Int J Adv Manuf Technol (2006) 30: 166173
DOI 10.1007/s00170-005-0048-3

ORIGINAL ARTICLE

Muh-Cherng Wu - Ying-Fu Lo - Shang-Hwa Hsu

A case-based reasoning approach to generating

new product ideas

Received: 4 November 2004 / Accepted: 17 March 2005 / Published online: 10 November 2005

© Springer-Verlag London Limited 2005

Abstract This paper presents an approach to facilitate
the generation of new product ideas. In this approach, a
product is represented by a vector, which involves a number
of product attributes. These attributes are defined based on
the user-centered design (UCD) paradigm. That is, the
context of use and interactions with users for the product is
described by these attributes. By the product representation,
a product database can be established. For a benchmarking
product, we use the case-based reasoning (CBR) technique
to retrieve those products, which are “sufficiently relevant”
to the benchmarking one, from the database. The functions
of the retrieved products are the candidate new ideas to
be added on the benchmarking product. These retrieved
products are screened manually to identify creative and
valuable ideas. A prototype system of this approach has
been implemented. Experiments show that the proposed
approach outperforms the brainstorming technique, which
has been widely used in industry.

Keywords User-centered design - Case-based reasoning -
New product development - Product attributes

1 Introduction

In this competitive era, the product life cycle is getting
shorter and shorter. New products have to be constantly
developed and timely placed to market. Enhancing the pro-
ductivity of new product development is therefore a very
important issue.

The tasks of new product development can be cat-
egorized into four stages [1]. The first stage involves the
idea exploration of new products; that is, which new func-
tions shall be included for a particular product. The second
stage is to screen and rank the new ideas, generated in the
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first stage, according to their potential market capacity. The
third stage is to design the prototypes for the selected ideas.
The fourth stage is to perform a marketing test for the new
products to get customers’ feedbacks.

Among the above four stages, the first stage—idea
exploration—is the most important because the other three
stages are essentially to justify the effectiveness of the new
product ideas. Therefore, how to create good and new ideas
is a critical factor for successfully developing new prod-
ucts. In creating new ideas for products, designers often use
creative problem solving (CPS) techniques. More than one
hundred CPS methods have been developed [2]. Among
these CPS techniques, the brainstorming method proposed
by Osborn [3] has been most widely used in industry [4].

Using the brainstorming (BS) method for generating
new product ideas has three drawbacks. First, the BS meth-
od in nature is developed for a team and not suitable for an
individual. Second, the performance of the BS method
highly depends on the capacities of team members. Third,
the BS method facilitates team members to generate new
ideas through a free-association mechanism. The mecha-
nism is not customer-oriented or user-centered. Therefore,
some ideas good for users might be ignored in the BS
method.

Kankainen and her team use a user-centered design
(UCD) paradigm to generate new product ideas [5]. In their
UCD approach, they first analyzed the demands of users.
Based on the users’ demands, a “social map” is drawn to
illustrate the scenario of using products. Based on the so-
cial map, two designers emulate the activities of users and
create new product ideas by discussion. The social map
approach is essentially a human-based approach. The quan-
tity and quality of new product ideas, in a human-based
approach, are undoubtedly limited by the capacities of
designers.

To overcome the above drawbacks, this research pro-
poses a computer-aided technique to create new product
ideas. Based on the UCD paradigm, a product is repre-
sented by a vector consisting of 87 elements. Each element
represents a product attribute, which relates the product to
users from a user-centered perspective. By such a product



representation scheme, a large amount of products are
coded in vectors and stored in a database. To create new
ideas for an existing product (called benchmarking prod-
uct), we use the case-based reasoning (CBR) technique to
retrieve other products that are “sufficiently relevant” to the
benchmarking product. The functions of the retrieved
products are the candidate new ideas to be added on the
benchmarking product.

