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Abstract

Using current data-mining technologies, we analyzed 3712 papers submitted from 2002-2017 at the
International Conference on Engineering Design and International Design Conference. We have
explored various research questions and propose an approach for analyzing a great number of papers
on product engineering and use them for respective research. Here, we show examples of how data
mining can be used to support the user in carrying out literature research. However, one is particularly
clear: The user must always critically question the results with his intelligence in order to derive
findings.
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1. Introduction

If you have the honor of regularly reviewing papers and research proposals, there is one thought that
comes to mind: we as product engineering researchers are not too creative to come up with suitable
introductions to our research papers. Many papers begin with the notion: "the world is so complex and
in order to deal with it, we need our research".

Up to now it was tedious work to empirically confirm this impression and therefore not worth the effort.
Thousands of papers would have to be read and analyzed to examine whether the notion would be
repeated and, if so, how often. Thanks to modern analysis tools, this is no longer necessary. We can use
data mining to analyze large data sets and draw conclusions for our research.

In this paper we consider two aspects. On the one hand, we would like to get to the bottom of the
question, if this postulated standard introduction is actually often used, and on the other hand, we present
an open source project that enables scientists to analyze large number of papers on product engineering
and use them for their respective research.

2. Background

In the twenty-first century, text mining has become more and more popular due to the successful
development of information technology. New technologies and software products open new possibilities
to structure and analyze large data sets and help to interpret and understand them. In this chapter we will
give an overview over the state of the art in text mining tools and methods for data analysis.

2.1. Overview about current data mining software solutions

There is already a lot of software on the market to assist researchers with qualitative and quantitative
data analysis. Most applications offer important features for text analysis like the import of different
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range of data sources, coding of text and images as well as analysis tools that can represent
information as meaningful diagrams, charts, or maps. They can help researchers in different situations
with a quick search for relevant information, assist in coding, or in providing powerful analysis
results. There are different applications available on the market such as RapidMiner, KNIME, Orange,
MAXQDA, nVivo, Atlas, Dedoose, QDAMiner V5 etc. It is important to note, that the data
preparation is very time-consuming and has major influence on the quality of analysis results.
Therefore, several issues must be considered in order to choose the right software that is suitable for
the analysis objectives. In the following a quick introduction to different text mining tools with their
strengths and weaknesses will be presented.

RapidMiner is a popular free text and data mining tool, written by Java language. It provides some
extensible data analysis and mining algorithm implementation, aiming at helping developers create
intelligent applications more conveniently and more quickly. In addition to data mining, RapidMiner
also provides functions such as data pre-processing and visualization, prediction analysis and
statistical modeling.

KNIME (Konstanz Information Miner) is an open source data analysis, report and synthesis platform,
written by Java. It has all data mining tools for data extraction, integration, processing, analysis,
transformation and loading. In addition to that, it has a graphical user interface that can help users to
easily connect nodes for data processing. It combines the various components of data mining and
machine learning, which is very helpful for business intelligence and financial data analysis. Also, users
can easily extend the KNIME by adding additional functionality at any time.

Orange is an open source data mining and machine learning tool, whose graphical environment is called
the Orange canvas (Orange Canvas). Besides the advantages of friendly interface and ease of use, the
strength of Orange lies in providing a large number of visualization methods, displaying data and models
in various ways and searching for suitable visual forms intelligently to support the interactive
exploration of data. In addition to that, it contains a complete set of components for data pre-processing
and provides functions of data accounting, transition, modeling, pattern evaluation and exploration. In
addition to the several open source data and text mining software mentioned above, there are many
charged qualitative analysis software.

NVivo is a powerful qualitative analysis software solution, which can effectively analyze various types
of data format, such as word, text, image, voice or video.

ATLAS.ti is a powerful and worktable tool for qualitative analysis of large volume text, image, audio
and video data. This tool can organize, integrate and manage the information in a creative and systematic
way. Dedoose is a software to analyze qualitative and mixed methods research. The data in form of text,
photos, audio, videos, spreadsheets and more can be analyzed. It is more suitable for projects that require
team work.

