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Abstract

Engineering design reviews, which take place at predetermined phases of the product development process, are fundamental
elements for the evaluation and control of engineering activities. These meetings are also acknowledged as unique oppor-
tunities for all the parties involved to share information about the product and related engineering processes. For product
development teams, the knowledge generated during a design review is not as secondary as it may seem; key design deci-
sions, design experiences, and associated rationale are frequently made explicit. Useful work has been carried out on the
design review process itself, but little work has been undertaken about the detailed content of the meeting activity; it is ar-
gued that understanding the transactions that take place during a meeting is critical to building an effective knowledge-
oriented recording strategy. To this effect, an extensive research program based on case studies in the aerospace engineering
domain has been carried out. The work reported in this paper focuses on a set of tools and methods developed to characterize
and analyze in depth the transactions observed during a number of case studies. The first methodology developed, the tran-
script coding scheme, uses an intelligent segmentation of meeting discourse transcriptions. The second approach, which
bypasses the time consuming transcribing operation, is based on a meeting capture template developed to enable a meeting
observer to record the transactions as the meeting takes place. A third method, the information mapping technique, has also
been developed to interpret the case study data in terms of decisions, actions, rationale, and lessons learned, effectively gen-
erating qualitative measures of the information lost in the formal records of design reviews. Overall, the results generated by
the set of tools presented in this paper have fostered a practical strategy for the knowledge intensive capture of the contents
of design reviews. The concluding remarks also discuss possible enhancements to the meeting analysis tools presented in
this paper and future work aimed at the development of a computer supported capture software for design reviews.

Keywords: Design Control Activities; Information and Knowledge Management; Information Capture; Meetings; Team
Communication Analysis

1. INTRODUCTION

Large corporations are facing increased competition in the
global market place, and their engineering departments
have to constantly improve their work strategies to produce
higher quality products in less time. Product development1

teams are therefore pushed to enhance their practices to match
current industrial trends in terms of multidisciplinary involve-
ment, integration of tools and processes, and worldwide dis-
tribution of partners and stakeholders. To meet the implicit re-
quirements imposed by “global” teamwork, meetings in the

workplace have therefore multiplied in various forms over
the years, but most stakeholders involved frequently have con-
cerns as to their usefulness (Little, 2004). There have been a
number of studies of face-to-face meetings spanning many re-
search areas, but it is of interest that the topic has never, in it-
self, drawn much attention in the engineering design commu-
nity. The work presented in this paper focuses on a specific
type of meeting, namely, design reviews. These meetings
are key elements of the design control process and are imple-
mented across product development activities to assess prog-
ress and verify the quality of the work achieved. Design re-
views in the aerospace sector are highly structured to follow
precise company guidelines imposed by the international
standard IEC 1160 (International Electrotechnical Commis-
sion, 1992) and adopted by national standards institutions,
for example, BS 5760-14 (British Standards Institution,
1993) and CSA 1160-96 (Canadian Standards Association,
1996).
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In practice, they are events in the product development pro-
cess (PDP) in which, among other things, key collaborative
decisions and their rationale are made explicit (Huet et al.,
2004). Formal representations (or models) of the PDP can
be found in abundance in engineering research literature
(for a complete review see Wynn & Clarkson, 2005). In the
widely used stage–gate process defined by Cooper (1993),
a gate is a decision point that divides the PDP into discrete
stages. The associated stage–gate model therefore explicitly
places design reviews, also referred to as gates or milestones,
across a stage-based view of the PDP. Of course, the number
of milestones varies from one company to another. Phillips
et al. (1999) carried out a study with six different companies.
These companies had adopted formal processes divided into
phases or gates ranging from 4 to 10. According to the find-
ings, it was established that a higher number of gates in the
design and development stages improves the ability to review
product cost and performance. In contrast, too many reviews
can quickly become a counter productive issue for the project
team, and there is therefore a need to balance and optimize
the control process by operating with appropriate cross-
functional teams, involving the correct variety of stakeholders
over the life of a project (Phillips et al., 1999). Figure 1 is based
on the stage–gate decomposition of the PDP and also illustrates
the iterative nature of the information2 flowing between tasks
in a concurrent engineering approach (Womack et al., 1990;
Clark & Fujimoto, 1991) to product development.