The remainder of this paper is organized as follows.
Section 2 reviews the literature on brainstorming (BS)
techniques, user-centered deign (UCD), and case-based
reasoning (CBR). Section 3 introduces the product repre-
sentation scheme. Section 4 describes how to create new
product ideas by using the proposed approach. Section 5
uses two benchmarking products to compare the perfor-
mance of the proposed approach and the BS technique.
Concluding remarks are presented in Section 6.

2 Relevant literature

This section briefly describes the basic idea of brainstorm-
ing (BS) and its applications to product innovation. Ap-
plications of user-centered design (UCD) and case-based
reasoning (CBR) techniques are also presented.

2.1 Brainstorming

The basic idea of the BS technique is to provide an en-
couraging and inspiring environment for facilitating a team
of participants to generate new ideas [3]. The encouraging
environment is established by temporarily withholding any
criticisms on the new ideas raised by the participants. The
inspiring mechanism is achieved by encouraging the par-
ticipants to modify, extend, or associate the ideas raised by
others. Only at the end of a BS process, the new ideas thus
generated will be sorted and evaluated.

According to two empirical surveys [6, 7], the BS tech-
nique, compared to some other idea generation techniques,
has received the highest awareness and has been most
widely used in industry. For the processes of developing
new products, the BS technique is mostly used in the stage
of generating new product ideas [6]. A comprehensive
review of brainstorming literature has been presented by
Isaksen [4].

2.2 User-centered design

User-centered design (UCD) had its origins with the sem-
inal work of Norman and Draper [8]. UCD has been
defined as “a philosophy based on the needs and interests
of the user, with an emphasis on making products usable
and understandable” [9]. The basic idea of UCD is to ex-
plore the context of use for the design of a new product in
order to enhance the product usability [10].

The process of implementing UCD has been developed
by much literature [11, 12]. The ISO 13407 standard also
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provides a framework for applying UCD [13]. According
to the standard, the following four UCD activities need to
start at the earliest stage of developing a product: (1) un-
derstand and specify the context of use, (2) specify the user
and organizational requirements, (3) produce design so-
lutions, and (4) evaluate designs against requirements.

UCD has been widely used in industry [10, 14] and two
handbooks have been published [15, 16]. Some example
applications of UCD involve the design of modern micro-
electronic products [12], the design of a website [17], the
design of a user interface of a welding machine [18], the
user-interface design of a chemical process [19], the design
of software [20], and the design of new product concept [5]
as discussed in Section 1.

2.3 Case-based reasoning

Case-based reasoning (CBR) is the process of using past
cases to solve the new problem case [21-23]. The basic
idea of CBR is to retrieve the past cases that are similar
enough to the new case. These retrieved past cases and their
associated solutions are then used to develop the solution
of the new case. Two survey papers of CBR can be referred
in [24, 25].

A CBR system involves the following three compo-
nents: (1) a case representation scheme, (2) a similarity
metric, and (3) a case-retrieval mechanism. A case repre-
sentation scheme is to model a case by a set of attributes,
which are intended to characterize the case for a particular
application. A similarity metric is designed to measure the
similarity between any two cases that are described by the
case-representation scheme. A case-retrieval mechanism is
to retrieve the past cases that are similar to the new case,
according to a predetermined similarity threshold.

CBR has been applied in a wide variety of design prob-
lems [26]. A review paper on the application of CBR to
architecture designs and mechanical designs has been pub-
lished [27, 28]. In the domain of product design and
development, CBR has been applied to retrieve existing
product data or product design [29, 30], to manage the
assignment of physical structures to the functions of a
product [31], to integrate the structure—behavior—function
model of products [32], to develop a decision support tool
for product design in a concurrent engineering environment
[26].

The previous CBR studies relevant to product design
focus on the engineering aspect. That is, given a product
idea (a functional requirement), they investigated how to
apply CBR to effectively and efficiently develop a design
for fulfilling the functional requirement. Yet, how to apply
CBR to create new and meaningful functional requirements
is rarely studied.