MAXQDA is a software for qualitative analysis from VERBI Company. With this software users can
encode, classify, visualize, and share information from interviews, text, video or audio data. All most
widespread languages are supported.

QDA-Miner V5 is a qualitative data analysis tool from Canadian Provalis Research Company. Small
and large collections documents and images can be easily coded, annotated, retrieved, and analyzed.
Furthermore, the data can be imported directly from web surveys platforms, social media, email
providers or reference manager tools. Through powerful search functions such as keyword search,
section retrieval, query by example with learn function etc., the analysis can be done faster and with less
rework effort.

2.2. Methods for text analysis

Mabogunje et al. (2002) have analyzed 717 papers submitted from 1999-2001 at the International
Conference on Engineering Design (ICED). The target was to improve the classification of papers and
workshops at ICED conferences through establishing a profile for each paper and their association with
relevant topics. For this purpose, the authors defined an ontology for product development processes
and searched for specified words in the first few lines of all documents (for example, in the title), how
frequently they occurred in all documents and the appearance of all defined specific words. An indexing
tool was used for the analysis, which is utilized by major internet search engines.
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Elsevier's Analytical Services (2017) have analyzed in their study 53,633 publication (articles,
reviews and conference proceedings) submitted from 2010-2015 by EPSRC (Engineering and
Physical Sciences Research Council). The focus was on the analysis of bibliometric data based on
advanced indicators such as field-weighted citation impact (FWCI), citation percentiles, collaboration
of authors etc.

(Li et al., 2009) applied distribution of words in article titles, author keywords to evaluate trends in
research topics. (Zhang et al., 2010) used certain words in the abstracts of papers to determine research
trends. (Mao et al., 2010) applied a word cluster analysis to find the research hotspots for specific
topics.

3. Methodical approach

According to the current state of research, there are various commercial tools for data mining and these
can also be used for scientific analyses. However, such an approach has not yet been transferred to
Design Society papers, thus it is not available for the analysis of research papers. Therefore, an approach
is needed that is able to adopt this analysis software, in order to use it to review literature. Initially the
analysis of the lines of argumentation in introductions should demonstrate the potential and
subsequently be made available as a method of analysis. The following research questions are derived
from these considerations:
1. What percentage of the papers on methods of development starts with the introduction that our
research aims at coping with complexity?
2. How must the data be modeled so that such analyses can be answered with the help of data
mining?
3. How can this data analysis approach be used to carry out further analyses in the context of product
engineering?

First, a specific example is shown in order to provide the readers with all relevant information and to
show the possibilities of data mining in an exemplary way. The findings of this specific example will
be used in the next step to derive a data structure model accordingly. In the final step, the methodological
procedure and the data structure model are evaluated using various examples.

For our analysis, we selected QDA-Miner V5 tool. It can process large quantities of files without having
a system crash and find the data we need more effectively through its powerful search function. The
important content can be automatically identified and easy coded. Through different add-on softwares,
the data can be effectively analyzed and organized. Besides, there are many ways to visualize the data
in order to understand difficult interrelations.

The papers of the ICED and DESIGN conferences of the last 15 years were uploaded. A total of 3712
papers were analyzed. The distribution is shown in Figure 1.

Total: 3712
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Figure 1. Number of uploaded publications for analysis with data mining

Only the papers of the year 2009 could not be uploaded. There were problems with formatting.

As the central conferences of the Design Society the conferences ICED and DESIGN were chosen, since
many results and a relatively broad research of product engineering are published in the scope of these
events. An empirically sufficient number of papers was analyzed. The analysis of 3712 papers produced
valid results in the population of the Design Society Paper.
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4. Results

4.1. Analysis of the ICED and DESIGN papers introduction

In the analysis of the 3712 papers of the ICED and DESIGN conferences since 2002, it was found that
in chapter 1 in 1337 papers the term complex is mentioned. Many papers start with an observation that
is presented as change at the time: “The automotive industry is in a period of upheaval”. However, the
analysis of the development over time shows that the progression has remained almost constant over the
last 15 years (see Figure 2). It also shows that if everyone always uses complexity as a justification, this
does not make differentiation possible.

