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ABSTRACT 

Wood is a material with many faces. It evokes feelings in us that no artificial 
material can do. Wood has inherent aesthetic features which, rightly used, give 
the final product competitive advantage over other materials. 

In this thesis people's feelings and preferences for Scots pine (Pinus sylvestris) 
wood surfaces have been examined. It comprises a qualitative study of what 
people see and evaluate in wood and two separate investigations aiming at 
quantifying people's preferences for wood. Those two investigations were 
analysed by multivariate techniques. 

The results show that people prefer different blends of wood features. There 
are two qualitative differences that are of importance for people's impression 
and valuation of wood: The overall blending of wood features and divergent 
features that mismatch in a surface. It was found that divergent features are 
more important than the overall mixture of features. But if there are no defects 
that mismatch, the overall mixture will then be the key to a person's 
appreciation of a wood surface. Other results from the qualitative study are a 
map of wood features that people see and a description of the phenomenon 
Attitudes Toward Wood divided into properties and aspects. 

The quantitative studies show that it is possible to measure people's attitudes 
toward wood by a questionnaire technique. The results also show that there are 
differences in people's judgements for surfaces with knots and without knots 
and that there are about 10 questions needed for detecting people's preferences 
for wood. A wood surface that people prefer should have at least one of the 
following characteristics: 

- Have a fresh look 
- Be in harmony 
- Be interesting to look at 
- Be elegant 
- Be exciting to look at 

- Be restful 
- Have an eventful look 
- Not look like an imitation 
- Be imaginative 
- Not be gaudy 

Two interviewing methods were compared. The first method used wood 
surfaces and the second used computer images with the same wood surfaces 
applied to an example product, a kitchen cabinet. The result shows that the two 
methods are comparable and useful. 

Keywords: wood, attitudes, Scots pine, interviewing techniques, multivariate 
analysis. 
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1 INTRODUCTION 

1.1 Background 

Wood has inherent aesthetic features which can give the final product 
competitive advantage over other materials. It is therefore important for wood 

manufacturing industries to take advantage of those features of wood that have 

great influence on customers' choice of product. It is the final consumer's 

willingness to buy a product that is the motive power for the whole production 
process. This applies to the production of wood products also. For a lot of 
wood products following parts of the production process can be detected: 

Payment 

Consumer 
Construction companies 

Joinery industry 
Sawmills 
Forestry 

Wood 
products 

   

In a product chain like this it is very common that the knowledge about the 
demands of the final customers is poor. This will often lead to sub optimization 
of the utilization of wood in the production process. There are several reasons 
for this. One is the lack of a joint language throughout the whole product chain 
which enables a correct description of the quality aspects in a product. Another 
very important factor is that the manufacturers cannot translate the features 

wanted into objective measurable parameters. To know which features are of 

importance the customers' attitudes and the price sensitivity of different wood 
features have to be investigated. 

A market study for a certain product often reveals people preferences, i.e. what 
they prefer, not the reason why they prefer a certain product. Research done in 
this area consists of investigations applied to specific products (for instance 
Mazet et. al. 1990 and Nakamura et. al. 1993) and often give a fractionated 

picture of what wood features people see and evaluate when purchasing a 
product with visible wood. This thesis presents what people see in a wood 
surface (Scots pine, Pinus sylvestris) and two methods for measuring people's 
preferences for different looks of wood. 
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1.2 	Objective 

The objective of the three papers presented was to create understanding about 
what people see in a wood surface and to show how this issue can be 
investigated and measured. Increased knowledge about people's preferences 

for wood can be implemented in research aimed at translating people's 
subjective preferences to objective parameters measured in a wood specimen 

(colour, knots, texture etc.). 
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2 	MATERIALS AND METHODS 

In the research process the three papers presented in this thesis are closely 
related to each other. The first investigation (paper I), a qualitative study of 
what people see and evaluate in a wood surface, built a platform for the other 

two investigations. 

With results from the first investigation it was possible to develop a relevant 

questionnaire which was tested in the second investigation. This quantitative 
study sorted out the most important questions from those of minor importance. 
No product example was given in order to separate the appearance of a wood 
surface from product influences. 

In the third investigation an improved questionnaire was used and people were 
asked to assess the look of different wood structures applied to an example 
product, a kitchen cabinet. In the same study two interviewing methods were 
compared. All three investigations were done with different people and at 
different places in Sweden. 

2.1 	A qualitative study 

To detect people's visual impressions of wood surfaces made in Scots pine, 
interviews were made in a carpentry shop using 27 different surfaces of solid 
wood panel with size about 0.7  x  1.5 metres. Wood surfaces were made with as 
much variation in wood appearance as possible. The purpose was to draw out 

feelings and to cover as many cases of the phenomenon as possible. The 
interviews were evaluated by a qualitative technique which has its theoretical 
foundation in Grounded Theory (Glaser et. al. 1967). The theory and the 
method used to summarize the data are described in paper I. 

2.2 	Screening of questions in a quantitative study 

With the results from paper I as base, a questionnaire was developed and tested 
at  Skellefteå  Wood Festival in Sweden. The questionnaire contained questions 
about people's visual impressions and detailed questions about how people felt 

about different features in a wood surface. 16 wood surfaces of the 27 surfaces 

used in the first investigation were used for this study. The reason was to 
decrease the number of testsurfaces. The data were analysed by three 
multivariate techniques. A correlation analysis was carried out to detect simple 
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relationships between questions and wood features and a Principal Component 
(PC) analysis was done to view the more complex relations between variables 
(questions). Finally, to sort out important questions a Partial Least Square (PLS) 
analysis was made. The correlation and PC analysis were computed by a JMP 
program (SAS incorporation) and the PLS study by a SIMCA program 
developed by Umetri AB in Sweden (SIMCA-S , 1994). In paper II the materials 
and methods are described in detail. 

2.3 	Comparing two methods for measuring people's preferences for wood 

In the third study two methods for measuring people's preferences were 

compared and the interviews took place at a furniture exhibition in  Älvsjö,  
Sweden. An improved questionnaire was used for the two methods. The first 
method used wood surfaces and the second method used computer images 
when interviewing people about their preferences for different looks of wood 
applied to an example product, a kitchen cabinet. The wood surfaces were 
identical with those in paper II. The computer images showed a kitchen cabinet 

with the same wood surfaces used in method 1. To create the images for the 

second method a Macintosh program, Adobe photoshop, was used. The same 
program was used during the interviews. The statistical tools were the same as 

for paper II presented above. The methods are further described in paper M. 
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3 	RESULTS AND DISCUSSIONS 

Paper I presents a study of what  people see and evaluate in a Scots pine wood 

surface. The result is a map showing what features people see in wood and a 
description of properties and aspects of the phenomenon ATW (People's 

Attitudes Towards Wood). 

Interviews made clear that people prefer different blends of wood features. 
There are two qualitative differences that are of importance for people's 

impressions and valuations of wood. First there is the Dverall blending  of wood 

features and second, the presence or absence of divergent features  that mismatch 

in the surface. The latter factor can be divided into two; 

- Distinguishing natural  defects. 

- Technical  defects made by machine or the carpenter. 

It was found that divergent features are more important than the overall 

mixture of features. But if there are no defects that mismatch, the overall 
mixture will then be the key to a person's appreciation of a wood surface. 

In paper II the results from the first paper were used to create a questionnaire 
for measuring people's preferences for different looks of wood. The study 
shows that it is possible to measure people's feelings for different looks of 
wood surfaces quantitatively by questionnaire technique. The results show that 
there are differences in people's judgements for surfaces with knots and without 

knots. The results also show that there are about 10 questions needed to detect 

people's preferences for a wood surface. 

To comment on the most relevant questions I conclude that it is important that 
wood surfaces should stimulate people's interest and be fresh looking. A clear 
surface is naturally rather harmonious, elegant and easy to look at. Therefore 
those properties are not so important for measuring people's preferences for a 

clear surface. On the other hand a clear surface should be stimulating to look 
at, be exciting and it should not look like an imitation. Knotty surfaces usually 

are less harmonious. Therefore question about harmony, easiness to look at and 
balance are of importance. Just as for clear surfaces, a knotty surface should 
also stimulate people's interest, have a fresh look, be exciting and stimulating 
to look at. 
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In paper II we see that for clear surfaces the question about whether a surface 
appears warm or cold is significant. Nakamura et. al. (1994) found when 
comparing colour specimens (images) of wood structures that the colour of a 
wood surface is important to whether a surface appears to be warm or cold. 

When trying to detect the relation between people's preferences and detailed 
questions about the mixture of wood features, the models were rather weak. I 

conclude that it is hard to force people to assign different wood features a 

certain rank. Classifying different wood features requires some training. Still, 
there is some valuable information. For knotty surfaces it is the blend of knot 
shapes, knot directions, knot colours and sizes that is important. Also the 
number and the distribution of knots is important for people's preferences. 

Nakamura et. al. (1994) also studied how visual patterns and colour variations 
affect people's impressions using images of wood and stones. They suggest that 

pattern anisotropy is one of the most important visual factors which influence 
the psychological images of "wood looking". Those results support the findings 
in paper II and III. Pattern anisotropy from my point of view may create an 
exciting surface which stimulates people's interest. The pattern anisotropy 
should also affect the balance in a surface. Too "much" of some wood feature, 
for instance colour variation, number of knots etc., may cause imbalance in a 
wood surface. Nakamura et. al. (1993) drew similar conclusions when they 

studied preferences for wood wall-panels. They showed that the smaller the 
knot ratio, the more "agreeable" a wall-panel becomes. (The knot ratio was an 
area fraction between knots and panel). 

For clear surfaces there was weak connection between people's preferences and 
questions about texture, colours etc. The only wood feature that was of 

importance was the question about whether the surface had a lively texture or 
not. Mazet et. al. (1990) showed, though, that difference in colour is an 

important factor for classification of oak veneers. Also lightness was a very 

appreciated characteristic for assessment by professionals. They conclude that 
it is possible to obtain some measured parameters which can objectively 
describe the qualities of the appearance of oak veneers. 

A comparison of two methods for measuring people's preferences for wood is 
presented in paper III. People were asked to assess different looks of wood 

applied to an example product, a kitchen cabinet. Method 1 used wood surfaces 
and method 2 used computer images of the same wood surfaces used in 

6 



method 1 but showing the structures in an authentic environment. The results 
show that the two methods used are comparable and useful. 

Among the most important questions there are questions or groups of 

questions that describe different properties of ATW. One group examines 
whether a surface is Interesting, Exciting, Imaginative or Eventful and the 

second group examines whether a surface is Harmonious, Elegant, Restful and, 
to a lesser degree, Gaudy. Similar results were found in the second study and 
presented in paper II. I conclude that the first group of questions concerns the 
amount of liveliness in a wood surface and the second group concerns the 
amount of balance in a wood surface. This idea came out of the first 
investigation (paper I). Two other separate questions that are significant for 

people's preferences are if a wood surface has a fresh look and if it looks 

artificial or not. 

Comparing the two methods, wood surfaces and computer images, the model 
for wood surfaces was slightly stronger but there were no major differences. 
My impression from the study at the furniture exhibition is that both methods 
have their advantages/disadvantages. When using wood surfaces the 
interviewed person can really see the wood but it can be hard to imagine the 
look of the final product. When using computer images to interview people the 
situation is the opposite. Here the person can see the look of the wood in a 
product but he or she can not see the wood features in detail. I conclude that 
method 2, computer images, is more practical to use compared to method 1, 
wood surfaces. 

Multivariate methods used give robust models. The greatest advantages are 
that irrelevant variables can be sorted out and that the bias in the data can be 
excluded from the modelling process. The two investigations presented in 
paper II and  ffi  were carried out at two different places in Sweden and with 
different people. To my satisfaction the analyses show similar results and 

therefore I conclude that the interviewing techniques presented in paper III 

cover the most common properties and aspects of people's attitudes towards 
wood. 

In analysing people's backgrounds (paper III) there was no relation found 
between age and people's preferences for different looks of wood. There was 
also no relation between a person's experience with wood and what he or she 
prefers. The results also show that people interviewed at the furniture 
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exhibition have higher preference for knotty wood surfaces than for clear wood 

surfaces. 