3 Product representation

In this research, a product is modeled by a vector consisting
of'a number of product attributes. Based on the paradigm of
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UCD, these product attributes are developed from five
dimensions: (1) interface modality, (2) task, (3) physical
feature, (4) environment, and (5) user. These five di-
mensions are further deployed into 20 groups (or called
sub-dimensions) that are subsequently used to yield 87
attributes (Table 1).

3.1 Interface modality

The first dimension—interface modality is to identify the
medium through which the product interacts with the user.
Here, the medium denotes a particular portion of the user’s
body. This research classifies the interface modality into
three groups: (1) sensory modality, (2) response modality,
and (3) positioning location.

Sensory modality denotes the mediums or sensors
through which the user receives the messages sent from
the product. In modeling the sensory modality, the fol-
lowing five human sensors are taken as product attributes:
(a) visualization(or sight), (b) audio (or hearing), (c) gus-
tatory (or tasting), (d) olfactory (or smelling), and (e) tactile.
For example, the sensory modality of a watch is visual/ and
that of a radio is audio. A product may have two or more
sensory modality; for example, the sensory modality of
television involves audio and visual.

Response modality denotes the mediums through which
the user responds to or manipulates the product. The re-
sponse modality is composed of seven attributes: (a) eye,
(b) mouth, (c) face, (d) neck, (e) hand, (f) foot, and (g)
finger. For example, a pair of glasses involves two response
modality attributes: eye and face. A saxophone involves
three response modality attributes: mouth, hand, and finger.

Positioning location denotes the medium through which
the user carries the product. The positioning location in-
volves six attributes: (a) head, (b) neck—shoulder, (c) chest—
waist, (d) back, (e) hand, and (f) foot. For example, the
positioning location of a typical watch involves hand,
while that of a pocket-watch involves chest-waist. Some
products may have no positioning location; for example, a
refrigerator is typically not carried by user.

3.2 Task

The second dimension—task is to model the tasks to be
performed by the user through using the product. Accord-
ing to users’ needs, the tasks are categorized into seven
groups: (1) eating, (2) clothing, (3) living, (4) transporta-
tion, (5) education/entertainment, (6) working, and (7)
health care.

The first group, which describes the tasks relevant to
eating, is characterized by the following four processes: (a)
preparation, (b) processing, (c) serving, and (d) cleaning.
For example, a cooking pot is for the processing of food; a
dish is for the serving of food; and a brush is for cleaning
purpose. The second group, describing the tasks relevant to
clothing, is characterized by three processes: (a) prepara-
tion, (b) modification, and (c) cleaning. For example, a

cloth closet is for the preparation purpose; and a washing
machine is for cleaning purpose.

The third group, which denotes the tasks relevant to
living, is characterized by the following four processes: (a)
cleaning, (b) maintenance, (c) monitoring, and (d) decorat-
ing. For example, a hammer is for the purpose of main-
tenance; a vacuum cleaner is for cleaning purpose.

The fourth group, which describes the tasks relevant to
transportation, is characterized by the five processes: (a)
planning, (b) navigating, (c) monitoring, (d) emergency
handling, and (e) vehicle. For example, GPS (global po-
sitioning system) is used in the tasks of path planning and
path navigation. Cell phone is used for the purpose of
emergency handling.

The fifth group—education/entertainment is character-
ized by the following five processes: (a) searching, (b)
understanding/integrating, (c) creating, (d) storing, and (e)
distributing. For example, a tape recorder is for the purpose
of storing; and an e-mail system is for distributing purpose.

The sixth group, which describes the tasks relevant to
working, is characterized by five processes: (a) planning,
(b) execution, (c) inspection/review, (d) decision, and (e)
communication. For example, telephone is for the purpose
of communication; and a thermometer is for inspection
purpose.