Total: 3712
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Figure 2. Percentage number of papers of a conference, that mentions complexity in
the introduction

So it seems to be a recurring thought that is well known to readers and reviewers. Analyzing the list of
potential reviewers under the assumption that reviewers themselves have written at least 5 papers at the
Design Society's central conferences before they work as reviewers. This leaves 171 authors of the
conferences. Of these people, 92% have themselves once chosen the argument of complexity in their
introduction. Figure 3, for example, lists the 20 authors with the most publications. All these authors
have already stated this thought in the introduction, as well.
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Figure 3. 20 authors with the most publications at the ICED and Design Conference
since 2002 and mentioning of complexity in introduction

It seems to be a well-known phenomenon. Nevertheless, a lot of space and time is used for this. Figure
4 shows the length of the different introductions. Thus, most papers have between 201 and 400 words
and the average introduction of ICED and DESIGN conferences contains 475 words.
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Figure 4. Clustered number of publications according to length of introduction

If you line up all the introductions that mention this thought, it results in more than 600,000 words. This
draws up resources for writing and reading. The question arises as to how these resources can be better
used in the context of introductions. Here are some examples that can be used as alternative
introductions: 1) Tell a story; 2) Use a picture; 3) Describe the failure of a product; 4) Present a future
scenario; 5) Use an optical illusion; 6) Tell an anecdote; 7) Show a paradox; 8) Make use of analogies
However, if it is to be the usual introduction, we would suggest the following short, space-saving
sentence for future introductions: Like in 35% of the papers published in our community: The world is
complex, therefore our research is needed.

4.2. Methodology to analyze conference papers using QDA-Miner

In order to answer defined research questions in Chapter 3, 3712 publications from ICED and DESIGN
Conferences should be prepared for the analyses. The analysis consists of six main steps (see Figure 5).
First the structure of the two conference papers is analyzed. It turns out that the two conferences have
the same structure. Thus, the conference name, year and location are at the top, followed by the title of
the publication, author, abstract and keywords.
Next, the goals of the analysis have to be defined. It is important to consider as early as possible which
questions should be answered by the analyses, so that the data can be prepared accordantly. For example
the targets in the previous chapter were:

1. Determine % of paper with the word complexity in introduction

2. Determine average number of words in introduction

3. Determine 20 authors who have published the most and how often they used complexity in

introductions

Once the goals are set, the variables and text passages required for the analysis can be identified. In our
case the variables year, place and conference title and as text passages title of the paper, author, abstract,
keywords, introduction and references were identified. Furthermore in this case one goal was to look
for the occurrence of the word "complexity" in introductions, therefore it is necessary to encode this
chapter properly. QDA-Miner offers a helpful function with which certain text digits could be coded
automatically. However, therefore the signal word has to be unambiguously identified and all
publications have to use the same words for the first and second chapters, which cannot be assumed.
Therefore, all papers are prepared accordingly in the next step before importing them into QDA-Miner.
By using visual basic application (VBA) specific symbols (“++1++") before chapter one and (“++2++”)
before chapter two were added.

After the successful import of all publications into QDA-Miner all relevant text passages and
variable texts can be encoded by using different software functionalities. After each search, it is
important to check the results briefly for quality, so that the analysis is not subsequently influenced.
As soon as all necessary content is encoded, analyses can be carried out in the next step. By using
the function called “Analyze”, those variables and codes can be for example visualized as bubble
charts or heat maps.
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Figure 5. Six steps for analyzing of conference papers

4.3. Analyses with data mining

Once the data has been imported into the model, further analyses can be carried out with little effort. In the
following, individual examples will be presented in order to introduce starting points for possible analyses.
These can be of a general nature, such as identifying the most popular keywords at conferences. These
are shown as examples in Figure 6.