The finalized information exchange flows depicted in Fig-
ure 1 are typically embodied in what engineers call “deliver-
ables.” The effective management of the uncertain or incom-
plete information flows that occur between the preliminary
information and the finalized information exchanges, illus-
trated in this figure, is a complicated issue for the improvement
of information and knowledge services for engineers (Krish-
nan et al., 1997). Within this generic view of the PDP, design
reviews provide a unique “information synchronization”
point in the development of a product where the manufacturer
and its suppliers can share information about the design and
collaboratively evaluate the progress. The storage and archiv-
ing of the information and the subsequent knowledge3 gener-
ated during this type of event is increasingly important, and
has to be considered as a major issue in the development of
information and knowledge management tools for engineers
(Bradley & Agogino, 1990; Court et al., 1996; Marsh, 1997;
Boston, 1998).

Although the design review process has been studied ex-
tensively, as discussed briefly above, little has been done to

investigate the efficient capture of the contents of design re-
views. The formal record of the discussions that have taken
place during the meeting is normally embodied in the “min-
utes.” The literature associated with minute taking is very
general and comes from the management sector; Weynton
(2002), Streibel (2003), or Tropman (2003) are good exam-
ples. Hence, to further develop a precise understanding of
minute-taking practices in engineering design, a short ques-
tionnaire was distributed in 2005 to 5 industrial contacts in
major aerospace companies who then forwarded the message
to colleagues working in the same sector. The survey even-
tually reached 10 different aerospace companies and suppli-
ers based in Canada and in Europe, with the aim of providing
the authors with background on current practices and pitfalls
of minute taking in the aerospace industry. Some 50 engi-
neers replied to a set of 17 questions. Most of the respondents
studied engineering in the United Kingdom, Canada, or
France, and are now practicing engineers with an average of
15 years’ experience in the aerospace sector. Overall, the
primary activities in which the respondents are involved
can be clustered as follows: 46% have a management role,
40% a design role, and 14% a manufacturing role. It is not
the intent of the authors to detail the results of the survey;
these are available in Huet et al. (2006). However, the results
are very relevant to the thrust of this paper and unequivocal;
namely, engineers learn to take minutes by experience and
only truly value the actions list, the practical side of minute
taking. In addition, they respect the role of meeting records
in the design process but are not given the right tools or train-
ing to take full advantage of the information richness of de-
sign reviews.

From these preliminary observations on design reviews,
the essential issue that stands out in the improvement of infor-
mation and knowledge management practices for engineers is
“How is it possible to record aerospace design reviews to cap-
ture the important knowledge elements for further reuse?”
This question has therefore guided the research reported in
this paper. The following sections propose a fresh under-
standing of these formal meetings based on industrial and
academic case studies in the aerospace domain, and outline
a framework so that design reviews can efficiently support
the product development environment described in this intro-
ductory section. The next section presents the research ap-
proach adopted to take advantage of the case studies. Section
3 reviews the relevant literature on the study of engineering
meetings, which has led the authors to build a unified set of
criteria for meeting analysis (Huet et al., 2004) and to propose
a specific conceptual characterization of aerospace design re-
views. Section 4 details the three meeting analysis tools de-
veloped for the purpose of this research: the transcript coding
scheme (TCS), the meeting capture template (MCT), and the
information mapping technique (IMT). Section 5 presents a
selection of results obtained using these different analytical
tools; the interpretations made are grouped according to three
complementary perspectives on the design reviews moni-
tored: communication processes, information processes, and

2 The concept of “information” is viewed from an object-oriented perspec-
tive. It is therefore defined as an accumulation of data (visual, audio, or tac-
tile) interrelated by meaningful connections (Hoffmann, 1980), resulting in
an abstract representation of determinations made of objects (Derr, 1985).

3 Based on an interpretation of the New Oxford American Dictionary
(2005), knowledge is the understanding and ideas inferred by a body of facts
or information gathered by observation, education, or experience. In this pa-
per, the authors have taken the view that knowledge is therefore an intangible
concept, often expressed in a physical way through information (Buckland,
1991).
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knowledge loss. The final section will conclude this paper by
outlining an overall strategy to record design reviews and sug-
gesting possible enhancements to the analytical tools pre-
sented in Section 4.

2. RESEARCH APPROACH FOR THE DESIGN
TRANSACTION MONITORING (DTM)
PROJECT

Research in the field of mechanical engineering design has
often focused on studying the act of designing (Hales, 1987;
Finger & Dixon,1989; Minneman,1991). Because of the empiri-
cal nature of the design research field and the way that the act
of research may affect and influence the activity under study, it
is of utmost importance for researchers to be clear about their
methodology and the context from which the results have been
drawn. This section therefore provides a retrospective descrip-
tion of the research methodology employed by the authors,
which can be classified as a naturalistic observation approach
(Minneman, 1991) integrating the “interaction analysis”
method reported by Tang and Leifer (1996) but also focusing on
the various facets of in situ observations.