The seventh group—health care is characterized by the
following processes: (a) daily maintenance, (b) detection/
diagnosis, (c) remedy, and (d) rehabilitation. For example,
soap is for the daily maintenance purpose; and wheelchair
is for the rehabilitation purpose.

3.3 Physical feature

The third dimension of the product representation is called
physical feature. This dimension is characterized by three
features: (1) physical size, (2) movability, and (3) scale-
ability. For the feature of physical size, products are clas-
sified into five types: (a) mini, (b) small, (c) medium, (d)
large, and (e) extra-large. For the feature of movability,
products are classified into two types: (a) portable and (b)
stationary. For the feature of scalability, products, accord-
ing to the extent of change, are classified into three types:
(a) small, (b) medium, and (c) large. For example, a note-
book has the following attributes: medium in size, portable,
and medium level in scalability.

3.4 Environment

The fourth dimension of the product representation de-
scribes the environment where the product is used. The
dimension is characterized by the following three sub-di-
mensions: (1) number of users, (2) indoor/outdoor place,
and (3) the harshness of environment.

The sub-dimension “number of users” is classified into
two types: (a) single user and (b) a group of users. For
example, PDA (personal digital assistant) product is for
single user; and television is for a group of users.



The sub-dimension “indoor/outdoorplace” is classified
into two types: (a) indoor and (b) outdoor. For example, a
walkie-talkie is for both indoor and outdoor places; a
printer is for indoor use.

The sub-dimension “the harshness of environment” is
characterized by the following six attributes: (a) illumina-

Table 1 Shows the vector re-
presentation of two products,

cell phone and ball pen
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tion, (b) temperature, (c) humidity, (d) noise/vibration,
(e) dust, and (f) pressure. For example, an industrial com-
puter can be used in a high-temperature and high-noise
environment.

ID Dimension

Group

Attribute

Cell phone Ball pen

1
2
3
4
5
6
7
8
9

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

Interface Modality sensory modality

Tasks

response modality

positioning location

eating

clothing

living

transportation

education/entertainment

working

health care

visualization (or sight)
audio/hearing
gustatory (or tasting)
olfactory (or smelling)
tactile

eye

mouth

face

neck

hand

foot

finger

head

neck-shoulder
chest-waist

back

hand

foot

preparation
processing

serving

cleaning
preparation
modification
cleaning

cleaning
maintenance
monitoring
decorating

planning

navigating
monitoring
emergency handling
vehicle

searching

understanding/integrating

creating

Storing
distributing
planning
execution
inspection/review
decision
communication
daily maintenance
detection/diagnosis
remedy
rehabilitation

0.5 1.0
1.0 0
0 0
0 0
0.5 0.5
0.5 1.0
1.0 0
0.5 0.5
0.5 0
1.0 1.0
0 0
0.5 0.5
0 0.25
0.25 0
1.0 1.0
0 0
0.5 0.5
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0.5 1.0
0 0
0 0
1.0 0
0 0
0.5 0
0 0
0.5 1.0
0.25 0
0.25 0.75
0.25 1.0
0.5 0.25
0 0.5
0.25 0

1 0.25
0 0
0 0
0 0
0 0
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Table 1 (continued) ID Dimension Group Attribute Cell phone Ball pen
49 Physical Feature  physical size mini 0.25 0.25
50 small 0.75 0.75
51 medium 0 0
52 large 0 0
53 extra-large 0 0
54 movability portable 1.0 1.0
55 stationary 0 0
56 scaleability small 0 0.5
57 medium 1.0 0.5
58 large 0 0
59 Environment number of users single user 1.0 1.0
60 group of users 0 0
61 indoor/outdoorplace indoor 0.5 0.5
62 outdoor 0.5 0.5
63 the harshness of environment illumination 0.75 0.75
64 temperature 0.5 0.5
65 humidity 0.5 0.5
66 noise/vibration 0.25 0.5
67 dust 0.5 0.5
68 pressure 0.5 0.5
69 Users gender male 0.5 0.5
70 female 0.5 0.5
71 age group infant 0 0
72 child 0.25 0
73 teenager 0.5 0.25
74 young adult 0.5 0.5
75 adult 0.5 0.5
76 the aged 0.25 0.25
77 workingindustry agriculture 0.5 0.5
78 manufacturing 0.5 0.5
79 trade 0.5 0.5
80 service/education 0.5 0.5
81 government 0.5 0.5
82 job position top management 0.5 0.5
83 middle management 0.5 0.5
84 supervisor 0.5 0.5
85 engineer 0.5 0.5
86 office clerk 0.5 0.5
87 operator 0.5 0.5