PRODUCT DEVELOPMENT
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DESIGN METHODS
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KNOWLEDGE MANAGEMENT
DESIGN METHODOLOGY
CONCEPTUAL DESIGN
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DESIGN THEORY
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SYSTEMS ENGINEERING
INFORMATION MANAGEMENT
PRODUCT ARCHITECTURE
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Figure 6. Most popular keywords at conferences
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It becomes apparent that product development is a common but probably relatively general keyword
and that the development of specific systems is not so much the focus of research, although research on
real world problems is especially important for the validation of methods.

In addition to general analyses such as finding keywords or references in introductions, the approach
can also be used to support specific research projects. The approach is illustrated below using an
example from our current research. The InnoFox (Albers et al., 2015) application for situation-specific
recommendations for methods has been developed in recent years. Processes in companies were
analyzed manually; various methods were identified, clustered and empirically verified on the basis
of literature research. The following paragraph illustrates how these methods could have been
identified more efficiently using data mining. For this purpose, the approach shown in Figure 7 is
suitable.

® @ ® O, ®

Framework based Identification of the entifisationiofithe most Assignment of methods

lusteri f th relevant methods per frequently found atithors
G usnfztr:lgo:s = e, P! per selected method & to genericssituations

e xa @ | R

Figure 7. Methodical approach for a data mining based literature research on
development methods

Text Mining based search
for relevant methods

In the first step, all papers are scanned for methods using Text Mining. The result represents an
unordered list of all methods mentioned. Following (Albers et al., 2014), the methods are clustered
using the framework: Analysis methods, Creativity methods, Evaluation methods, Planning and
control methods, Methods for rework and learn. In the next step, the three most frequently
mentioned methods of the respective cluster are identified in order to integrate a representative
number of interesting sources into the further selection process. The fourth step represents the
identification of the three most active authors in this context and to find exemplary papers. The fifth
step is to allocate the exemplary methods to generic situations of product engineering following the
12 macro activities of the IPEM - Integrated Product Engineering Model: Project planning,
Validation and verification, Knowledge management, Change management, Product Profile
detection, Product Idea detection, Modelling of principle solution and embodiment, Prototype
building, Production, Market launch, Analysis of Utilization, Analysis of Decommission. Figure 8
shows the result of the fourth step of these Data Mining analyses. The three most frequently used
methods per cluster are applied vertically. The three most active authors with exemplary papers for
each method complete the table horizontally. Moreover, this graphic can serve as a starting point
for further literature analysis, similar to the literature review paper. With this data mining-based
selection, the researcher has a manageable number of interesting methods and exemplary papers for
manual review.

In the context of the Innofox, it was particularly interesting to see which of these methods can be
used in which situation. As a framework for describing the situations, the IPEM - Integrated Product
Engineering Model is used. For this purpose, all methods had to be analyzed in detail and allocated
to the generic situations (see Figure 9). With the help of data mining, however, an automated
analysis can now be carried out by semantic assignment. Hence, additional semantic elements, such
as customer-relaxance or market situation have been added for example to the activity Product
Profile detection. In this way, an initial classification for the Innofox could already have been
carried out with the help of data mining. This would have saved a lot of time. This approach can be
applied to a variety of questions and can contribute to efficiently narrow down topics.
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Total Number

Author 1

Author 2

2004)

(Horvath, 2011)