3.1 	Limitations 

The wood material used in the three investigations only comprised softwood, 
namely Scots pine (Pinus sylvestris) and all three investigations took place in 

Sweden. This lack in the research design may not be so critical as the objective 

was to develop an interviewing technique for measuring people's preferences 

towards wood. 

Generalising the results of people's preferences presented in this thesis is not 
valid. The more interesting issue is whether it is possible to use similar 
questions and interviewing techniques applied to other wood species, products 
and people. All value words used in the questionnaire emanate from deep 

interviews with people with different backgrounds (paper I). Thus the 

questions used are not solely created by the author and they cover the most 

common properties of people's attitudes toward wood. From my point of view 
I think the methods will work in other conditions and that the questions used 
are significant but can be improved further. 



4 CONCLUSIONS 

Features that people see and notice in a wood surface (figure 3, paper I) varys 
very little among people, though the evaluation and the visual impression of 
the mixture of wood features in a surface differ. From person to person the 

impression of sight is processed and the output, a synthesis of what they feel is 

presented. Interviews made clear that people prefer different blends of wood 

features.There are two qualitative differences that are of importance for 
people's impression and valuation of wood. First there is the overall blending of 

wood features and second, the presence or absence of divergent features  that 
mismatch in the surface. It was found that divergent features are more 
important than the overall mixture of features. But if there are no defects that 
mismatch, the overall mixture will then be the key to a person's appreciation of 
a wood surface. 
I conclude that a synthesis describing that a surface appears interesting, in 

harmony and warm, describes the reason for a persons preference for a wood 
surface. Value words coming from such synthesises can then be the key to the 

relationship between the mixture of wood features and people's preferences. 

There are differences in people's preferences for surfaces with knots and 
without knots and there are about 10 questions needed to detect people's 
preferences for a wood surface. It is important that a wood surface should 
stimulate people's interest and be fresh looking. A clear surface is naturally 
rather harmonious, elegant and easy to look at. Therefore those properties are 

not so important for measuring people's preferences for a clear surface. On the 

other hand a clear surface should be stimulating to look at, be exciting and it 
should not look like an imitation. Knotty surfaces usually are less harmonious. 

Therefore question about harmony, easiness to look at and balance are of 
importance. Just as for clear surfaces, a knotty surface should also stimulate 
people's interest, have a fresh look, be exciting to look at. 

Only weak connections between people's preferences and wood features were 
found. For knotty wood surfaces, though it was the blend of knot shapes, knot 

directions, knot colours and sizes that was significant. For clear surfaces the 

analysis pointed out the liveliness in the texture as an important feature. 

Two methods for measuring people's preferences for wood were studied. The 
analysis shows that using computer images showing different looks of wood 
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applied to a product will give the same result as using the real wood surfaces. 

To use computer images instead for wood surfaces is also more practical. 

In analysing people's background there was no relation found between age and 

people's preference for different looks of wood. I also conclude that there is no 

relation between a persons experience with wood and what he or she prefers. 

The results also show that people interviewed at the furniture exhibition have 

higher preference for knotty wood surfaces than for clear wood surfaces. 
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5 	FUTURE WORK 

How to measure people's preferences towards wood builds the first part in the 

project "Price sensitivity of wood features". The next step will be to investigate 

the connection between people's preferences and objectively measurable 
parameters, i.e. wood features. The research strategy will be to document the 
features in wood products by scanning techniques followed by interviews 
similar to those presented in this thesis. Then the connection between the 
mixture of wood features and people's preferences can be revealed and 

methods to detect this can be developed. If such methods can be developed 
then it will be possible to study how today's wood grading rules and price 

levels coincide with measured willingness to purchase. 

Using multivariate methods often results in models that are quite complicated 

and difficult to understand, this is often criticised. On the other hand we know 
that classification rules used in wood grading and inspection today are diffuse 
and lack clear definitions (Hagman, 1993). Variables that explain features and 
are shown to be important in the analysis make it possible to increase the 
knowledge about decision rules and thereby increase precision of both manual 
and automatic grading. 
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Visual impression of features in Scots pine wood surfaces: 
A qualitative study  

N. 0. Broman 
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Skellefteå  campus,  
Luleå  University of Technology  
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Abstract 

Wood has inherent aesthetic features which give the final product competitive advantage 
over other materials. The goal of this study was to describe and create understanding of 

people's feelings and attitudes toward wood in order to develop quantitative studies in the 

future. 

Ten persons with different backgrounds were interviewed regarding 27 wood surfaces 
made of Scots pine. Their impressions and feelings were documented and analyzed with a 

qualitative method. 

The result is a map describing what features people see in wood. Depending on the 
mixture of wood features the impression will differ. Interviews made clear that people 

prefer different blends of wood features. 
There are two qualitative differences that are of importance for people's impression and 

valuation of wood. First there is the overall blending  of wood features and second, if there 

are divergent features  that mismatch in the surface. The latter factor can be divided into two; 

- Distinguishing natural  defects. 

- Technical  defects made by machine or the carpenter. 

It was found that divergent features are more important than the overall mixture of 
features. But if there are no defects that mismatch, the overall mixture will then be the key 

to a person's appreciation of a wood surface. 

Wood features can be seen as input data for interpretation and valuation by a person and 
the impression of sight should be seen as output data from the valuation process. Input 
data are quite objective and can be measured automatically by scanning techniques. 

Interviews have to be used to measure the subjective output data. 

The results of this investigation point toward useful queries or measurements to be made 
in future qualitative or quantitative studies. 



1 Introduction 

"Quality is the totality of features and characteristics of a product or service that bear on its 

ability to satisfy stated or implied needs" (2). Thus a saleable product must have good 

functional attributes, be designed properly and possess some aesthetic features that attract 

customers. 

According to Garvin (9) today's customers are more sensitive to quality and more likely to 

direct their purchases accordingly. Garvin (8) also claims that companles compete in eight 

dimensions of quality, where "Aesthetics" is the dimension in which it is suitable for a 

company to create a niche. Products made of wood such as furniture, floors and kitchen 

cabinets must compete with other products and materials in a market that is more and 

more conscious of quality. It is therefore important for wood-manufacturing industries to 

take advantage of those features of wood that have great influence on customers' choice of 

product. 

Wood as a material has inherent aesthetic features which, rightly used, give the final 

product competitive advantage over other materials. It is therefore important not only to 

put emphasis on design, the manufacturers also have to sell wood by its aesthetic features. 

In general, people have certain feelings and attitudes toward wood. Attitudes are learned 

(4) and depending on how and to what extent a person has had experience with wood, his

or her attitude towards wood will vary. If person A and B both agree that the wood chosen

for a certain product is beautiful, the basis of valuation might still differ. Maybe they see a

different feature in the wood surface or maybe a certain feature is more important to one of

them.

Thus, people's feelings and attitudes toward wood (attitudes toward wood, ATW) are a 

phenomenon worth studying. It would be of great value to know what kind of features in 

wood are of greater importance in the customers' purchase decision and how much they 

are willing to pay for a certain quality. Manufacturers would then be able to control the 

manufacturing process in order to utilize the raw material in the best way. The question 

becomes how to investigate the degree of importance for different wood features, i.e. how 

to quantify values that are quite subjective. 

When trying to measure people's feelings or quantify subjective values, one has to know 

what qualities to quantify. To discover what subjective qualities are important a qualitative 



approach (5) is appropriate to choose and a rather simplistic example is - if you want to 
investigate dissimilarities between men and women, you'll have to know what qualities or 
similarities to quantify or measure. 

The goal of this qualitative study is to examine and describe the phenomenon ATW and to 
create a basis or starting point for further quantitative studies in the area. Discovering all 

inherent qualities of the phenomenon and creating theory will fortunately lead to better 
understanding of ATW. 

The result of the study is a map of categories, properties and aspects that describes what 
features people see in wood. This investigation is the first part in a major project entitled 
"Price sensitivity of wood features". 

1.1 	Objective and limitation 

The objective of this study was to document people's visual impression when they see 

different features in wood surfaces made of Scots pine. When documenting the pheno-
menon ATW it is vital to find qualitative differences and qualities that are typical (5). 

A limitation of this study is that the documentation of ATW only describes the 
phenomenon, it does not show how important each feature or property is. This will be 
studied further. 

2 Theory 

A qualitative method that fits the Grounded theory paradigm (10) was chosen to 
document ATW. The aim of such a method is to create understanding of a phenomenon 

and to build a theory. The result of such a method is a map containing all categories, 

properties and aspects of the phenomenon. Due to the nature of the problem, it was almost 

only sensory data (data transmitted via eyes, nose, ears, mouth and perception by touch) 
that were important and what those sensory data meant to people after processing it. 

Qualitative methods have become increasingly important modes of inquiry for the social 

sciences, which sometimes presents a confusing array of appropriate alternative research 
methods. Qualitative research, though, does not have the general acceptance that 

quantitative paradigms enjoy (13). Therefore a short discussion about the theory behind 
this investigation is needed. 



When studying a reality, a phenomenon, it is necessary to make some initial assumptions 
regarding our relationship to this reality and decide which approach to use when 
examining it. 
In this investigation the assumptions about the world surrounding us were similar to those 
of interpretivists described by for instance Anderson Hudson et al (1). Interpretivists say 
that "reality is essentially mental and percieved and individuals create devices, such as 
theories and categories, to help them make sense of their worlds" (3). People should be 

studied according to their own perspectives or frames of reference rather than from that of 

the researcher. Although it is impossible to see the world through the eyes of another, the 

researcher consciously tries to bracket personal beliefs and views. All perspectives are of 
interest in such an enterprise because the researcher is interested in describing multiple 
realities and does not believe that a single reality exists. For interpretivists, the primary 
goal of research is understanding behavior, not predicting it (15). People's attitudes toward 
wood, ATW, is a phenomenon studied with an interpretivistic approach. Trying to 
discover what people see in a wood surface, how they express what they see and think, all 
perspectives are of interest. Therefore very open questions are suitable to use and the 
wood surfaces should have great variation in quality. 

2.1 	The Grounded theory 

Glaser et al. (10) claim that theory in sociology is a strategy for handling data in research, 
providing modes of conceptualization for describing and explaining. 
Furthermore grounded theories are to be highly applicable to areas under study and when 
the aim of given research is to generate theory it is not so crucial to verify it. This is 

especially true because evidence and testing never destroys a theory, they only modify it. 

Generating theory goes hand in hand with verifying it and it involves a process of 
research. 

Accurate evidence is not so crucial for generating theory, the kind of evidence, as well as 

the number of cases is also not so crucial. A single case can indicate a general conceptual 
category or property; a few more cases can confirm the indication. The researcher's job is 
not to "know the whole field" or to have all the facts "from a careful random sample". His 
job is not to provide a perfect description of an area, but to develop a theory that accounts 
for much of the relevant behaviour. Grounded theory (10) can be presented either as a well 

codified set of proportions or in a theoretical discussion, using conceptual categories and 
their properties. There is a systematic relationship between these two elements of the 

theory. A category stands by itself as a conceptual element of a theory. A property, in turn, 



is a conceptual element of a category. Both categories and properties are concepts 
indicated by the data collected. The synthesis provides readily apparent connections 
between data and lower and higher level conceptual abstractions of categories and 

properties. 

When the researcher, as he jointly collects and analyzes qualitative data, starts out in a 
confused state of noting almost everything he sees because it seems significant, he begins 

to hypothesize with the explicit purpose of generating a theory. The researcher is then no 
longer a passive receiver of impressions but is drawn naturally into actively generating 

and verifying his hypotheses through comparison of data. When generating theory joint 
collection, coding, and analysis of data are the underlying operation. This generation 
requires that all three operations are done together as much as possible. The theory points 
out that instead of representative sampling a purposive or interactional sampling of cases 
is appropriate to use (7, 12). When the researcher jointly collects, codes, and analyzes his 

data he decides what data to collect next and where to find them, in order to develop his 
theory as it emerges. Beyond the decisions concerning initial collecting of data, further 

collection cannot be planned in advance of emerging theory. The researcher chooses any 
groups that will help generate, to the fullest extent, as many properties of the categories as 
possible (10). There are six types of purposive sampling identified by Patton (14) where the 
one used in this study is named maximum variation method. Here the aim is to document 

unique variations that have emerged in adapting to different conditions. Thus the 
interviewed people should have different background and the woodsurfaces should have 
as much variation in quality as possible. Maximum diversity in data quickly forces: 1. 
Dense developing of properties and categories; 2. Integrating of categories and properties; 
3. Delimiting scope of theory. The criterion for judging when to stop sampling is when no 
additional data are being found whereby the researcher can develop properties and 

categories of the phenomenon (10). 

