood and for visualization in
general.

The results of this study indicate that
to produce a picture that most people
would accept, the person visualizing
wood will have to carefully avoid dis-
turbing the whole with single erroneous
details, repetitive patterns and lighting,
or shadowing errors. The natural wood
pattern reveals any attempt to falsify it.
In addition, more important than high
resolution is for wood to be part of the
whole picture and not stand out or ap-
pear more processed than the surround-
ings. When it cotnes to experiencing
wood the biggest bias is perhaps that it
is very hard for viewers to differentiate
between what they tinderstand from the
picture and what they like in it. This
means that it might be easier to under-
stand what kind of wood the picture is
supposed to communicate and how it
looks in one picture, but because of other
factors, such as the aspects in the cate-
gory Spirit and the picture composition,
it might be easier to like another picture.
This is, of course, something to consider
when visualizing wood: "is this a selling
picture or an infonnative picture?"

Furthermore, the researcher has a great
responsibility to interpret the words the
viewers use to try to describe their expe-
riences. Knowing this, it is important to
discuss the validity of the results with
other researchers.

This study indicates that computer vi-
sualization can't encompass the whole
of the experience of wood. For instance,
how do we communicate the slightly
softer echo from walking on a wood
floor? And finally, we must not forget
that we ean't really visualize wood in
computers; visualization is something
that takes place within each viewer's head.
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