2.1. Rationale for the DTM research approach

Before detailing the research approach adopted, it is crucial to
outline the context of the work that will be reported in the rest
of this paper. The overall DTM project used three case studies
to establish the approach and build up the core data. The work

focused on the observation of design meetings and the case
studies are briefly detailed in the following paragraphs.

2.1.1. Case study 1: Observation of a student design team
at the University of Bath

The team chosen was composed of four undergraduate stu-
dents who had the task of redesigning a portable Brinell hard-
ness tester for a small company. Two academic supervisors
supported the students. Ten meetings were monitored in total:
8 were recorded on audiotapes and 2 were simply observed by
the author. This first case study was mainly an opportunity to
organize a simple recording methodology for meetings and
outline the foreseeable technical, organizational, and human
issues linked to the monitoring of design meetings in situ.

2.1.2. Case study 2: Design reviews at Airbus UK

Two “real” design reviews were monitored on site at Air-
bus UK: a requirement review (RR) and a preliminary design
review (PDR). Although the two meetings involved engi-
neers from the same department, these were related to differ-
ent aircraft programs. The detailed data collection taken from
these two reviews provided a unique insight into the industrial
realities of the aerospace design control process. The two Air-
bus UK design reviews were recorded on audio tapes and
transcribed completely by the authors. Although a number
of companies offer transcribing services, the level of spe-
cialization of the vocabulary employed and the number of abbre-
viations used in the discourse did not encourage the pursuit of
this service.

Fig. 1. A stage–gate decomposition of the product development process (PDP) in which information flows between tasks are represented
according to concurrent engineering practices according to Fortin and Huet (2007).
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2.1.3. Case study 3: The Centre for Aerospace Manpower
Activities in Quebec (CAMAQ) Project at the École
Polytechnique de Montréal

Fifteen graduate students participating in the CAMAQ Pro-
ject, a large-scale aerospace design effort, were monitored
during the whole length of the project in 2004–2005. This
hands-on project was developed with CAMAQ, IBM, and
three large aerospace companies based in the region of Mon-
treal: Bell Helicopter Textron Canada, Bombardier Aerospace,
and Pratt & Whitney Canada. This unique program is offered
at the École Polytechnique to students enrolled in an aerospace
engineering master’s degree. The project involves the redesign
of an aircraft engine pylon to enable the retrofit of a new engine
and is controlled by a design review process, in which a team
of industrial and academic experts review the design achieve-
ments presented by the graduate student team. To accomplish
their task, the participants use a dedicated workspace, the
CAMAQ Laboratory, which offers access to state-of-the-art di-
gital mock-up and product life cycle management (PLM) tech-
nologies. The monitoring of this project resulted in the acqui-
sition of a set of four design reviews: the RR, the concept
review (CR), the PDR, and the critical design review (CDR).
These were all videotaped and a complete archive of all the
documentation generated during the project was also kept.

Figure 2 depicts the overall DTM research approach in
which the three aforementioned case studies were involved.
The methodology can be divided into three cyclic motions:

“explore,” “tune,” and “interact.” The three DTM research
cycles constitute a naturalistic observation approach and
are, hence, mainly descriptive. They effectively integrate
the interaction analysis method in the “interact” cycle (Tang
& Leifer, 1996) but also focus on the various facets of in
situ observations. Here, the observation step can take place ei-
ther in a mockup environment (e.g., case studies 1 and 3) or
the researcher can observe the design team in their work en-
vironment (e.g., case study 2), which is evidently a configura-
tion more complicated to set up (Blessing & Chakrabarti,
1999). The exploration part of the research process is prob-
ably common to most disciplines; it is about positioning the
work in accordance to past research (“research”), gaining
an overall view of the domain of study (“synthesize”), and ap-
propriately using past findings in a new context (“develop”).
The tune cycle, in Figure 2, has been represented as a smaller
gear than the two others. This illustrates a higher iteration
speed of the process, where the theoretical techniques and ap-
proaches developed from the “explore cycle” (“develop”)
need to be adjusted (“adjust”) to the observations (“observe”)
made in the “interact cycle.”

2.2. Customizing the research methodology for each
case study

In practice, the three case studies monitored during the DTM
project fulfilled different objectives.

Fig. 2. The design transaction monitoring (DTM) research approach decomposed into three cycles.
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† Case study 1 helped to adjust the monitoring techniques
using simple recording equipment. Here, the methodol-
ogy was purely explorative and the naturalistic observa-
tion was essentially directed toward the understanding
of participant behavior when monitoring equipment is
introduced in the work environment.