3.5 Users

The fifth dimension of the product representation is about
users. Users are characterized by the following demograph-
ic features: (1) gender, (2) age group, (3) working industry,
and (4) job position. The feature gender denotes the
population of users in terms of gender. The feature age
group involves six clusters: (a) infant, (b) child, (c) teen-
ager, (d) young adult, (e) adult, and (f) the aged. The feature
“working industry” involves five clusters: (a) agriculture,
(b) manufacturing, (c) trade, (d) service/education, and
(e) government. The feature “job position” involves six
clusters: (a) top management, (b) middle management, (c)
supervisor, (d) engineer, (e) office clerk, and (f) operator.

Based on the representation scheme discussed above,
a product can be modeled by a vector consisting 87 at-
tribute values. Each attribute of a product can be valued in
five scale points: extreme relevance (1.0), high relevance
(0.75), relevance (0.5), low relevance (0.25), no relevance
(0). Table 1 shows the vector representation of two prod-
ucts, cell phone and ball pen.

4 Generation of new product ideas

Based on the proposed product representation scheme, this
research applies the CBR (case-based reasoning) technique
to create new product ideas. The idea-generation mech-



anism starts with a benchmarking product, an existing
product on which new functions are to be added. For the
benchmarking product, its high-value attributes (>0.75) are
used as keys to retrieve other products that are “sufficiently
relevant” to the benchmarking product. These retrieved
products are then screened and subsequently rated manual-
ly to determine the quality of new ideas. Here, the quality
of new ideas implies how creative and valuable it is to
add the main function of a retrieved product to the bench-
marking product.

The method for computing the relevance metric between
two product vectors is first described. Then, the CBR pro-
cedure for retrieving the “sufficiently relevant” products is
explained.

4.1 Computing relevance metric

Suppose a product database has been established, which
involves a large amount of products and each product is
modeled by the proposed representation scheme, a vector
form. Let P= {P,i=1,..., K} represent the database, where
P; = [py] 1 <j <87 denotes the i-th product and p;; is the
value of its j-th attribute. Let B = [b;] 1 <j < 87 denote the
benchmarking product.

Let AR(b;, p;;) represent the relevance metric of j-th
attribute for product B and P,. AR(b;, p;;) is defined below.

AR(bj, pj) = 1— |b; = py 1)

Let § = { Jlb; > 0.75} represent the set of high-value
attributes of product B. Some attributes in S are selected to
form a key set, which are used to retrieving “sufficiently
relevant” products. Define 7 c S as the key set. Let PR!
represent the product relevance metric between products P;
and B, with respect to the set of attributes 7. PR! is defined
below, where W, € [0, 1] denotes the weighting factor of j-th
attribute given by users. That is, users can intentionally
gives their preferences on the attributes in 7.

S [b; - AR(by. py) - W]

| > [ w)?

jcT

PRT =

1

@

4.2 Procedure of CBR

The concepts presented above can be used to develop a
product innovation retrieval system, called PIRS. The pro-
cedure for using the PIRS to generate new product ideas is
presented below.