Author 3
of found (number of papers & | (number of papers & | (number of papers &
papers example papers) example papers) example papers)
Analysis methods
Quality Function 204 U. Lindemann (13), e.g. H(Z?;:k:r?cfjeéi(rlg)c;fz.rg. T. Sakao (8), e.g.
Deployment (Lindemann et al., 2016) 2013) ’ (Sakao et al., 2005)
Finite element 66 A. Albers (2), e.g. M. Lotz (2), e.g. M. Steinert (2), e.g.
method (Albers et al., 2007) (Lotz et al., 2005) (Steinert et al., 2015)
Contact and 22 A. Albers (12), e.g. N. Burkardt (3), e.g. H. Binz (1), e.g.
Channel (Albers et al., 2011) (Burkardt et al., 2005) (Binz et al., 2015)
Creativity methods
TRIZ 238 U. Lindemann (11), e.g. F. Rotini (9), e.g. Y. Reich (5), e.g.
(Lindemann et al., 2016) (Rotini et al., 2016) (Reich et al., 2003)
User experience 186 N tL?Sg:;g:n(?r;:g- .C' Kim (4), e.g. P. thlds (3). &g
Michailidou, 2016) (Kim and Cho, 2017) (Childs et al., 2017)
. . U.Lindemann (19), &.9. | gyan (2), e.g. C. Hollauer (2), e.g.
Open innovation 101 (Lindemann and Eki tal. 2011 Holl tal. 2017
Boehmer, 2015) (Ekman et al., ) (Hollauer et al., )
Evaluation methods
Life Cycle 136 H. Birkhofer (8), e.g. A. Chakrabarti (6), e.g. F. Vallet (5), e.g.
Assessment (Birkhofer et al., 2004) |(Chakrabarti et al., 2015) (Vallet et al., 2017)
. . H. Birkhofer (3), e.g. A. Bohn (3), e.g. R. Engelhardt (3), e.g.
Risk Analysis 110 (Birkhofer etal., 2011) | (Bohnetal, 2011) | (Engelhardt et al., 2011)
J. Gausemeier (6), e.g. .
Virtual prototyping 79 (Gausemeier et al., . Horvéth (5), e.g. C. Weber (4), e.9.

(Weber et al., 2012)

Planning and control methods

Design for X

301

U. Lindemann (17), e.g.
(Lindemann and Nissl,
2005)

S. Wartzack (14), e.g.
(Wartzack and
Schleich, 2013)

D. Krause (11), e.g.
(Krause and Ripperda,

Modularization

225

D. Krause (21), e.g.
(Krause and Eilmus,
2011)

U. Lindemann (19), e.g.
(Lindemann, 2007)

2014)

H. Birkhofer (15), e.g.
(Birkhofer et al., 2003)

Design for
environment

106

H. Birkhofer (11), e.g.
(Birkhofer and Ernzer,
2003)

C. Amaresh (3), e.g.
(Amaresh and Srinivas,
2007)

F. Vallet (2), e.g.
(Vallet et al., 2015)

Methods for rewo|

rk and learn

Knowledge
engineering

104

M. P. Weiss (3), e.g.
(Weiss et al., 2004)

U. Lindemann (2), e.g.
(Lindemann et al., 2017)

Bergsjo Dag (2), e.g.

Knowledge Gap

30

D. Bergsjo (3), e.g.
(Bergsjo et al., 2017)

A. Hari (2), e.g.
(Weiss and Hari, 2003)

(Bergsjo et al., 2017)
M. P. Weiss (2) , e.g.

Matrix organization

14

M. Norell (3), e.g.

J. Pilemalm (1), e.g.
(Pilemalm and Velin,

(Norell et al., 2003)

(Weiss et al., 2002)

M. Léwer (1), e.g.
(Lower, 2017)

2003)

Figure 8. Most frequently mentioned methods per cluster and most active authors in