† For case study 2 the data were collected on site with en-
gineers working on real projects. Of course, the use of
complete recording equipment was limited to audio
only. In addition, the “intervene” element was forced
out of the research approach to avoid disturbing the en-
gineers. The research methodology was therefore once
again very descriptive, but with a distinct objective: to
collect data in situ from a real design review situation.
The data collection taken from these two aerospace de-
sign reviews is quite unique, and the negotiation and
management of such a feat was, as one can imagine, a
long, difficult, but ultimately rewarding experience.

† Case study 3 provided valuable analytical data and a set-
ting where the three DTM research cycles could take
place. The monitoring equipment was complete with
cameras to record the transactions. Here, the researcher
was not only an observer but also a participant (fuel
line specialist). This double role provided an ideal op-
portunity to gather all the necessary data and to gain a
deep understanding of the engineering issues faced by
the project team. In addition, some of the analytical tools
developed during this research were trialed by other
members of the project team to complete the “interact”
cycle. In this case, the research approach can clearly
be considered as “action research” (Reason & Bradbury,
2001), where the researcher was part of the team of in-
dividuals under study.

Table 1 summarizes the role of each case study in the over-
all DTM research approach by outlining the details of the

meetings observed (number of meetings involved per case
study, average number of participants, and average duration),
the research objectives, the analytical tools developed and
used to acquire the data (TCS, MCT, IMT), and the research
cycles of the DTM approach involved in each case study.

The three analytical tools (TCS, MCT, and IMT) devel-
oped during these case studies will be described in Section
4. In the interim, it is important to outline the theoretical un-
derstanding of design reviews based on the “explore” cycle of
the DTM project. The next section will therefore present a re-
view of literature on engineering meetings and the concepts
used in an original framework to understand aerospace design
reviews from an information process perspective.

3. DESIGN REVIEWS: A SPECIFIC TYPE
OF ENGINEERING MEETING

Two main approaches have been used by researchers studying
meetings: trying to understand what goes on during meetings,
and creating tools to facilitate them. The survey results re-
ported in the introductory section suggest that the “minutes”
document, which constitutes the formal records of meetings,
is often very limited in the extent to which it captures the in-
formation exchanged. New means are therefore needed to
capture the design knowledge and experience generated dur-
ing these collaborative situations. To further the understand-
ing of the design review event, this section will develop a con-
ceptual representation of the information processes typically
involved in an aerospace design review. First, an overview
of related research in the field of engineering meeting analysis
will be presented in the following paragraphs.

3.1. The study of engineering meetings

Across the literature dealing with meeting analysis, six re-
search teams the University of Michigan, Project Nick, Projet

Table 1. Summary of the three case studies

No. of
Meetings

No. of
Participants Duration Research Objectives

Analyt. Tools
Used/Developed

DTM Research
Cycles Involved

Case study 1:
observation of
student design team
meetings 10 5–7 20–45 min

Test recording
equipment and
strategy

Acquire awareness of
monitoring issues

Transcribing Explore
Tune

Case study 2: Airbus
UK design reviews 2 9–13 2–3 h

Acquire industrial data
for detailed analysis

TCS Explore
Tune

Observe industrial
practices

IMT

Case study 3:
CAMAQ project
design reviews 4 20–25 2–3 h

Acquire data over the
duration of the
design phases of a
project

MCT Explore
Tune
Interact

Test research findings,
tools, and methods
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Eiffel, the Xerox Research Centre, the Knowledge Media In-
stitute (KMi), and the International Computer Science Insti-
tute (ICSI) have been studied in detail based on the relevance,
completeness, and rigor the work reported. Most of these re-
search teams include experts from both engineering and hu-
man sciences, and have produced a number of interesting
joint publications, for example, Reitmeier et al. (1999), Mor-
gan et al. (2001).

A detailed analysis of these research programs has been
summarized in Table 2. Overall, certain similarities were
noted. The common goals driving these projects can be sum-
marized as follows:

† the creation of collaborative tools to enhance meeting fa-
cilities (ICSI, Xerox, KMi, Project Nick),

† understanding how engineers work/think/operate in a
collaborative environment (University of Michigan,
Projet Eiffel, Project Nick), and

† the facilitation of meetings to avoid failure (Project
Nick, KMi, ICSI).