Step 1: Initialization

e AssignR Set=0, A SET=0O
e Ask user to determine the benchmarking product B
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Table 2 The results of the two experiments are shown in

Group  Cell phone experiment>4.0 Ball pen experiment>4.0
B.S. PIRS B.S. PIRS
Q’ty T-score Q’ty T-score Q’ty T-score Q’ty T-score

Group 1 12 492 13 536 4 16.4 8 33.0
Group 2 11 454 14 617 5 20.8 9 371
Group3 12 493 15 614 6 24.7 9 377
Group4 10 415 13 454 5 206 10 414
Group5 9 370 14 580 6 20.4 9 377
average 10.8 4448 13.8 56.02 52 2058 9 3738

Step 2: Determine S = {]|b, >0.75 }, the set of impor-
tant attributes for product B.

Step 3: Ask users to select attributes in S to form several
key sets T (k= 1, ..., n) and give W, for each
attribute in 7T}.

Step 4: Retrieve “sufficiently relevant” products from
the product database

Ask users to determine a relevance threshold h € [0, 1].
Retrieve and place the “sufficiently relevant” products

n
in R_Set; that is, R_Set = |J {P;|PR] > hfori € Ty}
1

k=

Step 5: Ask users to select creative and valuable product
ideas from R_Set and place them in 4_Set.

5 Experiment

To justify the proposed PIRS (product innovation retrieval
system), this research performs an empirical study to
compare the effectiveness between PIRS and the brain-
storming (BS) approach. Two experiments are tested. One
experiment uses a cell phone as the benchmarking product
and the other uses a ball pen as the benchmarking product.
In each experiment, the two approaches aim to find creative
and valuable functions to be added to the benchmarking
product. The procedures for the experiments are presented
below.

Table 3 Product ideas for cell phone generated by PIRS

Language Translator/Dictionary Radio and Walkman
Remote Controller for Television

Door/Car

USB Flash Memory Drive
Electronic Pet (Game)
Mosquito prevention set

Stun Gun for Security
Projector
Language Learning Machine

E-Map PDA (personal digital assistant)
Alcohol tester Pedometer
MP3 e-Book

Anti-camera detector Bar-code detector (for
shopping memo)

Walki-talki Pulse detector
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5.1 Subjects for experiments

Each experiment involves 25 subjects who are sophomores
of a university. These subjects are randomly clustered into
five groups. In each group, one subject is randomly chosen
to use the PIRS approach and the other four subjects are
requested to use the BS approach to generate new product
ideas for the benchmarking products.

5.2 Product database

A prototype product database involves 500 products is
established for the experiments. The product database is
coded by Microsoft Access; the user interface is developed
by Macromedia Dreamwaver; the retrieval mechanism is
coded by ASP (Active Server Page); and Microsoft Internet
Explorer is used as the vehicle for web browsing.

5.3 Experiment procedures

The experiment time for each of the two approaches is 1
hour. The BS approach, which has been widely known,
follows the procedure described by Osborn [3]. The PIRS
approach follows the procedure described in Section 4.
Using the benchmarking product ball pen as an example,
each step of the PIRS approach is explained below.

Step 1, claims that new functions of a ball pen are to be
searched. In step 2, of the 87 product attributes of a ball
pen, only 12 attributes are important attributes, which are
highlighted in Table 1 and are with the following IDs {1, 6,
10, 15, 30, 37, 39, 40, 50, 54, 59, 63}. In step 3, subjects
can freely form several key sets 7} from the 12 attributes. In
step 4, the relevance threshold 4 = 0.5 is defined, and new
product ideas are generated by the PIRS system. In step 5,
of these new product ideas generated, subjects by their own
judgments select the creative and valuable ones.

5.4 Evaluation method

Three experts familiar with new product developments are
invited to evaluate the new product ideas generated. In
evaluating a new product idea, three criteria—originality,
valuableness, and usefulness [33] are used. Each criterion
is rated in a five-point scale. The higher the point, the more
appreciated is the new idea. The creativity of a new product
idea is measured by averaging the points of the three
criteria.