this area with exemplary papers
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Analysis methods
Quality Function Deployment 16% | 2% | 0% | 23% | 30% | 12% | 0% | 1% | 10% | 0% | 5% | 0%
Finite element m ethod 9% | 6% | 4% |40% | 4% |17% | 0% | 9% | 6% | 0% | 6% | 0%
Contact and Channel 15% | 3% | 2% | 42% | 10% | 16% | 0% | 1% | 9% | 0% | 0% | 0%
Creativity methods
TRIZ 13% | 2% | 2% | 26% | 17% | 25% | 0% | 2% | 8% | 0% | 4% | 0%
User experience 14% | 3% | 1% |24% | 24% | 14% | 0% | 11%| 4% | 0% | 5% | 0%
Open innovation 1% | 2% | 4% | 24% | 25% | 19% | 1% | 5% | 5% | 0% | 5% | 0%
Evaluation methods
Life Cycle Assessment 13% | 1% | 1% | 21% | 15% | 15% | 0% | 2% |30% | 0% | 3% | 0%
Risk Analysis 25% | 3% | 1% | 28% | 19% | 10% | 1% | 5% | 8% | 0% | 2% | 0%
Virtual prototyping 12% | 3% | 1% | 19% | 11% 1 11% | 1% |33%| 6% | 0% | 3% | 0%
Planning and control methods
Design for X 14% | 1% | 2% | 28% | 19% | 14% | 0% | 2% | 16% | 0% | 4% | 0%
Modularization 17% | 2% | 1% | 25% | 20% | 14% | 0% | 2% | 13% | 0% | 5% | 0%
Design for environment 13% | 0% | 1% | 22% | 20% | 12% | 0% | 2% |24% | 0% | 4% | 0%
Methods for rework and learn
Knowledge engineering 6% | 5% | 15% | 371% | 9% |16% | 0% | 4% | 7% | 0% | 2% | 0%
Knowledge Gap 16% | 2% | 5% |21%|30% | 9% | 2% | 5% | 9% | 0% | 0% | 0%
Matrix organization 19% | 5% | 3% | 22% | 14% | 14% | 0% | 0% | 16% | 0% | 8% | 0%

Figure 9. Method classification in the macro activities of the IPEM

5. Discussion and outlook

The exemplary analysis of our introductions is not without irony. Nevertheless, the paper shows what
new possibilities data mining opens up for the type of our literature analyses. For the use of data mining
techniques in the context of literature analyses, we would like to draw your attention to the necessary
preparatory work, the definition of research questions as well as the continuous and critical discussion
of the results. It should be emphasized that a series of time-consuming preparatory works is required to
carry out analyses of this kind. This preparatory work ranges from the acquisition of the required data
sets, their preparation and formatting as well as the development of a corresponding data model, which
is suitable for analysis. In addition, it is particularly beneficial to define the research questions to be
answered at an early stage, since this enables a purpose-oriented structure of the data model and useless
preparatory work can be reduced. Another aspect for the use of data mining is the continuous and critical
interpretation of the generated results by the intelligent user. Overall, comparative data should be used
to examine the fundamental validity of the analyzed data. Here, too, however, is the focus on the aim of
the research: If, for example, only qualitative statements on wider trends are to be derived, small
deviations between the data sets are acceptable in order to guarantee a corresponding cost-benefit ratio.
With his intelligence, it is the essential task of the user to ensure the necessary quality of the data. In
addition, the intelligence of the user is particularly important for interpreting the results of the data
mining analyses: The generated results must always be placed in the context of the use case in order to
derive specific findings and make them available for further use. For example, the introductory example
looked for the word complexity in introductions. This does not necessarily mean that the line of
argumentation followed our assumption. The use of this approach would also have shown, for example,
that this paper uses the word complexity in the introduction. Such deviations must, of course, be taken
into account and assessed against the background of their purpose. On the whole, these findings motivate
further research work in the field of text mining. In the next step, we want to develop a new method that
supports the user, as a central, intelligent element of the analyses, in the use of Data Mining.

Specifically, a supporting tool is to be provided to the user, which will make the use of Data Mining
more efficient and effective. Corresponding approaches for this are the systematic derivation of research
questions, the structured modeling of the data model as well as a leading process for critical discussion
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of the results in order to be able to derive specific findings. Together as a community, the in this way
developed research method can be used and further developed in the medium term in order to obtain a
targeted and significantly more efficient overview of current research in progress. Authors can be further
assigned, additional conferences and journals can be added or country-specific versions of the data set
can be created. The long-term goal is to provide a value-added research method and research database
for product engineering by using open source. With the help of such an approach, the researcher cannot,
of course, be relieved of the work of reading the papers. However, it is precisely the finding of really
interesting literature that demands many man-hours. Therefore, the approach should be used to make
the search for suitable literature, its evaluation and summary more effective and efficient. The used
method was applied for the first time and therefore needs to be improved iteratively. This will be shown
in the Future Works.
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