In Table 2, the “area of research” column shows the engi-
neering discipline at the heart of the research observations;
the “research objectives and outputs” reviews the overall
aim of the research team and summarizes the achievements

Table 2. Presentation of the six key approaches to meeting analysis

Research Team and
Related References

Area of
Research Research Objectives and Outputs Type of Meeting Research Approach

University of Michigan
Bekker et al. (1995), Olson et al.
(1993, 1996), Reitmeier et al.
(1999)

Computer
science

Objectives: outline content structure in
design meetings, verify if design rationale
schemes are useful as a process aid for
designers, develop methods to support
design

Outputs: description of the sequential
structure of design meetings, coding
scheme based on design rationale
activities

Software design, early
stages of the design
process, exploration of
the requirements

Naturalistic observation
and computational
research (action
research)

Project Nick
Cook et al. (1987), Ellis et al.
(1989, 1991)

Computer
science

Objectives: study of meeting failure,
develop new meeting technologies,
understand dynamics of meetings,
improving meetings

Outputs: categorization of software design
meetings, use of meeting tools,
premeeting/postmeeting/during-meeting
aids

Software design, early
stages of the design
process, exploration of
the requirements

Naturalistic observation
and computational
research (action
research)

Xerox
Elrod et al. (1992), Minneman
& Harrison (1993), Pedersen
et al. (1993), Minneman et al.
(1995), Moran et al. (1997)

Computer
science

Objectives: produce accurate records of
meetings, evaluate computational tools to
support collaborative work, describe
capture and salvage tools for meetings

Outputs: practical definition of “salvaging”
meetings, design implications of
salvaging

Peer review meetings,
assessment of new ideas
for intellectual
capitalization

Naturalistic observation
and computational
research (action
research)

Projet EIFFEL
D’Astous (1999), D’Astous
et al. (2000, 2001), Robillard
et al. (1998)

Computer
science,
cognitive
science

Objectives: define collaborative tools for
designers, research on collaborative
design activities

Outputs: development of methodologies for
the researcher and for the user based on
16 nationwide projects and 4 international
cooperations

Technical review meetings
in software design,
decision making

Protocol analysis

KMi
Conklin (2003), Dzbor &
Zdrahal (2001), Selvin et al.
(2001), Sierhuis & Selvin
(1996)

Computer
science, KM

Objectives: map complex thinking into
structured analytical maps, capturing
meeting rationale through IBIS grammar

Outputs: Compendium and QuestMap
software

Various types of meetings
in business and
government context

Prescriptive and
computational
research (action
research)

ICSI
Janin et al. (2003), Morgan et al.
(2001, 2003), Shriberg et al.
(2001)

Computer
science

Objectives: automatically capture contents
of meetings, develop a system that
passively captures and analyzes meeting
discourse and becomes an active
participant

Outputs: entity recognizer, topic tracker,
question identifier, multispeaker and
independent speech recognition

Research meetings in
speech recognition and
natural language
processing

Naturalistic observation
and computational
research (action
research)
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reported in the literature. The last two columns depict the re-
search environment (“type of meeting”) and approach (“re-
search approach”) taken by these research teams. The “meet-
ing type” column shows that most of the teams have studied
meetings in their domain of research, that is, computer sci-
ence or software design. Only the KMi team used a different
area of study (consulting company on governmental policy-
making). A majority of the case studies (University of Michi-
gan, Project Nick, Xerox) were directed toward meetings held
in the initial stages of the design process (prior to the speci-
fication of the requirements) where exploration and brain-
storming are key activities. Closer to the DTM case studies,
Projet EIFFEL studied technical review meetings in the soft-
ware design domain, with an emphasis on problem solving
and decision making. However, these meetings differ from
aerospace design reviews in many aspects, for example,
they are not guided by international standards, they do not in-
volve multidisciplinary teams (only software design engi-
neers), they are relatively short, and so forth.

The “research approach” column in Table 2 indicates the
various methodologies used by the six research teams to com-
plete their studies, based on the classification proposed by
Minneman (1991). The focus of the six research teams was
on the development of software tools to support collaborative
activities; thus, most have concentrated their efforts on a com-
putational approach including variable levels of prescriptive
research techniques to validate their prototypes. Nevertheless,
most of the teams have spent some time observing meetings
in a descriptive approach prior to the development of compu-
ter tools, especially in the case of Xerox and ICSI. Protocol
analysis has also been a source of data for some of the teams,
that is, University of Michigan and Projet EIFFEL. Because
of the objectives of the research and the nature of the case
studies, the DTM approach, as described in Section 2, differs
from these approaches as it essentially focuses on a naturalis-
tic observation methodology; here, the development of soft-
ware tools to support design reviews was not the priority.

Based on these past research projects in the field of meeting
analysis, one of the important practical aspects for an efficient
study of spoken discourse is the use of verbatim transcripts.
These enable the precise analysis of verbal transactions be-
tween participants based on a predetermined coding scheme.
The TCS developed for the purpose of the DTM case studies
will be the subject of Section 4, but its underlying coding cri-
teria are the result of a comparative study of the terms used in
the engineering domain for meeting analysis presented by the
six projects described here. The comparative study, reported
in Huet et al. (2004), first exposed the lack of cohesion among
the pool of concepts used by these research teams to describe
and analyze meetings. The comparison of the concepts en-
countered in the literature was then undertaken to build a uni-
fied view on the topic of meeting analysis, also reported in
Huet et al. (2004).