5.5 Result comparison

The results of the two experiments are shown in Table 2.
This table analyzes the new product ideas that are regarded
as creative; that is, their creativity values are grater than or
equal to 4.0. For the cell phone experiment, the BS ap-
proach creates 10.8 creative ideas per group, and the PIRS

approach creates 13.8 creative ideas per group. The asso-
ciated #-test, with oc=0.05, t-value=—3.005, P-value=0.017,
shows that the PIRS approach is statistically better than the
BS approach. For the ball pen experiment, the BS approach
creates 5.2 creative ideas per group, and the PIRS approach
creates 9.0 creative ideas per group. The associated #-test,
with =0.05, t-value=—8.970, P-value=0.0 shows that the
PIRS approach is also statistically better than the BS ap-
proach. Table 3 shows some product ideas generated by the
PIRS approaches for the cell phone experiment.

6 Concluding remarks

This research presents a cased-based reasoning (CBR) ap-
proach to generate new product ideas. A product is modeled
by 87 attributes based on the user-centered design (UCD)
paradigm. For each attribute, a product is assigned a 0-1
value. The higher the value, the more important is the
attribute. For a benchmarking product, some of its important
attributes are manually selected as keys for retrieving from
database the products that are “sufficiently relevant” to the
benchmarking product. The main functions of these re-
trieved products are taken as candidate new functions of the
benchmarking product. A prototype system of the proposed
approach, called PIRS (product innovation retrieval system),
has been implemented. Experiments show that the PIRS
outperforms the brainstorming approach in generating crea-
tive and valuable product ideas.

An extension of this approach is applying the PIRS to
enhance the productivity of the brainstorming technique.
That is, during a brainstorming process, a BS participant is
inspired by other participants as well as by the PIRS sys-
tem. Another extension is the development of an idea-
propagation mechanism. That is, for the products retrieved,
we can select some of them as the benchmarking products
to retrieved more new ideas.

References

1. Kuczmarski TD (1992) Managing New Products: The Power of
Innovation: Prentice—Hall, pp 33-35

2. Higgins JM (1994) 101 Creative Problem Solving Techniques:
The Handbook of New Ideas for Business: New Management
Pub. Co.

3. Osborn A (1963) Applied Imagination, Charle Scribners Son,
New York

4. Isaksen SG (1998) A review of brainstorming research: six
critical issues for inquiry. Monograph #302, Creative Research
Unit, Creative Problem Solving Group, Buffalo NY

5. Kankainen A (2003) UCPCD: User-Centered Product Concept
Design. Proceedings of the 2003 Conference on Design for
User Experience. San Francisco, California, USA, pp1-13

6. Nijssen EJ, Lieshout KFM (1995) Awareness, Use, and Ef-
fectiveness of Models and Methods for New Product Devel-
opment. Eur J of Mark 29(10):27-43

7. Geschka H (1983) Creativity techniques in product planning
and development: a view from West Germany. R&D Manage-
ment 13(3):8-25

8. Norman DA, Draper SW (1986) User-Centered System Design:
New Perspectives on Human—Computer Interaction. Lawrence
Earlbaum Associates, Hillsdale, NJ



10.

12.
13.

14.

15.

16.

17.

18.

19.

20.
21.

. Norman DA, (1988) Design of everyday things. New York,

NY: Currency Doubleday

Vredenburg K, Mao JY, Smith PW, Carey T (2002) A Survey of
User-Centered Design Practice. CHI 2002 Conference on
Human Factors in Computing Systems, Minnesota, USA,
pp471-478

. Gould JD, Lewis C (1985) Designing for usability: Key

Principles and what designers think. Commun ACM 28:300—
311

Buurman RD (1997) User-centered design of smart products.
Ergonomics 40(10):1159-1169

Bevan N (2003) Usability Net Methods for User Centered
Design: Human—Computer Interaction: Theory and Practice
(part 1), Proceeding of HCI Int. 2003, Lawrence Erlbaum,
pp434-438