Interaction between the investigator and respondents cannot be eliminated in qualitative 
investigations but instead of seeing this as an error one can see it as an opportunity to be 

exploited. The investigator is caught between two poles; one can have no facts without 
theory, and no conclusive theory without an infinite number of facts (12). The investigator 
must determine when an appropriate balance is reached such that the "facts" support the 

proposed (grounded) theory and the proposed theory does not overdetermine the facts. 
An intensive interaction between investigator and "object" is essential to formation of 
sound judgments. 



If the researcher, as in this investigation, wishes only to generate theoratical ideas - new 
categories and their properties, hypotheses and interrelated hypotheses - he cannot be 
confined to the practice of coding first and then analyzing the data since, in generating 
theory, he is constantly redesigning and reintegrating his theoretical notions as he reviews 
his material (10). This constant comparative method is not designed to guarantee that two 

analysts working indepenently with the same data will achieve the same results; it is 

designed to allow, with discipline, for some of the vagueness and flexibility that aid the 

creative generation of theory. The data will be coded just enough to generate, hence to 
suggest, theory. 

3 	Material and methods 

A total of 27 different surfaces of solid wood panel with size about 0.7  x  1.5 metres were 
produced for the study. Wood surfaces were made with as much variation in wood quality 

as possible, according to theory (10). The reason was to draw out feelings and to cover as 

many cases of the phenomenon as possible. The raw material, boards and planks had great 
variation in wood quality. Each wood surface was made of Scots pine (Pinus sylvestris). The 
surfaces were sanded but were given no other surface treatment. A sample of surfaces is 
shown in Figure 1. 

Figure 1. — Some wood surfaces used in the study. 



The study took place in a carpentry workshop and the interviewed person was shown one 
wood surface at a time. With each surface there were three questions. The person was 

asked to express: 

- The first visual impression. 
- Features that the person felt negative about. 
- Features that the person felt positive about. 

When the person felt or expressed something special, suitable supporting questions 
followed. For example -Would you please express why you feel this surface is very sharp 

and this one is rather soft. When all surfaces were shown, the person was asked to wait 
five minutes while all surfaces were placed together. Then all wood surfaces were shown 
at the same time and compared to see if there were still more feelings that hadn't been 
brought to light. Every interview was tape recorded. 

After each interview key words and interesting comments were documented. Related 

words expressing the same kind of feelings or values were then grouped together. The first 
three interviews were treated independently to avoid too strong of an influence from the 

first interviews. After each interview, the map describing the phenomenon ATW was 
altered and all interesting words were regrouped so as to build groups of words 
expressing a category, a property or an aspect of the phenomenon. Then the groups of 
words were labelled by the author with the aim of enabling understanding of the 
phenomenon. 

TABLE 1. The interviewed persons. 

Profession 5_21( Age Woodworking_ experience 
- Researcher female 36 yes 
- Architect female 29 no 
- Secretary female 45 no 
- Computer engineer male 34 no 
- Accountant female 39 no 
- Potter and artist male 39 no 
- Graduate student female 26 yes 
- Teacher female 58 no 
- Furniture designer male 66 yes 
- Building engineer male 39 yes 



The theory (5) points out that the investigator should try to find expressive or vivid 

persons able to make a good contribution to the investigation. The interviewed persons 

were selected one at a time by a purposive method (12). In order to cover a wide spectrum 

of characters, the interviewed people were of varied sex, education, profession, age and 

social background. See Table 1. The theory states that the investigation should continue as 

long as anything new is found. 

4 	Results 

Valuable words coming out of the interviews were written down and related words were 

grouped together. These words were grouped and regrouped after the interviews. Ten 

persons were interviewed and after the eighth person nothing new was found. In 

accordance with theory, no further interview was made. Thus the categories and 

properties of ATW were determined post priori with as few a priori assumptions as 

possible. 

Coloration 
-Brightness 
-Colour 
-Nuance 
-Pattern 

Contrasts 
-Knot/wood 
-Graining 
-Colour 
-Overall 

Texture 
-Spirit/ direction 
-Size 
-Variation/lustre 
-Pattern  

Knots 
-Amount 
--Quantity 
--Relative area 

-Knot pattern 
-Distribution 
-Appearance 
--Direction 
--Shape 
--Size 
--Colour 
--Brightness 
--Knot-Graining 

Other properties 
-Pitch wood 
-Pitch pockets 
-Checks 
-Etc. 

Figure 2. — Features that people see in wood. 



Exclusiveness 

What people see and evaluate in a wood surface could be described in two ways. One part 
is the actual wood features they see, shown in Figure 2, and the other part is more a 
synthesis of the visual impressions they describe in the interviews. This latter category of 
ATW is described by Figure 3. Peoples feelings (impressions) for a certain look of a wood 
surface are quite subjective and depend mostly on the mixture of wood features and 
personal factors. The interviews made it clear that people prefer different blends of wood 

features. 

Feeling 

soft 
firm 
sharp 
smooth 
even 

Spirit 	Nature 	Purity 	Temperature 

restful 	heavy 	clean 	warm 
uneasy 	nice 	dirty 	cold 
dead 	gloomy 
calm 	solid 
eventful 	dense 
alive 	trustworthy 
deep 	neutral 	 I 	 I 
vivacious strict 
dumb 	elegant 	

Value 	 Interest  

rigid 	robust 	 cheap 	 ordinary 
flamy 	variegated 	 expensive 	particular 
dotted 	uniform 	 trash 	 delicious 

jumbled 	 artificial 	audacity 
crude 	 imitation 	funny 
friendly 	 second 	boring 
beautiful 	 quality 	amusing 
cosy 	 exclusive 	sad 
homogenous 	 interesting 
infinite 	 strange 
rough 	 exciting 
cheerful 	 different 

Figure 3. — Six dimensions with aspects that describe people's impression of wood. 

4.1 	Impression of sight 

In Figure 3 each group of words seems to indicate a property or an aspect of the 
phenomenon ATW . The groups were titled according to the words included. The words 
beneath the titles are some of the valuable words mentioned in the interviews and can be 

seen as different aspects of each property. The interpretations that follow are the author's. 

They provide one picture of the data; there may be other ways of interpreting them. 
If a wood surface has depth, is eventful or alive then it has got Spirit. When a person says 
that a wood surface is elegant, trustworthy or maybe crude he assigns the object a Nature 



which expresses a synthesis of a number of factors. Clean and dirty tell us about the Purity 

and if red colour dominates, the piece of wood may appear to be warm (Temperature). 

Value and Interest tell us about the Exclusiveness , Feeling about the tactile feeling. 

4.2 	Features in wood 

This investigation also shows that when people look at a wood surface they see a mixture 
of five feature-properties: Texture, Knots, Coloration, Contrasts and Other properties, see 
Figure 2. These features are typical of wood and the amount and mixture of the different 

features play an important role in how a person experiences a piece of wood. These 
findings are a result of the interviews from which the author has drawn the following 
conclusions. 

Contrasts  
In wood, the eye of a person reacts to three kinds of contrasts. Between the knot and the 
background wood(Knot/Wood), between early wood and late wood (Graining) and if there 
are differences between heartwood and sapwood (Colour). The degree of the different 
contrasts will give the surface high or low Overall contrast. 

Texture  
Graining can both give rise to Spirit and Direction in a wood surface. These two factors 
ought to be opposites of each other. Much spirit in the wood surface often results in less 
direction. The graining can create small or large patterns (Size.). One additional aspect is if 
the graining causes very small regions with divergent Lustre or Variations. Pattern describes 
the way the carpenter has put the lamellas together to create a pattern. 

Knots  
The Amount of knots seems to have two aspects. First, if there are too many knots 
(Quantity) and second if there are few knots that are much too large (Relative area). Every 
knot give rise to a Knot pattern and the Distribution can be randomized or not. If knots are 
clustered the wood surface will probably not be in balance. The Appearance of knots has six 
subgroups. If knots are oval the carpenter can place the lamellas to create a Direction in the 
surface. Depending how the log was sawn knots will have different Shapes. The Size, Colour 
and Brightness are other characteristics of knots. If there is more or less Graining round the 
knots it will affect people's impression of the surface. 



Coloration 
Wood can have a lot of colours and the Brightness of a surface depends on the nature of 

Colours. Sapwood is yellow and heartwood is red and their changes cause Nuances. How 
the carpenter chooses to combine heart and sapwood lamellas gives a colour Pattern. 

Other properties  
Features that are not common such as pitch wood, pitch pockets, bark pockets, cross grain, 
checks etc. are sorted into this group. They are often crucial for people's judgement of a 

wood surface. 

4.3 	Qualitative differences 

If there are typical qualities, there ought to be qualitative differences which explain 
people's comments and valuation. This investigation points out two kinds of differences 

that seem to be of major importance. First, the overall blending of the five properties and 
second, if there are divergent features that mismatch in a surface. The latter factor can be 
divided into two; 

- a distinguishing natural defect in the wood surface or, 
- a technical defect caused by machine or the carpenter. 

For example, if there is an ugly knot in a wood surface or a lamella with divergent colour, 

it will catch the eye of a person and affect his opinion. The study indicates that divergent 
features, defects, are more important than the overall mixture of features for people's 

impressions. On the other hand if there are no defects that mismatch, the overall mixture 
will then be the key to how much a person likes a wood surface. 

The relation between people's impressions and the mixture of wood features has not been 
investigated. 
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5 	Discussion and future work 

When a person looks at a wood surface he sees a mixture of wood features. Before he feels 

something, the information has to be processed by the brain which then supplies a feeling, 

opinion or maybe an association toward the surface. According to Engel et al (6) several 

personal factors are involved during this processing of sensory data, see Figure 4. 

ATTITUDES 

Figure 4. —Individual differences. 

Depending on attitudes, personality and so on, the person will express his feelings for the 

wood surface with a word explaining (related to) his impression, see Figure 3. According 

to the data, if the mixture of features shown in Figure 2 is balanced and if the mixture suits 

the person then the impression will be positive when he sees the wood surface. But even if 

the right overall mixture of wood properties is chosen, it seems that divergent features are 

crucial for people's impressions of a wood surface. How strong different features are and 

what are the most critical divergent features affecting people's attitudes toward wood 

should be studied further. 

Words coming out of the interviews and the six properties of the category visual 

impressions may create a base when trying to measure things by a quantitative approach. 

Questions arise about which properties or aspects are most important for people, judging 

the look of a wood surface and the connections between the mixture of wood features and 

peoples visual impression. Unable to control all variables (the mixture of wood features 



and the people interviewed) a multivariate statistical approach may be one possible 
methodology to use. Before such an analysis can be done the categories, properties and 
aspects found have to be operationalized. This will be the aim of further research. 

When trying to measure people's feelings and attitudes to wood I conclude that the wood 
features can be seen as input data for interpretation and valuation by a person. On the 
other hand his or her visual impression of the wood surface should be seen as a kind of 

output data from the valuation process. The input data are quite objective and therefore 
can be measured automatically by scanning techniques but to measure the subjective 

output data interviews of a different kind have to be used. 

Limitations  
Breaking down the phenomenon ATW to underlying categories, properties and aspects is 

meaningful and the result is easy to understand. Still it is important to state that the 
phenomenon (ATW) shows in every property and aspect but the properties and aspects 

found do not give rise to the phenomenon (5). Thus, the phenomenon ATW shows in the 
six properties (spirit, nature purity etc.) but you could not build up the phenomenon by a 
certain amount of spirit, nature, purity, exclusiveness etc. Qualitative research creates 
understanding of a phenomenon but its results should not be used for prediction. 

This investigation tries to understand and translate a lot of sensory data. Using a 
qualitative method in research demands good interaction between the researcher and the 

subject. It is also vital for the dialog between the researcher and the respondent that the 

researcher understands what a particular sensory datum means to the respondent. For 
example; red colour associates with warmth. Therefore it is important that the researcher 

fully understands the language and expressions used by the respondent. 

The author's interpretations of the interviews provide one picture of the data and there 
may be other ways of interpretating them. The interviews have concentrated on visible 

properties of wood. No product, function of the wood surfaces or price has been 

incorporated into the study. 