Another view on design meetings, focused specifically on
aerospace design review activities, was developed to represent
the information processes that are expected to take place during

the event. This information process-oriented model will be sum-
marized in Section 3.2 to characterize aerospace design reviews.

3.2. Characterization of design reviews
in the aerospace industry

A meeting can be seen as an activity where information ele-
ments are communicated, processed, and transformed (Ken-
nedy et al., 1997). It therefore appears as an important step to
build an overall model of the typical information processes
that are expected to occur during aerospace design reviews. It
is in this theoretical framework that the results from the DTM
case studies can be analyzed. The following subsections will
hence briefly present the communication and information pro-
cesses expected to take place during a design review, an infor-
mation process-oriented representation of an aerospace design
review based on integration definition for function (IDEF0)
modeling rules [National Institute of Standards and Technol-
ogy (NIST), 1993], and a review of the key knowledge ele-
ments that can be generated during this type of meeting activity.

3.2.1. Communication and information processes
in aerospace design reviews

The communication processes that take place during aero-
space design reviews are typically synchronous and the essen-
tial communication channel, speech, is a proven knowledge
production tool (Dong, 2006), systematically augmented by a
visual stimuli (three-dimensional models, sketches, docu-
ments, gestures, physical parts, etc.; Yen, 2000). The event
falls into the communication category of interface negotiation
(Eckert et al., 2005) where engineers working on the same pro-
ject are invited to share their opinions on predetermined issues.
Participants are also required to report on their work as part of
this formal problem handling situation (Eckert et al., 2005).

Using the information structure definitions outlined by
Gardoni (1999), spoken information shared during meetings
is typically of an unstructured nature, but in the case of design
reviews the process is usually structured around formal text-
ual and pictorial information inputs. Overall, a design review
can be seen as an information process where the elements
submitted, generated, and recorded can be clustered or cate-
gorized according to four product life cycle information
types: the product, the process, the resources, and the external
factors (PPRE; Labrousse, 2004). Figure 3 proposes an
IDEF0 parent diagram of the PPRE information elements re-
lated to the aerospace design review activity. This information
blueprint is a first step toward a generic understanding of the
information processes involved in aerospace design reviews.
The overall representation is inspired from an analysis of pro-
cedures and guidelines for design review activities provided
by the industrial partner for the DTM project and also from
the feedback supplied by the industrial experts supervising
the CAMAQ project (case study 3). The approach used to
represent this functional model of an aerospace design review
follows IDEF0 modeling rules (NIST, 1993), taken from the
perspective of the participants.
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The IDEF0 approach is well suited to organize information
elements related to a process or activity according to the
PPRE categorization scheme. Product and process informa-
tion are embodied in the inputs and outputs of the activity
box, resource information is placed in the mechanisms and
controls, and the external factors information is usually repre-
sented as a control for a given process (or activity box). Fig-
ure 3 depicts the overall controls (C1–C4), mechanisms (M1–
M3), and inputs (I1)/outputs (O1) involved in a formal aero-
space design review activity [“review the design achieve-
ments (A0)”]. The following definitions are used:

† “Level of confidentiality” (C1) is a control for all design
review activities with an impact on all the communication
channels used (verbal, textual, or pictorial). The level can
be set to personal, internal, or public, for example.

† “Synchronicity” (C3) is today an important factor that
controls and dictates communication modes and tech-
nologies used during a design review. Formal design re-
views are generally held in a synchronous manner and
face to face. Nevertheless, the development of new in-
formation technologies (chat rooms, instant messaging,
online forums, etc.) have enabled certain design review
activities to be held in an asynchronous manner. A de-
sign review can sometimes be divided in submeetings
to address specific issues or use videoconferencing tech-
nologies to connect remote teams; this has an impact on

the resources involved and the location of the meeting
can therefore be unique or multiple (British Standards
Institution, 1993).

† “Standards and company guidelines” (C4) are formal
documents that control the overall activities involved
in a design review.

† “Participants” (M1) can be viewed as mechanisms in the
design review process. They influence the design review
according to their role in the meeting, in the project
team, or in the company. The individual expertise of
the participants is also an important resource in meeting
activities.

† “Resources” (M2) designates the various hardware and
software used during the design review. These facilita-
tion mechanisms include furniture, computers, video-
conferencing software, and so forth.