Vredenburg K, Isensee S, Righi C (2002) User-Centered
Design: An Integrated Approach, Prentice—Hall

Daly—Jones O, Bevan N and Thomas C (1999) INUSE:
Handbook of User-Centered Design: Serco Usability Services,
Teddington

Poulson D, Ashby M, Richardson S (1996) USERfit: A prac-
tical handbook on user-centered design for assistive technology.
Tide European Commission

Corry DM, Frick TW, Hansen L (1997) User-Centered Design
and Usability Testing of a Web Site: An illustrative Case Study,
45(4):65-76

Burmester M, Beu A, Hackl H, Niederer F (2002) User
centered design for a digital welding machine. Behav Inf
Technol 21(5):321-326

Kontogiannis T, Embrey D (1997) A user-centered design
approach for introducing computer-based process information
systems. Appl Ergon 28(2):109-119

Vredenburg K (2003) Building ease of use into the IBM User
experience. IBM Syst J 42(4):517-531

Marling C, Sqalli M, Rissland E, Munoz—Avila H, Aha D
(2002) Case-Based Reasoning Integrations. Al Mag 23(1):
69-86

22.

23.

24.
25.
26.

27.

28.
29.

30.
31.

32.

33.

173

Aamodt A, Plaza E (1994) Case-based reasoning: foundational
issues, methodological variations, and system approaches. Al
Commun 7(1):39-59

Kolodner JL, Leake DB (1996) A Tutorial Introduction to Case-
Based Reasoning: Experiences, Lessons, and Future Directions,
ed. Leake DB, 31-66. Menlo park , Calif: AAAIPress
Watson I, Marir F (1994) Case-based reasoning: a review. The
Knowl Eng Rev 9(4):327-354

Mantaras RL, Plaza E (1997) Case-based reasoning: An
overview. AT Commun J 10(1):21-29

Belecheanu R, Pawar KS, Barson RJ, Bredehorst B, Weber F
(2003) The application of case-based reasoning to decision
support in new product development. Integr Manuf 14(1):
3645

Trousse B, Visser W (1993) Use of case-based reasoning
techniques for intelligent computer—aided—design systems. In,
Proceedings of the IEEE Int Conference on Systems, Man and
Cybernetics 1993, 3:pp513-517

Maher ML, Garza AGS (1997) Case-Based Reasoning in
design. IEEE Expert, March—April:34-41

Bilgic T, Fox MS (1996) Constraint-based retrieval of
engineering design cases: Context as constraints: Gero J and
Sudweeks F (eds) Artificial Intelligence in Design ‘96, Kluwer
Academic Publishers, pp269-288

Maher ML, Balachandran MB, Zhang DM (1995) Case-Based
Reasoning in Design, Lawrence Erlbaum, Hillsdale, NJ
Nede8 C, Jacob U (1997) A case-based reasoning approach
towards learning from experience connecting design and shop
floor. Comput Ind 33:127-37

Goel AK, Bhatta SR, Stroulia E (1997) KRITIK: an early case-
based design system, in Maher ML and Pu P.(Eds), Issues and
Applications of Case- based Reasoning to Design, Lawrence
Erlbaum Associates, Hillsdale, NJ, pp87-132

Besemer SP, O’Quin K (1986) Analysis of creative products:
Refinement and test of a judging instrument. J Creat Behav 20
(2):115-126



	A case-based reasoning approach to generating new product ideas
	Abstract
	Introduction
	Relevant literature
	Brainstorming
	User-centered design
	Case-based reasoning

	Product representation
	Interface modality
	Task
	Physical feature
	Environment
	Users

	Generation of new product ideas
	Computing relevance metric
	Procedure of CBR

	Experiment
	Subjects for experiments
	Product database
	Experiment procedures
	Evaluation method
	Result comparison

	Concluding remarks
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