The results of this study can't be generalized to hold for the whole world. Since it is a 

qualitative study without statistics there are actually no statistical arguments against 
generalizing but there are other arguments against generalizing. When generalizing or 
studying its external validity I can only refer to the original framework presented in this 
study, how the data collection was done and how the analysis was made. Then readers of 
this article can determine to what extent the cases described can be generalized. The 



validity (the degree to which the findings are interpreted in a correct way) is of course 
partly dependent on the researcher's interpretation of the data coming out of interviews. 
"In the case of qualitative observations, the issue of validity is not a matter of 
methodological hair-splitting about the fifth decimal point, but a question of whether the 

researcher sees what he or she thinks he or she sees" (11). 
All interviews were tape recorded and the analysis was done after the interviews. Thus it 
was possible to make a good interpretation of the data without any major errors and with 

plenty of time allotted to understanding the meaning of the data collected. Findings in a 
qualitative study must be independent of accidental circumstances of the research to 
achieve a high degree of reliability (11). The carpentry shop was a good environment for 
interviewing. Freedom from disturbances and the scent of fresh wood made the 

respondents positive to the investigation. The questions where simple to understand and 
the interviews were more like discussions about what they felt for a particular piece of 

wood than strict interviews. Since the people interviewed were very different in their 
behaviour and had different backgrounds my personal opinion is that the model of what 

people see in Scots pine surfaces is rather robust. On the other hand, the map of people's 
impressions of wood may differ due to which part of the world that is studied. Different 
cultures, traditions etc. may affect people's attitudes toward a certain wood quality. A lack 
in this study is the small sample of persons interviewed (ten persons). Still the aim was to 
detect what people see in Scots pine surfaces and after the eighth interview nothing new 
was found. Therefore there was no need to continue, according to theory. 

Leaving the question of how universal the result is, we can state the importance of the 
results for further studies. Imagine the problems and faults involved in trying to measure 

the impact of different features on people's impression of wood, not knowing what 
features people see in wood. If that were the case the researcher would be bound to his 
own ideas of what factors could be of importance. 

The result of this investigation give us an indication of what to ask or measure in future 
qualitative or quantitative studies. 
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ABSTRACT 

Wood as a material has inherent aesthetic features which, rightly used, give the final 

product competitive advantage over other materials. 
The aim of this investigation was to find relevant questions to ask when measuring 
people's preferences for different looks of wood and to reveal the relationship between 
the mixture of features in a wood surface and people's attitudes. 

A total of 344 persons participated in the study judging the look of 16 wood surfaces 

made of Scots pine (Pinus sylvestris). Their impressions and feelings were analysed by 
three multivariate methods; correlation, principal component and partial least squares 
analysis. 

The study shows that it is possible to measure people's feelings for different looks of 
wood surfaces. The results show that there are differences in people's judgements for 
surfaces with knots and without knots. The results also show that there are about 15 
questions needed to detect people's preferences for a wood surface. 

Keywords: wood, attitudes, Scots pine, questionnaire, mulivariate analysis. 



1 INTRODUCTION 

Wood as a material has inherent aesthetic features which, rightly used, give the final 
product competitive advantage over other materials. It is therefore important not only 
to put emphasis on design, the manufacturers also have to sell wood by its aesthetic 

features. 

Products made of wood such as furniture, floors and kitchen cabinets must compete 

with other products and materials in a market that is more and more conscious of 
quality. It is therefore important for wood-manufacturing industries to take advantage 
of those features of wood that have great influence on customers' choice of product. 

In general, people have certain feelings and attitudes toward the look of a wood 
specimen. Attitudes are learnedl) and depending on how and to what extent a person 

has had experience with wood, his or her attitude towards wood will vary. If person A 

and  B  both agree that the wood chosen for a certain product is beautiful, the basis of 
valuation might still differ. Maybe they see different features in the wood surface or 

maybe a certain feature is more important to one of them. 

Thus, people's feelings and attitudes toward wood (attitudes toward wood, ATW) are a 
phenomenon worth studying. It would be of great value to know what kind of features 
in wood are of great importance in the customers' purchase decision and how much 

they are willing to pay for a certain quality. Manufacturers would then be able to 
control the manufacturing process in order to utilize the raw material in the best way. 
The question becomes how to investigate the degree of importance for different wood 

features, i.e. how to quantify values that are quite subjective. 

The aim of this investigation is to find relevant questions to ask when measuring 
people's preferences for different looks of wood. The aim is also to reveal the 

relationship between the mixture of features in a wood surface and people's attitudes. 
A questionnaire specially developed for this purpose is tested. A multivariate analysis 
of the results shows among other things that there are certain qualities that are of 
importance for differences in people's impressions. 

This investigation is the second part in a major project named "Price sensitivity of 
wood features". 



2 MATERIALS AND METHODS 

Interviews were made in northern Sweden at Skellefteå Wood Festival during two 

weeks. A specially developed questionnaire was tested and to encourage people to 

participate, pieces of furniture were randomly drawn among the participants. 

2.1 The study 

A total of 16 different surfaces of solid wood panel with size about 0.7 x 1.5 m were 

used in the study. Wood surfaces were made with as much variation in wood 

appearance as possible and all wood surfaces were made of Scots pine (Pinus 

sylvestris). They were not meant to be representative of the look of Scots Pine. The 

objective was to draw out feelings and to cover as many cases of the phenomenon as 

possible. The surfaces were sanded but were given no other surface treatment. At the 

festival the wood surfaces were placed in a half circle and the positions - order of the 

wood surfaces - were randomized. A sample of surfaces is shown in Fig. 1. 

• 

.,. 

Fig. 1. A sample of wood surfaces used in the study. 

All interviewed persons were asked to judge one of 16 wood surfaces. It was the look of 

the wood surface that was to be evaluated, no product examples were given. All had 

written and oral information about the aim of the study and what they were supposed 

to do. 



2.2 	The questionnaire 

A former qualitative study2) pointed out that the phenomenon ATW has got several 

categories or properties. It shows that besides the actual wood features the look of a 

wood surface could be described by different amount of Spirit, Exclusiveness, Tactile 

feeling, Temperature and Interest. Very often people also ascribe a kind of Nature to the 

wood surface. Those results gave rise to questions used in the present investigation. 
Each answer had a seven-degree scale with opposite words at the ends describing a 
quality of the phenomenon ATW. For instance an answer could look like the one below 

and indicate that the person felt the wood surface rather restful and uninteresting. 

Please express your visual impression of the wood surface! 

restful ( 	 ) restless 

interesting ( 	. 	 . 	 x   ) uninteresting 

People were asked to put a cross on the scale at a point approximating what they felt 
about the wood appearance. The questionnaire contained all in all 54 questions divided 
into 5 groups and due to the large number of questions each person could judge only 
one surface. The space available in this paper does not allow a complete description of 

the six-page questionnaire. However, a presentation of the main questions may help 

explain the contents of the questionnaire. 

Group 1. My impression is that the surface is: 

1 	restful (22 ) restless - 9 cold (22 )  	warm 
2 	uneventful (22 )  	eventful 10 of high quality 	(22 )  	of low quality 
3 symmetrical (22 )  	asymmetrical 11 cheap (22 )  	expensive 
4 	rigid(_.:_  	) lively 12 interesting (22 )  	uninteresting 
5 imaginative (22 )  	unimaginative 13 common (22 )  	WTon 
6 	contrasty (22 ) indifferent 14 stimulating (22 )  	boring 
7 	hard(_:_ ) soft 15 exciting (22 )  	unexciting 
8 	clean(_:_ ) dirty 16 balanced (22 )  	unbalanced 

Group 2. Try to assess the look of the wood surface with help of the following 
characteristics: 
17 not fresh (22 )  	fresh 22 solid (22 ) fragile 
18 light (22 )  	heavy 23 empty (22 )  	rich 
19 strict (22 )  	gaudy 24 harmonious (22 )  	disharmonious 
20 elegant (22 )  	crude 25 beautiful (22 )  	ugly 
21 genuine (_:2 ) artificial 

Group 3. I like the wood surface this much: 
26 	like it (_:2 	) don't like it 

-And I find the wood surface: 
27 objectionable (_:2 ) nice 
28 exquisite (_:2 ) disgusting 
29 easy to look at (_:2 ) hard to look at 



Question number 26 was considered as the final judgement of their impression of the 

wood surface. There were also 25 detailed questions about what they thought about 

knots, colour, texture, contrasts etc. All wood features that were asked about are shown 

in Fig. 2. A question could look like: 

Do you see small or great variation in the texture? 

great ( 	:  x  : 	: 	: 	: 	) small 

To make it possible to analyze the data quantitatively every answer or degree on a scale 

was translated to an ordinal value. The values of the positions were linear: 

restful (  3 : 2 : 1 : 0 : -1: -2: -3 ) restless 

The zero position indicates that the wood surface was neither restful or restless. 

Thus the data was recorded in a 54  x N  matrix with values between 3,2, 1, ...-3, were  N  

is the number of interviewed persons. 

 

Texture 
-Spirit/ direction 
-Size 
-Variation/ lustre 
-Pattern 

 

Coloration 
-Brightness 
-Colour 
-Nuance 
-Pattern 

Contrasts 
-Knot/wood 
-Graining 
-Colour 
-Overall 

Knots 
-Amount 
--Quantity 
--Relative area 

-Knot pattern 
-Distribution 
-Appearance 
--Direction 
--Shape 
--Size 
--Colour 
--Brightness 
--Knot-Graining 

Fig. 2. Features that people see in wood which resulted in 25 detailed questions 
included in the questionnarie. 

2.3 	Multivariate methods 

The data in this study consist of simultaneous measurements of many variables. 

Multivariate data analysis is the summarizing term for a number of statistical methods 

for description, often graphical, and for analysis of multivariate data sets. The data are 

represented by means of matrices as: 



person 	X1 X2 	XP  

1 	 xii X12 	xip 
2 	 X21 X22 	X2p 

Xi1 	Xi2 	Xip  

n 	 xni Xn2 	xnp  

The numbers in column  k  (k=1, ...,  p)  are the measurements for question Xk. In row  i  

measurements on person  i  are found. As an example, xik is the answer of person  i  on 

question number  k.  

Correlation analysis only reveals simple relationships between two variables at a time. 

Therefore a principal component analysis also was made, which can find more fuzzy 
relationships among lot of variables. To see which questions are appropriate to use 

when measuring people's feelings for a wood appearance the importance of the 
questions was tested by Partial Least Square analysis (PLS). Two multivariate computer 
programs were used to analyze the results. The program JMP (SAS Incorporation) for 
correlation and Principal Component analysis (PC) and the program SIMCA for the 
PLS - analysis. 

2.4 Theory 

Principal component analysis looks for a few linear combinations which can be used to 
summarize the data, losing as little information as possible in the process. The object of 
principal component analysis is to take  p  variables X1, X2, ..., Xp  and find combinations 
of these to produce new indices Zi, Z2, ..., Zp  that are uncorrelated. The Zi are called 
principal components. The first principal component is then the linear combination of 
the variables X1, X2, ..., Xp, where Zi = aiiXi + a12X2 + + aipXp. The indices are 
ordered so that Zi displays the largest amount of variation, Z2 displays the second 
largest amount of variation, and so on. That is, var(Zi) var(Z2) 	var(Zp), where 
var(Zi) denotes the variance of Zi in the data set being considered 3). 

A principal component analysis involves finding the eigenvalues and corresponding 
eigenvectors of the sample covariance or correlation matrix. Those eigenvalues are 
equivalent to the variances of the principal components. When doing a principal 

component analysis there is always a hope that the variances of most of the indices will 
be so low as to be negligible. In that case the variation in the data set can be described 

by a few Z-variables with variances that are not neglibile. Some degree of economy is 



then achieved since the variation in the  p  original  X-variables is accounted for by a 

smaller number of Z-variables. 

PLS is a projection method that, in the simplest case with two blocks  (X  andY), 

simultaneously solves two problems, namely: 
- to compute a projection that well approximates the matrix  X,  and 

- to compute a projection that well predicts one or several dependent variables 

collected in matrix  Y.  