† “Communication support” (M3) is the artifacts or be-
haviors used to support conversation during meetings.
These can include presentation slides, sketches, draw-
ings, objects, written notes, annotations, gesture types,
and so forth.

3.2.2. A detailed IDEF0 information process-oriented
model of aerospace design reviews

The IDEF0 model proposed in Figure 3 uses generic terms
that enclose a variety of information elements: the “input infor-
mation” (I1), “outputs” (O1), and “design control documents”

Fig. 3. The integration definition for function modeling (IDEF0) parent diagram of an aerospace design review process.
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(C2). These are described more precisely in the IDEF0 detail
diagram of an aerospace design review process presented in
Figure 4. Based on the general classification of design activ-
ities proposed by Sim and Duffy (2003) and the theoretical
understanding of the communication processes that can take
place during the event (Section 3.2.1), the generic design
activity represented by the box A0 can be further decomposed
into three subactivities: “share information about the design”
(A1), “evaluate the design” (A2), and “manage the design”
(A3). The IDEF0 detail diagram in Figure 4 illustrates the
relationships between the three main design activities (A1,
A2, and A3) and their surrounding information elements,
which constitute an aerospace design review. It is not the
intent of this paper to fully describe the IDEF0 detail diagram;
instead, Table 3 lists and describes six important elements of
the model.

It is important to note that the O1 of the design review are
not only the documents compiled in the review dossier (list of
actions, minutes, deadlines, etc.) but also personal notes, and
more generally the individual experience and knowledge re-
tained by each participant. Although some of the rationale
and lessons learned discussed during the meeting are recorded
explicitly, most of this information, as shown in Figure 4,
is part of an internal process and therefore only retained in
the participants’ memories.

3.2.3. Key knowledge elements generated
during aerospace design review activities

Aerospace engineering design deals mainly with redesign
activities (Ray, 1985; Gero & Maher, 1993) and has therefore
recently focused on knowledge capture and reuse for an im-
proved evaluation and control of their intellectual capital.
Knowledge management (KM) can effectively be viewed
as the management of the specific information elements
that take part in the company knowledge process. Company
knowledge conversion cycles (Nonaka & Takeushi, 1995),
organizational knowing cycles (Choo, 1998), and learning
processes (Sim & Duffy, 2004) are some of the theories cur-
rently guiding KM practitioners. Based on these conceptuali-
zations, design reviews are clearly events where knowledge
externalization (making explicit knowledge that is hard to ar-
ticulate, i.e., tacit knowledge) and combination (a combina-
tion of various explicit knowledge sources achieved through
collaborative events) processes take place (Nonaka & Ta-
keushi, 1995), and where participants have the opportunity
to experience retrospective and in situ learning (Sim & Duffy,
2004).

From the analysis of the literature related to KM and the
specificities of design review activities, these meetings are
predisposed for substantial knowledge creating and decision
making. Participants typically update their information about
the design, discuss the rationale leading to a collaborative
plan of action, and share past experiences. Four key elements
(rationale, decisions, actions, and lessons learned) have there-
fore been singled out for the efficient knowledge-oriented re-
cording of information exchanges during design reviews.

Rationale. Design rationale in its most general sense “is
an explanation of why an artifact is designed the way it is”
(Lee & Lai, 1996). However, this generic definition does
not reveal the whole range of issues related to the topic. Ac-
cording to Moran and Carroll (1996), design rationale can be
seen from many different perspectives: it could be the justifi-
cations for a designed artifact, a logical representation of the
reasons for a designed artifact, a methodology whereby rea-
sons are made explicit throughout the design process, or it
could simply relate to the complete historical documentation
of a design and its context. Shipman and McCall (1997) argue
that there are three distinctive approaches to design rationale:
the argumentation perspective, the documentation perspec-
tive, and the communication perspective. Argumentation
aims to relate the reasoning an individual or a group of de-
signers use to solve a problem. Documentation of the infor-
mation about the design decision-making process is another
meaning commonly given to design rationale where descrip-
tive accounts of decisions are captured. Finally, naturally oc-
curring communication between designers, such as conversa-
tions, is also a source of design rationale, but its capture is
more difficult because of its lack of structure and its unpre-
dictability. Based on this classification, design reviews are
clearly events where the communication perspective of de-
sign rationale needs to be applied. Design rationale research
is not new in the engineering world, but the issues that revolve
around its capture, representation, and use are still in working
progress (Bracewell et al., 2004). The need for efficient meth-
odologies to capture and reuse design rationale is a priority
within current KM strategies (Karsenty, 1996). Pragmatic ap-
proaches to represent engineering design rationale often dis-
tinguish between rationale relating to process knowledge or
product knowledge (Regli et al., 2000; Wallace et al.,
2005); process-oriented solutions try to map out the history
of the design process, whereas product-oriented solutions
(also known as feature-oriented solutions) work on the design
space trying to represent how a specific feature of a product
can be ensured on the design (Regli et al., 2000).