PLS was developed by Wold4) as a means to deal with chains of relationships in the 

modelling of complicated systems in social sciences and econometrics. PIS has the 
same theoretical foundation as PCA described above. Provided that  X  and  Y  are 

measured on a set of similar objects, few-dimensional PC like models can separately 

well approximate  X  and  Y.  PLS is just a way to compute them so that the projections are 

more closely related to each other. Centering and scaling of both  X  and  Y  are usually 

done in the same way as for PCA. The geometrical interpretation of PLS is analogous to 
PCA, the difference is that in PLS we have two spaces, one for  X  and one for  Y.  One 

searches for a line in  X-space that well approximates the object points, and which also 
has the property that the projection scores (t) are well correlated with those on the 
corresponding line in  Y-space (u). 

The method used to determine the model dimensionality is cross validation (CV). With 

CV, observations are excluded from the model developement, then the response values  
(Y)  for the excluded observations are predicted by the model, and compared with the 
actual values. The CV procedure makes it possible to compute the Predicted Error Sum 
of Squares (PRESS). When comparing PLS analysis with for example multiple 
regression PLS does not necessary model the bias in a data matrix whereas multiple 
regression does. The cross validation procedure in SIMCA makes it possible to leave 
out the bias in a data matrix. 

When testing the accuracy of a models), SIMCA-S computes the influence on  Y  of every 
term (Xk) in the model, called VIP. VIP is the sum over all model dimensions of the 
contributions  VIN  (Variable Influence). For a given PLS dimension, a, (VIN)2akis equal 
to the squared PLS weight (wak)2  of that term, multiplied by the percent SS (residual 

sum of squares) explained by that PLS dimension. If A is the number of PLS-
dimensions and  p  is the number of variables (questions) then the accumulated test 
quantity (overall PLS dimension), 

VIPk  =IVIN21,  [k=1, 2, ... ID] 



is then divided by the total percent explained SS by the PLS model and multiplied by 

the number of terms in the model. 

The squared sum of all VIP's is equal to the number of  X-terms  in the model due to the 

centering and scaling effect. One can compare the VIP of one term to the others. Terms 

with large VIP, larger than 1, are the most relevant to explain  Y.  

The fraction of the variation of a variable, e.g. Ym, that can be predicted by a 

component is computed as: 

Q2 cum„, = (1.0— filPRESS / SS]..) 	[A=number of dimensions, k=1, 2, ...  p]  

where PRESS is the Predicted Error Sum of Squares and M is the number of  Y-variables: 

A

2 

PRESS =II[Y in,— Yin,  
i  m 

[i=1, 2, ... n]  

When responses have large accumulated values of Q2cum, (accumulated over all PLS 

dimensions), the model for this response is good. An accumulated value larger than 
about 0.5 shows that the response is rather strong. 
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3 RESULTS 

A total of 344 persons participated in the study judging the look of 16 wood surfaces 

made of Scots pine (Pinus sylvestris). Because of the large amount of questions (the 

questionnaire took about 20 minutes to fill in) each person judged only one surface. 
That made about 22 interviewed persons per wood surface. Thus the data was collected 

in a 54  x  344 data matrix. 
The first rough analysis made clear that there was a difference in people's judgements 

for surfaces with knots and without knots. Therefore knotty wood surfaces in the data 

matrix were separated from those without knots and the analysis was done separately. 

3.1 	Correlation analysis 

To detect simple relationships between two variables at a time, a correlation analysis 
was made. There are differences between knotty and clear surfaces and the correlation 
between people's preferences and their assessments is therefore shown in Fig. 3 and 4. 
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Fig. 3. The correlation between people's preferences and the most important 

"impression" questions, knotty surfaces. 

The most important assessments show that knotty surfaces should be in harmony, be 

fresh looking and stimulate people's interest. For clear surfaces it is important that they 
stimulate people's interest, not look like imitation, be fresh looking and be in harmony. 
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Fig. 4. The correlation between people's preferences and the most important 
"impression" questions, clear surfaces.  

The correlation between the questions about people's visual impressions used in the 
study is shown in Table 1. and 2. These matrices show that there are some questions that 
may describe almost the same thing. Questions about interest, excitement and 

stimulation are correlated and the same is true for harmony, easiness to look at and 
restfulness (for knotty surfaces, balance). A third group is the questions about elegance, 
quality, solidity and worth (for knotty surfaces worth, elegance and quality). 
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Table 1. The correlation among the most important questions, clear surfaces. 

Questions 	A  B C D E  F  C H  I  J K  L M  N  0 

A. interesting 	1  

B. exciting 	0.76 1  

C. stimulating 	0.75 Ilk 1  

D. artificial 	0.47 0.48 0.50 1  

E. fresh 	0.48 0.40 0.48 0.57 1 

F. harmonious 	0.36 0.28 0.34 0.40 0.38 1  

C.  easy to look at 0.33 0.24 0.34 0.38 0.41 M.4 1  

H. restful 	0.21 0.12 0.23 0.33 0.39 0.53 Lea 1 

I. warm 	0.55 0.50 0.53 0.44 0.36 0.40 0.27 0.07 1  

J. elegant 	0.41 0.33 0.45 0.49 0.56 0.41 0.46 0.51 0.26 1  

K. of high quality 0.38 0.32 0.38 0.49 0.56 0.21 0.29 0.33 0.21 0.53 1 

L. solid 	0.37 0.29 0.34 0.59 0.54 0.27 0.35 0.29 0.35 0.46 0.59 1 

M. expensive 	0.30 0.19 0.25 0.34 0.47 0.33 0.30 0.35 0.22 0.50 Q,Z1 0.42 1  

N. balanced 	0.25 0.13 0.17 0.27 0.43 0.39 0.40 0.38 0.17 0.41 0.25 0.28 0.40 1 

0. rich 	0.53 0.58 0.58 0.29 0.33 0.21 0.12 -0.14 0.51 0.08 0.17 0.14 0.18 0.19 1 

Table 2. The correlation among the most important questions, knotty surfaces. 

Questions B C D  F G H  I  K L 

A. harmonious 1  

B. easy to look at 11,25 1  

C. balanced IL71 9,_61 1  

D. fresh 0.63  0.59 0.48 1  

E. interesting 0.49 0.43 0.40 0.56 1 

F. exciting 0.45 0.41 0.37 0.55 172 1  

C.  stimulating 0.49 0.39 0.35 0.54 912 121€ 1  

H. expensive 0.56 0.52 0.47 0.56 0.48 0.47 0.40 1 

I. elegant 0.57 0.54 0.51 0.53 0.43 0.45 0.40 0.56 1  

J. of high quality Q.12 0.58 0.49 0.58 0.47 0.41 0.34 922 0.52 1  

K. rich 0.32 0.28 0.27 0.35 0.59 0.59 0.52 0.29 0.24 0.32 1 

L. warm 0.36 0.28 0.31 0.50 0.47 0.38 0.41 0.31 0.29 0.37 0.38 1  

The correlation between questions about different wood features and people's 
preferences was low. For clear wood surfaces there was very little connection between 
people's preferences and questions about wood features. For knotty surfaces, though, 
the mixture of different knot directions, their shape, size and number seem of 

importance, see Fig. 5. Number of knots and amount of knots are negatively correlated 

with people's appreciation which means that many knots has a negative impact on 
people's impressions. 
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Fig. 5. The correlation between people's preferences and the most important wood 
features, knotty surfaces. 

3.2 	Principal Component Analysis 

As an intermediate step, principal components analysis (PCA) is commonly used for 
data reduction and easier interpretation. Contradictory to correlation analysis PCA 

often reveals fuzzy relationships that are not previously expected. Hence, a principal 

component analysis was carried out in order to determine if a few linear combinations 
of the original variables might explain the variance-covariance structure. All variables 

were standardized to unit variance. I analysed if the sample variation could be 
summarized by a few principal components. A visualization of the "impression" 
questions and their impact on the model is shown in Fig. 6 and 7. The left "spider" 
vertically rotated 90 degrees is shown by the "spider" to the right in Fig. 6 and 7. The  3-
dimensional  interpretation of the spider in the following figures is that those spiderlegs 

(questions) situated the furthest away from the origin are the most important. They 

contain the largest part of the variation in the data set. If variables have the same 

directions in the plot one can assume that they describe similar properties of the 
phenomenon studied. 

Outliers and other anomalies were examined by score plots and also tested by 
Mahalanobis distance6,  7) but no peculiarities were found. Following results were 



interpreted when the spider rotated on a computer screen. The numbers of the 

questions are defined in 2. Materials and Methods. 

3.3 	PCA-knotty surfaces 

The spider in Fig. 6 and the corresponding analysis shows that the sample variation 
cannot be summarized by just a few, say two or three, principal components. For knotty 

surfaces the first principal component, PC1, accounts for 39.5 percent of the total 

variation and the first three components account for 57.2 percent. In Fig. 6 question 
number 26 (how much the person liked the surface) has the same direction as the 
direction of PC1 which represents most of the variation in the matrix. That simplifies 
the interpretation of the model. Questions that have similar direction as question 
number 26 are important for people's preferences. For knotty surfaces we see that 
questions about how beautiful and nice a surface is have a strong relation to people's 
preferences (25 and 27). How exquisite and fresh a surface is are also of great 

importance (28 and 17). We can also see that two other groups of questions are of 
importance. First, questions about how interesting, exciting and stimulating a surface is 
(12, 15 and 14) and second, questions about harmony, easiness to look at, quality, 

balance and partially worth and elegance (24, 29, 10, 16, 11 and 20). These two groups 
stretch the model in different directions, i.e they describe two different properties of the 
phenomenon ATW. 

13 

Fig. 6. Visualization of the "impression" questions and their impact on the model, 

knotted surfaces. Their loadings, i.e. importance are represented by the distance 

from centre of the "spider". Principal component one (PC1) is represented by  Y,  
PC2 by  X  and PC3 by Z. Each dot represents an interviewed person. 

There are also other questions that describe almost the same thing when looking at a 

knotty wood surface. These are restful and clear (1 and 8), strict and symmetrical (19 
and 3), genuine and  varm  (21 and 9) and finally imaginative, lively, contrasty and 



eventful (5,4, 6 and 2). Questions not mentioned seem to have less connection to 

people's preferences. 

3.4 	PCA-clear surfaces 

Examining Fig. 7, the corresponding analysis shows that the sample variation cannot be 

summarized by just a few, say two or three, principal components, the same situation 
as for knotty surfaces. For clear surfaces the first principal component, PC1, accounts 

for 35.8 percent of the total variation and the first three components account for 60.9 
percent. In Fig. 7 question number 26 (how much the person liked the surface) has 

almost the same direction as the direction of PC1. Groups of questions describing the 
same phenomenon seems almost the same as for knotty surfaces. There are some 
changes though. Similar to knotty surfaces the questions about how beautiful and nice 
but also how excuisite a surface is (25,27 and 28) have a strong relation to people's 

preferences (26). As for knotty surfaces the questions stimulating, interesting and 

exciting (14, 12 and 15) build one important group of questions. A second group that 
stretches the model contradictory to this group is harmonious, easiness to look at, 
balanced and restful (24, 29, 16 and 1). Some important changes from the case of knotty 
surfaces are that the question concerning whether the surface looks artificial (21) or not 
seems of great importance and the same for the question about elegance (20). Question 
number 17 (fresh) is, as for knotty surfaces, important. Questions not mentioned seems 
to have less connection to people's preferences. 

10 

Fig. 7. Visualization of the "impression" questions and their impact on the model, clear 
surfaces. Their loadings, i.e. importance are represented by the distance from 
centre of the "spider". Principal component one (PC1) is represented by  Y,  PC2 
by  X  and PC3 by Z. Each dot represents an interviewed person. 

The principal component analysis and the correlation analysis have shown that there 
are questions that describe almost the same thing and that certain groups of questions 
probably describe different properties of ATW. 



	

3.5 	PCA-preferences versus wood features 

To see if there is a relation between people's preferences and the mixture of wood 
features a PCA model was built were each group of "impression" questions was 
modelled together with the detailed questions about wood features (25 questions). The 
model was weak, i.e. the first three components only explained about 45 percent of the 

total variance. The interpretation of the results is therefore more complex. The results 

are similar to the conclusions drawn by PLS technique presented below. 

	

3.6 	PLS-important questions 

To detect what questions are most important for people's preferences a PLS analysis 

was made. First there is a matrix  Y  with dependent variables and second a matrix  X  

with independent variables. The PLS method tries to maximize the covariance between 
the two matrices by a method similar to PCA. In this study the variables (questions) 
were centered and scaled so that all variables would have unit variance. 

	

3.7 	PLS-knotty surfaces 

The correlation and PCA analysis showed that questions number 25 and 27 (beautiful 
and nice) had a strong relation to people's preferences (26). Therefore these three 
questions were modelled and the other "impression" questions were seen as 
independent variables. The analysis shows that all three variables had very similar 
equations. In Table 3 we see that the coefficients are very similar and therefore these 

three questions seem to describe the same phenomenon. 

Table 3. PLS-coefficients for the most important questions, knotty surfaces. 

Questions 
VIP 

(cum) 
beautiful 
coeffCS 

like it 
coeffCS 

nice 
coeffCS 

28. exquisite 1.60 0.090 0.089 0.088 
24. harmonious 1.41 0.079 0.079 0.078 
12. interesting 1.37 0.077 0.076 0.075 
17. fresh 1.35 0.076 0.076 0.075 
15. exciting 1.29 0.073 0.072 0.071 
14. stimulating 1.27 0.072 0.071 0.070 
29. easy to look at 1.26 0.071 0.070 0.069 
16. balanced 1.19 0.068 0.067 0.066 
20. elegant 1.10 0.062 0.062 0.061 
10. quality 1.10 0.062 0.062 0.061 
11. expensive 1.10 0.062 0.061 0.061 
23. rich 1.04 0.059 0.058 0.057 
etc 



This fact confirms the results from the principal component analysis. The VIP values 
reflect the importance of terms in the model both with respect to  Y,  i.e. its correlation to 
all the responses, and with respect to  X  (the projection). All variables are sorted after 
importance (VIP-value). The coefficients also tell us about the importance of the 

independent variables. The greater the coefficient the greater the importance of the 
variable. The coefficients are standardized and questions with VIP-values less than 1 
have been omitted. 

The significance of the model is tested by a Q2cum value, see 2.4 Theory. The Q2cum 
value was 0.76 for the prediction of people's preferences for knotty surfaces, question 26 
(like it). The model can be considered strong as the Q2cum value was larger than the 
limit 0.5. Another test of the model is to look at a scatter plot (Fig. 8) of observed versus 
predicted values for question 26 (like it). A very strong model is represented by a 
straight line and in this case we see that our model seems to be valid. 
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Fig. 8. Scatterplot of observed versus predicted values for question number 26 (like it). 

Similar analysis was done but with wood features as independent variables. Examining 
table 4 the results show that for knotty surfaces it is the look of the knots that is of 
greater importance than the texture, coloration and contrasts, see Fig. 2. 

When using the wood features as predictors the Q2cum value was 0.47 for the 
prediction of people's preferences for knotty surfaces, question 26 (like it). The model 
can be considered rather weak because the Q2cum value was less than the limit 0.5. 
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Table 4. PLS-coefficients for the most important wood features, knotty surfaces.  

VIP 
(cum) 

beautiful 
coeffCS 

like it 
coeffCS 

nice 
coeffCS 

1.77 0.112 0.116 0.112 
1.66 0.105 0.109 0.105 
1.63 0.102 0.107 0.102 
1.60 0.101 0.105 0.101 
1.54 0.097 0.101 0.097 
1.47 -0.093 -0.096 -0.093 
1.39 0.088 0.091 0.088 
1.38 0.087 0.091 0.087 
1.29 -0.081 -0.084 -0.081 

Questions 

Shape of knot 
blend of knot shape 
blend of knot direction 
colour of knot 
blend of knot colours 
number of knots 
knot distribution 
blend of knot sizes 
relative knot area 
etc 

3.8 	PLS-clear surfaces 

As for knotty surfaces the principal component and correlation analysis showed that 
question 25 and 27 but also number 28 (exquisite) had a strong relation to people's 
preferences (26). These four questions were modelled as effects and the other 

impression questions as independent variables. In Table 5 we see that the coefficients, 

except the constants, are very similar and therefore these three questions seem to 

describe the same phenomenon. This fact confirms the results from the principal 
component analysis. Questions with VIP-values less than 1 were left out. 

Table 5. PLS-coefficients for the most important questions, clean surfaces. 

Questions 
VIP 

(cum) 
beautiful 
coeffCS 

like it 
coeffCS 

nice 
coeffCS 

exquisite 
coeffCS 

12. interesting 1.48 0.089 0.085 0.087 0.086 
14. stimulating 1.46 0.088 0.084 0.086 0.085 
21. genuine 1.39 0.084 0.080 0.082 0.081 
17. fresh 1.37 0.083 0.079 0.081 0.080 
15. exciting 1.34 0.081 0.077 0.079 0.078 
24. harmonious 1.26 0.076 0.073 0.075 0.074 
29. easy to look at 1.23 0.074 0.071 0.073 0.072 
20. elegant 1.23 0.074 0.070 0.072 0.072 
9. warm 1.07 0.065 0.062 0.063 0.063 

etc 

When using the impression questions as predictors the Q2cum value was 0.60 for the 
prediction of people's preferences for clear surfaces, question 26 (like it). The model can 
be considered significant because the Q2cum value was larger than the limit 0.5. 



Comparing table 4 and 5, I conclude that there are some differences between knotty and 
clear surfaces. For knotty surfaces the question about harmony seems of more 
importance than for clear surfaces and for clear surfaces the question about if the 
surface looks like an imitation (21) is important. How interesting, stimulating, fresh and 
exciting a wood surface appears seems of greater importance for clear surfaces than for 
knotty surfaces. 

The model analyzing the relation between people's preferences and wood features for 

clear surfaces was very weak. The only wood feature that was of importance was the 
question about if the surface was lively in the wood texture or not. 



4 DISCUSSIONS 

This study shows that it is possible to measure people's feelings for different looks of 
wood surfaces. The questionnaire contained a large amount of questions but the results 
show that there are about 10 to 15 questions that are of importance. The correlation and 

principal component analysis point out that there are groups of questions that describe 
almost the same thing and that there are questions of less importance. How to 
formulate questions and build a questionnaire has not been investigated but the 
method used in this study seems to work. The analysis shows that there are questions 

or groups of questions that describe different properties of ATW (see PCA). 

Nakamura et. al.8) have studied how visual patterns and colour variations affect 
people's impressions using images of woods and stones. They suggest that pattern 
anisotropy is one of the most important visual factors which influence the 

psychological images of "wood looking". Those results supports the findings of this 
study. Pattern anisotropy from my point of view may create an exciting surface which 
stimulates people's interest. Nakamura also found when comparing the same colour 
specimens (images) of woods and stones structures that a warm image is affected 
strongly by colour variations. Comparing the same colour specimens, the specimens of 

more "wood looking" give more "warm" images. In this study we see that for clear 
surfaces the question about if a surface appears warm or cold is significant. 

When trying to detect the relation between people's preferences and detailed questions 

about the mixture of wood features the models were rather weak. I conclude that it is 
hard to force people to assign different wood features a certain rank. Classifying 

different wood features require some training. Still there is some valuable information. 
For knotty surfaces it is the blend of knot shapes, knot directions, knot colours and 
sizes that is important. Also the number and the distribution of knots is important for 
people's preferences. Studying wood wall-panels Nakamura et. al.9) show that the 
influence of sizes and numbers of knots on an "agreeable" interval is great. The smaller 

the knot ratio, the more "agreeable" the wall-panel becomes. (The knot ratio is an area 
fraction between knots and panel). 

For clear surfaces there were very weak connection between people's preferences and 
questions about texture, colours etc. Mazet et. al. 10) showed, though, that difference in 
colour is an important factor for classification of oak veneers. Also lightness was a very 
appreciated characteristic for assessment by professionals. They conclude that it is 

possible to obtain some measured parameters which can objectively describe the 
qualities of the appearance of oak veneers. This implies that it may be suitable to 



measure people's preferences and impressions by a questionnaire and to measure wood 
features by objective scanning technique. 

4.1 	Limitations 

Though the aim of the investigation was to see if it was possible to measure people's 
preferences for different wood structures by a questionnaire technique, only one sort of 
wood was tested and the interviewed persons were only representative for the 
northern region of Sweden. This lack in the data set may not be so critical as the 
objective was to evaluate the questionnaire technique and the questions used. There 
was also a problem translating the words in the questionnaire from Swedish to English 

without losing valuable nuances in the language. Another limitation or maybe strength 

of this investigation is that no product example was to be evaluated. People were 

supposed to evaluate each wood surface apart from the final usage of the surface. It 
may be hard to assess a wood surface without knowing its function. The study 
investigated what questions are appropriate to use out of a large number of questions. 
Instinctively one can conclude that few appropriate questions are better to use than a 
lot of questions where only a few are significant to the problem studied. 

Generalizing the results of people's preferences measured in this investigation is not 
valid. The more interesting issue is whether it is possible to use similar questions and 

interviewing technique applied to other wood species and people. All value words 
used in the questionnaire emanate from earlier deep interviews with people with 
different backgrounds (in Sweden)2). Thus the questions used are not solely created by 
the author and they cover the most common properties of people's attitudes toward 

wood. From my point of view I think the method will work in other conditions and that 
the questions used are significant but can be improved further. 



5 CONCLUSIONS 

From interpreting the results I conclude that it is important that a wood surface should 
stimulate people's interest and be fresh looking. A clear surface is naturally rather 
harmonious, elegant and easy to look at. Therefore those properties are not so 
important for measuring people's preferences for a clear surface. On the other hand a 
clear surface should be stimulating to look at, be exciting and it should not look like an 
imitation. 

Knotty surfaces usually are less harmonious. Therefore question about harmony, 

easiness to look at and balance are of importance. Just as for clear surfaces, a knotty 

surface should also stimulate people's interest, have a fresh look, be exciting and 
stimulating to look at. 
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ABSTRACT 

The aim of this investigation was to compare two methods for measuring 
people's attitudes toward different looks of Scots pine (Pin us sylvestris) and to 

find relevant questions to ask. Interviews were made at a furniture exhibition 
in Sweden and people were asked to evaluate different looks of wood applied 

to a kitchen cabinet. The first method used plain wood surfaces and the second 
method used computer images of the same wood surfaces applied to a kitchen 
cabinet. The results show that it is possible to measure people's feelings and 
preferences for wood and that people's preferences for different looks of wood 
are not affected if their judgement is based on computer images or if it is based 
on real wood surfaces. There are about 10 questions needed to describe people's 
attitudes towards wood. A wood surface that people prefer should: 

- Have a fresh look 
- Be in harmony 

- Be interesting to look at 

- Be elegant 
- Be exciting to look at 

- Be restful 
- Have an eventful look 

- Not look like an imitation 
- Be imaginative 
- Not be gaudy 

This study was the third part in a major Project "Price sensitivity for wood 
features". 

Keywords: wood, attitudes, Scots pine, questionnaire, interviewing techniques. 



1 INTRODUCTION 

Wood is a material with many faces. It evokes feelings in us that no artificial 
material can do. Formerly the aesthetic value of wood was handled by skilful 
artisans. Today wood products are produced at high speed and by modern 

technology and new methods. The risk of losing valuable aesthetic features 
during the process is therefore large. Wood processing industries have always 
tried to maximize the yield in their processes, i.e. minimizing the loss of wood. 

More seldom there have been efforts to optimize the yield measured in 
monetary terms. When optimizing the value yield instead of yield in utilized 

wood, the results often differ. The value yield merely depends on consumer 
satisfaction. The more a consumer is satisfied with the product the more he or 
she will be ready to pay for it. The raw material, wood, can if rightly used give 

the final product competitive advantage over other materials. It is therefore 
important not only to put emphasis on design, the manufacturers also have to 
sell wood by its aesthetic features. It is important for wood-manufacturing 
industries to take advantage of those features of wood that have great influence 

on customers' choice of product. The question becomes how to investigate 

people's preferences for different looks of wood. 

This study compares two different interviewing techniques to measure people's 
attitudes for different looks of wood (Attitudes Toward Wood, ATW). The first 
method is to use wood surfaces with different wood features together with a 
questionnaire and the second method is to use the same questionnaire together 
with computer images of the wood surfaces in an authentic environment 

(kitchen cabinets). 

The aim of this investigation is to compare these two methods and to find 
relevant questions to ask when measuring people's preferences for different 

looks of wood. A questionnaire specially developed for this purpose is tested. 
An multivariate analysis of the results shows among other things that there are 
certain qualities that are of importance for differences in people's preferences 
and that the two methods are comparable and useful. 
This investigation is the third part in a major project named "Price sensitivity 
of wood features". 



2 	MATERIALS AND METHODS 

Interviews were made at a furniture exhibition in Sweden during one week. A 
specially developed questionnaire was tested and to encourage people to 
participate, pieces-of furniture were randomly drawn among the participants. 

2.1 	The study 

A total of 16 different surfaces of solid wood panel with size about 0.7  x  1.5 m 

were used in the study. Wood surfaces were made with as much variation in 
wood appearance as possible and all wood surfaces were made of Scots pine 

(Pinus sylvestris). They were not meant to be representative of the look of Scots 

Pine. The objective was to draw out feelings and to cover as many cases of the 
phenomenon ATW as possible. The surfaces were sanded but were given no 

other surface treatment. At the exhibition the wood surfaces were placed in a 

half circle and the surfaces were placed in three groups. Each group had one 
surface with small knots, one surface with large knots, one clear surface with 
large texture, one clear surface with small texture etc. A sample of surfaces is 

shown in Fig. 1. 

Fig. 1. A Sample of wood surfaces used in the study 



The study dealt with two different methods of investigating people's attitudes 

toward different looks of wood applied to one product example, kitchen 

cabinets. All participants had written and oral information about the aim of the 

study and what they were supposed to do. Every interviewed person was asked 

to judge 6 of 16 wood surfaces. One wood surface was included in all three 

groups. The same questionnaire and the same wood surfaces were used in the 

two methods described below. Each wood surface was assessed by 15 questions 

and finally the six different wood surfaces were ranked. 

	

2.2 	Method 1, wood surfaces 

Each person was shown a colour picture of an overview of a kitchen cabinet 

made in Scots pine (Pinus sylvestris) and they had to imagine how the different 

wood surfaces would look in a similar product. They were encouraged to take a 

look at all 16 surfaces before they started to answer the questionnaire. 

	

2.3 	Method 2, computer images 

With a photograph as base, computer images had been prepared so that the 

wood inside the wood frame of a cabinet door was identical with those wood 

surfaces used in method 1. Each person was shown a colour picture of an 

overview of a kitchen cabinet made of Scots pine (Pin us sylvestris). 

Fig. 2. A compure image showing wood surface number 2 inside the wood 
frame in a kitchen cabinet. 



They sat down in front of a computer screen and answered the questionnaire 
looking at computer images of the same kitchen cabinet but with different looks 
of wood, see Fig. 2. To simplify the ranking of the six wood surfaces in one 

group, colour prints identical to the computer images were used. 

2.4 	The questionnaire 

A former qualitative studyl) pointed out that the phenomenon ATW has 
several categories or properties. It shows that besides the actual wood features 
the look of a wood surface could be described by different amounts of Spirit, 

Exclusiveness, Tactile feeling, Temperature and Interest. Very often people also 
ascribe a kind of Nature to the wood surface. Those results gave rise to 
questions used in the present investigation. Each answer had a seven-degree 

scale with opposite words at the ends describing a quality of the phenomenon 
ATW. For instance an answer could look like the one below and indicate that 
the person felt the wood surface rather restful and uninteresting. 

Please express your visual impression of the wood surface! 
restful ( 	:  x  : 	 : 	) restless 

interesting ( 	:  

       

x   ) uninteresting 

       

People were asked to put a cross on the scale at a point approximating what 
they felt about the wood's appearance. The 15 questions in the questionnaire 
were divided in following three main groups: 

Group 1. How would You describe the wood surface?  

i 	restful (_:_. 	) restless 
2 symmetrical (_:_. 	) asymmetrical 
3 imaginative (_:_• 	) unimaginative 
4 	contrasty (_:_. 	) indifferent 
5 interesting (_:_. 	) uninteresting 
6 	coirwrbon (_:_. 	) urDnuiut L  

7 	exciting (_:_. 	 ) unexciting 



Group 2. Try to assess the look of the wood surface with help of the following 

characteristics: 

8 	not fresh (_:_. 	) fresh 
9 	strict (_:_. 	) gaudy 

10 	elegant (_:_. 	) crude 
11 	genuine (_:_. 	) artificial 
12 uneventful (_:_• 	) eventful 
13 harmonious (_:_. 	) disharmonious 
14 	beautiful (_:_. 	) ugly 

Group 3. How much do You like the wood surface: 

15 	very much (_:2 	) not at all 

Question number 15 was considered as the final evaluation of their impression 
of the wood surface. To make it possible to analyse the data quantitatively 
every answer or degree on a scale was translated to an ordinal value. The 

values of the positions were linear: 

restful ( 3 : 2 : 1 : 0 : -1: -2: -3 ) restless 

The zero position indicates that the wood surface was neither restful or restless. 

Thus the data was recorded in a 90  x N  matrix with values between 3, 2, 1, ...-3, 

where  N  is the number of interviewed persons. At the end of the questionnaire 

the six wood surfaces in a group were ranked due to how much the inter-
viewed person liked the different wood surfaces. This rank was translated to an 

ordinal value. 

Please rank the wood surfaces due to Your appreciation; 

surface number: 	best ( 10 : 1 : 13 : 12 : 9: 8) worst 

translation: 	 6 : 5 : 4 : 3 : 2: 1) 

2.5 	Multivariate methods 

The data in this study consist of simultaneous measurements of many 
variables. Multivariate data analysis is the summarizing term for a number of 
statistical methods for description, often graphical, and for analysis of 

multivariate data sets. The data are represented by means of matrices: 



person 	Xi X2 	Xp 

1 	 X11 X12 	xip 
2 
	

X21 X22 	x2p 

)41 	Xj2 xip 

n  Xnl Xn2 Xnp  

The numbers in column  k  (k=1, ...,  p)  are the measurements for question Xk. In 
row  i  measurements on person  i  are found. As an example, xik is the answer of 
person  i  on question number  k.  

To compare the two interviewing methods and to see which questions are 
appropriate to use when measuring people's feelings for a wood surface a 
Partial Least Square (PLS) analysis was carried out. For this purpose a 
multivariate computer program, SINICA-S2), was used. 

2.6 Theory 

To understand how PLS works I find it necessary to describe Principal 
Component Analysis first. PCA looks for a few linear combinations which can 
be used to summarize the data, losing as little information as possible in the 
process. The object of principal component analysis is to take  p  variables X1, X2, 

Xp and find combinations of these to produce new indices Zi, Z2, ..., ; that 
are uncorrelated. The Zi are called principal components. The first principal 
component is then the linear combination of the variables Xi, X2, ..., Xi,, where 

Zi = anXi + a12X2 + ..• + a ipXp. The indices are ordered so that Zi displays the 
largest amount of variation, Z2 displays the second largest amount of variation, 
and so on. That is, var(Zi) var(Z2) 	var(Zp), where var(Zi) denotes the 
variance of Zi in the data set being considered 3). A principal component 
analysis involves finding the eigenvalues and corresponding eigenvectors of 
the sample covariance or correlation matrix. Those eigenvalues are equivalent 
to the variances of the principal components. When doing a principal 
component analysis there is always a hope that the variances of most of the 
indices will be so low as to be negligible. In that case the variation in the data 

set can be described by a few Z-variables with variances that are not negligible. 



Some degree of economy is then achieved since the variation in the  p  original  
X-variables is accounted for by a smaller number of Z-variables. 

PLS is a projection method that, in the simplest case with two blocks  (X  andY), 
simultaneously solves two problems, namely: 

- to compute a projection that well approximates the matrix  X,  and 
- to compute a projection that well predicts one or several dependent 

variables collected in matrix  Y.  

PLS was developed by Wolde as a means to deal with chains of relationships in 
the modelling of complicated systems in social sciences and econometrics. PLS 
has the same theoretical foundation as PCA described above. Provided that  X  
and  Y  are measured on a set of similar objects, few-dimensional PC like models 
can separately well approximate  X  and  Y.  PLS is just a way to compute them so 
that the projections are more closely related to each other. Centring and scaling 
to unit variance of both  X  and  Y  are usually done in the same way as for PCA. 
The geometrical interpretation of PLS is analogous to PCA, the difference is 
that in PLS we have two spaces, one for  X  and one for  Y.  One searches for a line 
in  X-space that well approximates the object points, and which also has the 
property that the projection scores (t) are well correlated with those on the 
corresponding line in  Y-space (u). 

The method used to determine the model dimensionality is cross validation 
(CV). With CV, observations are excluded from the model development, then 
the response values  (Y)  for the excluded observations are predicted by the 
model, and compared with the actual values. The CV procedure makes it 

possible to compute the Predicted Error Sum of Squares (PRESS). When 

comparing PLS analysis with for example multiple regression PLS does not 

necessary model the bias in a data matrix whereas multiple regression does. 

The cross validation procedure in SIMCA makes it possible to leave out the bias 
in a data matrix. 

When testing the accuracy of a model, SIMCA-S computes the influence on  Y  of 
every term (Xk) in the model, called VIP. VIP is the sum over all model 

dimensions of the contributions  VIN  (Variable Influence). For a given PLS 
dimension, a, (VIN)2ak is equal to the squared PLS weight (wak)2  of that term, 

multiplied by the percent SS (residual sum of squares) explained by that PLS 
dimension. If A is the number of PLS-dimensions and  p  is the number of 



variables (questions) then the accumulated test quantity (overall PLS 

dimension), 

A 

Virjk  = 	VIN,2ik 	 [k=1, 2, ... p] 
n=i 

is then divided by the total percent explained SS by the PLS model and 
multiplied by the number of terms in the model. 

The squared sum of all VIP's is equal to the number of  X-terms  in the model 
due to the centring and scaling effect. One can compare the VIP of one term to 
the others. Terms with large VIP, larger than 1, are the most relevant to explain  
Y.  The fraction of the variation of a variable, e.g. Ym, that can be predicted by a 

component is computed as: 

Q2  cumn, = (1.0 —11[PRESS I SS]) 	[A=number of dimensions] 

where PRESS is the Predicted Error Sum of Squares and M is the number of  Y-
variables: 

PRESS =IE[Y in,— Yin, 
A 	

2 

] 

 

i  m 

[i=1, 2, ... n]  

When responses have large accumulated values of Q2cum, (accumulated over 
all PLS dimensions), the model for this response is good. An accumulated value 
larger than about 0.5 shows that the response is rather strong. 

A Cooman's plot can be used to check how observations fit to two different 
models5). The plot compares the observation distance to the model in  X  space 
for two models. DModX is computed as a combined measure of the observation 

Residual Standard Deviation (RSD) and the score distances (distance of the new 
score(s) to the normal score range of that model). The absolute observation 
distance to the model in the  X  space is computed as the residual standard 
deviation of the observation (RSD): 

S. = 	(K — A) 
k 

[A=number  of  dimensions, K=number  of  X variables, i=1, 2, ... n, k=1, 2, ... p] 



The normalised observation distance to the model in  X  space is the observation 

RSD divided by the pooled RSD of the model, SO:  

so  = 	e,?i,  I  ((N — A — 1)* (K — A)) 
i 	k 

[N=number of observations] 

(Si/S0)2  has an approximate F distribution, and the probability that an 

observation belongs to the model can be computed. 



3 RESULTS 

A total of 181 persons participated in the study and there were more 
participants using method 1 (wood surfaces, 127) than for method 2 (computer 
images, 54). The reason is that only one person could work at the same time 

with method 2. Thus the data was collected in a 90x181 data matrix. 
The first rough analysis made clear that the correlation between people's 
preferences and the ranking (RANK) of wood surfaces was rather weak 
(methodl r=0.65 and method 2 r=0.48). There can be several reasons for this 

weak correlation. One specific person can for example be uncertain when 
assessing his/her preference for a wood surface (question 15) and the ranking 

can therefore be an easier way to grade the six wood surfaces. The translation 
of the ranking to ordinal values (see 2.4 The questionnaire) also causes a 

weaker connection to people's preferences. This linear translation does not 
show the true relation among the six surfaces ranked. The correlation was 
weaker for method 2 which indicates that it was more difficult to rank the 
wood surfaces using colour pictures than using wood surfaces. (Note: The 

images showed by the computer was of better quality than the colour pictures 
used in the ranking procedure). A new variable was created to use the 
information of the ranking together with the preferences measured by question 
15. The new variable is called SCORE and consists of two parts, A and  B.  

SCORE  i  = question 15- mean(question 15) + RANK * std.dev.(question 15)*C 
	 A  	 B  

The first part, A, consists of the answer to question 15 (preference) minus the 

mean of question number 15 for each person based on six wood surfaces 

(images). The reason for centring the value of question number 15 is to reduce 

the difference between people who are consistently positive and those who are 
consistently negative. The second part,  B,  is the ranking effect scaled by the 
standard deviation of question 15 for each person based on six wood surfaces. 
The ranking effect is thereby scaled to separate a cautious person from a person 
that uses the whole scale (question 15). This scaling part was carried out to 
affect the importance of the ranking. A constant  C  was multiplied to part  B  so 
as part A and  B  reached the same weight in the SCORE variable. The reason for 
integrating the SCORE variable into the model was to get a more robust evalua-

tion of the importance of the independent variables (questions). Integrating the 
SCORE variable into the analysis did not change the conclusions drawn from 



the results. Due to the aim of the investigation the data were analysed 
separately for method 1 and 2 and then compared. 

	

3.1 	The importance of questions 

To detect what questions are most important for people's preferences a PLS 

analysis was made. First there is a matrix  Y  with dependent variables and 

second a matrix  X  with independent variables. The PLS method tries to 

maximize the covariance between the two matrices by a method similar to 

PCA. In this study the variables (questions) were centred and scaled so that all 
variables would have unit variance. In all models computed the valuable 
information were summarized by one PLS-component. 

	

3.2 	Method 1, wood surfaces 

The first rough analysis showed that questions number 14 (beautiful) had a 

strong relation to people's preferences (15). Therefore these two questions 

together with the new ranking variable, SCORE, were modelled as dependent  

Y-variables and the other "impression" questions were seen as independent 
variables. The significance of the model was tested by a Q2cum value, see 2.6 
Theory. The Q2cum value in Table 1 was 0.70 for the prediction of people's 
preferences, question 15 (preference). 

Table 1. Significance of the two models. 
A Q2cum value greater than 0.5 
indicates that the model is strong. 

(Q2cum) Method 1 Method 2 
Total 0.654 0.605 
14.beautiful 0.701 0.666 
15.preference 0.699 0.643 
16.SCORE 0.564 0.506 

The model can be considered strong as the Q2cum value was larger than the 
limit 0.5. In Table 2 the coefficients for the modelled  Y-variables are shown and 
the independent  X-variables are sorted after importance (VIP-value). The VIP 
values reflect the importance of terms in the model both with respect to  Y,  i.e. 
its correlation to all the responses, and with respect to  X  (the projection). The 
coefficients also show the importance of the independent  X-variables. The 
greater the coefficient the greater the importance of the variable (question). The 



coefficients are standardised and questions with VIP-values less than 1 are of 
minor importance. 

Table 2. Coefficients and importance of  x-variables, method 1. 

VIP[1] 
(cum) 

14.beautiful 
CoeffCS[1] 

15.preference 
CoeffCS[1] 

16.SCORE 
CoeffCS[1] 

8.fresh 1.411 0.152 0.152 0.136 
13.harmonious 1.388 0.149 0.149 0.134 
5.interesting 1.334 0.144 0.143 0.129 
10.elegant 1.178 0.127 0.127 0.114 
7.exciting 1.172 0.126 0.126 0.113 
1.restful 1.093 0.118 0.118 0.105 
12.eventful 0.903 0.097 0.097 0.087 
11.genuine 0.897 0.097 0.096 0.086 
3.imaginative 0.844 0.091 0.091 0.081 
9.gaudy 0.722 0.078 0.078 0.070 
2.symmetrical 0.633 0.068 0.068 0.061 
4.contrasty 0.289 0.031 0.031 0.028 
6.common 0.100 0.011 0.011 0.010 

The analysis shows (Table 2) that all three  Y-variables had very similar 
equations and that the model for the SCORE-variable was weaker than for the 

other two, see Table 1. The result is that the coefficients for SCORE in Table 2 is 
weaker than for the other two  Y-variables. Another test of the model is to look 
at a scatter plot (Fig. 3) of observed versus predicted values for question 15 
(preference). A very strong model is represented by a straight line and in this 
case we see that our model seems to be valid. 
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Fig. 3. Observed v.s. predicted preferences. Each object is marked with a dot. 
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3.3 	Method 2, computer images 

Just as for method 1, wood surfaces, question number 14 (beautiful) had a 
strong relation to people's preferences (15). These two questions were modelled 
together with the new SCORE variable as effects and the other impression 
questions as independent variables. In Table 3 we see that the coefficients are 
very similar and therefore these three questions seem to describe the same 

phenomenon. Questions with VIP-values less than 1 are of minor importance. 
The Q2cum value in Table 1 was 0.64 for the prediction of people's preferences, 
question 15 (preference). The model can be considered strong as the Q2cum 
value was larger than the limit 0.5. 

Table 3. Coefficients and importance of  x-variables, method 2. 

VIP[1] 
(cum) 

14.beautiful 
CoeffCS[1] 

15.preference 
CoeffCS[11 

16.SCORE 
CoeffCS[1] 

13.harmonious 1.477 0.156 0.153 0.137 
8.fresh 1.315 0.139 0.137 0.122 
1.restful 1.203 0.127 0.125 0.111 
5.interesting 1.197 0.126 0.124 0.111 
10.elegant 1.129 0.119 0.117 0.104 
7.exciting 1.088 0.115 0.113 0.101 
11.genuine 1.021 0.108 0.106 0.094 
9.gaudy 0.886 0.094 0.092 0.082 
3.imaginative 0.875 0.092 0.091 0.081 
12.eventful 0.808 0.085 0.084 0.075 
2.symmetrical 0.607 0.064 0.063 0.056 
4.contrasty 0.286 0.030 0.030 0.027 
6£ommon 0.238 -0.025 -0.025 -0.022 

3.4 	Comparing method 1 and 2 

The independent variables are ordered after the VIP-values, i.e. importance in 
the model in Table 2 and 3. Comparing the order of  X-variables for the two 
methods we see that they are alike. We see that the most important questions 
(with VIP-values greater than 1) are almost the same which indicates that the 
two methods are comparable as to their validity. 
Examining Table 1 we see that the models for method 1, wood surfaces, is 
stronger than for method 2, computer images evaluated by the Q2cum value. 
Though the difference is rather small it indicates that method 1 may be better to 
use when investigating people's preferences for different looks of wood. 
Comparing the two methods by examining the distance to model (DModX) for 



the two methods at the same time, see Fig. 4,1 conclude that the two methods 

give the same result. If there had been a difference the data would have been 
separated into two groups, one located nearer the Y-axis and one located nearer 

the X-axis. 

1 
	 • 

 0.5 	 11 	 1  .0 	 1.5 

M1(WOOD SURFAOES)-(Dcrit = 0.994, Absolute distance) 
M2(COMPUTER IMAGES)-(Dcrit = 1.040, Absolute distance) 

Fig. 4. A Cooman's plot showing the distance to model in the  X  - space for each 

object. 

3.5 	Other results 

A Principal Component Analysis was carried out to get an overview of the 

variables. In Fig. 5 the variables in a PCA model for method 2 are visualized. 
We see that among the most important questions there are questions or groups 
of questions that describe different properties of ATW as they stretch the model 

in two directions. One group is questions about whether a surface is Interes-
ting, Exciting, Imaginative or Eventful and the second group is Harmonious, 
Elegant, Restful and, to a lesser degree, Gaudy. Similar conclusions can be 

drawn for method 1, wood surfaces. 
In analysing people's background there was no relation between age and 

people's preference for different looks of wood. I also conclude that there is no 
relation between a person's experience with wood and what he or she prefers. 
The results also show that people interviewed at the furniture exhibition have 
higher preference for knotty wood surfaces than for clear wood surfaces. 
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Y  - variables (14, 15 and 16). 



4 DISCUSSIONS 

This study shows that it is possible to measure people's feelings for different 

looks of wood surfaces. It also shows that the two methods used are 

comparable in use. The questionnaire contained 15 questions which were 

repeated six times and the results show that there are about 10 questions that 
are of importance. How to formulate questions and build a questionnaire has 
not been investigated but the method used in this study seems to work. 
Among the most important questions there are questions or groups of 
questions that describe different properties of ATW. One group is questions 
about whether a surface is Interesting, Exciting, Imaginative or Eventful and 

the second group is Harmonious, Elegant, Restful and, to a lesser degree, 

Gaudy. This is confirmed by a former study6). I conclude that the first group 
concerns the amount of liveliness in a wood surface and the second group 

concerns the amount of balance in a wood surface. This idea came out from the 
first investigationl) in the project: "Price sensitivity for wood features". Two 
other separate questions that are significant for people's preferences are if a 
wood surface has a fresh look and if it looks artificial or not. 

Nakamura et. al.7) have studied how visual patterns and colour variations 

affect people's impressions using images of wood and stones. They suggest that 

pattern anisotropy is one of the most important visual factors which influence 
the psychological images of "wood looking". Those results support the findings 
of the present study. Pattern anisotropy from my point of view may create an 

exciting surface which stimulates people's interest. The pattern anisotropy 
should also affect the balance in a surface. Too "much" of some wood feature, 
for instance colour variation, number of knots, etc., may cause imbalance in the 
wood surface. Nakamura et. al.8) drew similar conclusions when they studied 
preferences for wood wall-panels. They showed that the smaller the knot ratio, 
the more "agreeable" a wall-panel becomes. (The knot ratio is an area fraction 
between knots and panel). 

Comparing the two methods, wood surfaces and computer images, the model 
for wood surfaces was slightly stronger but there were no major differences. 
My impression from the study at the furniture exhibition is that both methods 
have their advantages/disadvantages. When using wood surfaces the 

interviewed person can really see the wood but it can be hard to imagine the 



look of the final product. When using computer images to interview people the 
situation is the opposite. Here the person can see the look of the wood in a 

product but he or she can not see the wood features in detail. Though persons 
interviewed by method 2 (computer images) had the possibility to look at the 
wood surfaces at the same time there were almost none who did. 

4.1 	Limitations 

Though the aim of the investigation was to see if it was possible to measure 

people's preferences for different wood structures by a questionnaire technique 
using two different methods, only one specie of wood was tested and the 
interviewed persons were only from Sweden. This lack in the data set may not 
be so critical as the objective was to evaluate the two methods, the 
questionnaire technique and the questions used. There was also a problem 
translating the words in the questionnaire from Swedish to English without 

losing valuable nuances in the language. Another limitation is that only one 
product example, kitchen cabinets was to be evaluated. It may be hard to assess 
a wood surface without knowing its function therefore a product with large 
wood surfaces was chosen. 

Generalising the results of people's preferences measured in this investigation 
is not valid. The more interesting issue is whether it is possible to use similar 
questions and interviewing technique applied to other wood species, products 
and people. All value words used in the questionnaire emanate from earlier 
deep interviews with people with different backgrounds (in Sweden)1). Thus 
the questions used are not solely created by the author and they cover the most 
common properties of people's attitudes toward wood. From my point of view 
I think the methods will work in other conditions and that the questions used 
are significant but can be improved further. 



5 CONCLUSIONS 

This study shows that people's preferences for different looks of wood are not 
affected if their judgement is based on computer images or if it is based on real 

wood surfaces. 
The results also show that the two interviewing techniques are valid and that 
there are about 10 questions that are of importance for describing people's 

attitudes towards wood. The most important questions show that a wood 
surface that people prefer should have at least one of the following 

characteristics presented below. 

A wood surface should: 
- Have a fresh look 
- Be in harmony 
- Be interesting to look at 
- Be elegant 
- Be exciting to look at  

- Be restful 
- Have an eventful look 
- Not look like an imitation 
- Be imaginative 
- Not be gaudy 

Surprisingly there was no correlation between age or experience with wood 

and people's preferences. Another result was that people interviewed at the 
furniture exhibition had higher preference for knotty wood surfaces than for 
clear wood surfaces. 
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