Decisions and actions. The study of design reviews will
give insights on the rationale and the decisions leading to
courses of action taken by designers and project managers.
All the decisions made during a review will therefore be
explicitly or implicitly translated into design definition or de-
sign management actions (Sim & Duffy, 2003). An organiza-
tion can effectively be viewed as a network of decision-making
processes, where compromising often takes place despite
well-defined standard procedures (Choo, 1998). Closer to
the practical act of decision making, Badke-Schaub and
Gehrlicher (2003) have outlined certain patterns that can be
found in design teams: cycles, which include a reiteration
of partial sequences of procedure steps; sequences, which
strictly follow theoretical decision-making models (clarifica-
tion, search, analysis, evaluation, decision, and control); and
metaprocesses, where the decision process is guided by a
moderator. It will therefore be interesting to validate and
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Fig. 4. The integration definition for function modeling (IDEF0) detail diagram of an aerospace design review process.
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compare the occurrences of the decision patterns with the
work reported by Badke-Schaub and Gehrlicher (2003).

Lessons learned. For the purpose of this research, a lesson
learned can be defined as a formal explanation of the solution
to a problem that occurred in a specific context where new
knowledge or an adaptation of existing knowledge was em-
ployed. In an environment where most of the designer’s
work involves adaptive design (redesign), information con-
cerning past designed products and processes is of great im-
portance. Lloyd (2000) distinguished three types of experi-
ences used in engineering to transform a set of requirements
into a reality: individual, social, and organizational experi-
ences. Individual experience builds the designer’s expertise. So-
cial experiences, such as meetings, are usually constructed in
a collaborative environment where experiences are communi-
cated and shared. Organizational experience is formalized
through company documents such as procedures, product his-
tories, lessons learned, and so forth. Current industrial prac-
tices suggest that documenting lessons learned is essential
to help design engineers constrain the design space based
on past experiences (Ward et al., 1995).

The four knowledge elements or concepts reviewed pre-
viously are at the heart of the IMT, detailed in Section 4.3,
and are also central to the knowledge-oriented strategy for

the efficient capture of design review contents, presented in
Section 6.

4. A SET OF CUSTOMIZED TOOLS FOR DESIGN
REVIEW ANALYSIS

To improve the understanding of the content of design re-
views, three approaches have been created. The three tools
or techniques presented here (TCS, MCT, and IMT) at this
stage do not employ any automatic or computerized mecha-
nisms; they do, however, propose a detailed and systematic
methodology validated and refined by representative data
taken from the DTM case studies. The tools were developed
as the result of the iterative research process presented in Sec-
tion 2. This section will focus on describing the tools and on
the practical implications of using them for the DTM case
study data.

4.1. The TCS

The transcribing and coding process described in the follow-
ing sections are part of a qualitative research approach to
discourse analysis. Before attempting to analyze meeting
transcripts it is of great importance to adopt a coherent meth-
odology that can be applied in a systematic way to recordings

Table 3. Description of key elements of the IDEF0 detail diagram of an aerospace design review process

Name of Element Role(s) in IDEF0 Diagram Description

Data pack Input for A1, A2, A3 Usually contains information from the suppliers, reports from the
engineering teams involved, and a discrepancies register where
participants have noted issues and problems in advance of the
meeting. It will also include information specific to the type of
review.

Risk management plan Input for A2, A3 Used to evaluate the design achievements (A2) and manage the
design process (A3) based on a risk assessment of the design tasks
under review. The plan is updated according to the decisions made
during the design review.

Trigger event Control for A1 Acts upon the information sharing process (A1) as discussions
dictated by external events or requested internally, but not initially
planned in the meeting agenda, can force their way into the design
review.

Review management plan Control for A1 Includes the objectives of the review, the list of applicable documents
(most of which are provided in the data pack), roles and
responsibilities, an agenda, and a summary of the review process.
This information should be acknowledged by all participants
before the meeting takes place and is mainly used during the event
to share information about the design achievements (A1) in an
orderly way.

Certification documents Control for A2 Part of the design control documents (C2). They ensure compliance
with quality and certification regulations during the design
evaluation activities. Certification documents evolve with the
development of the project. The “Quality Assurance Plan” is used
for the RR, the “Certification Basis” is ready for the final CR, the
“Type Certification Compliance System” guides the PDR, and the
“Means of Compliance” needs to be issued before the CDR.

Design rationale and lessons learned Output of A1 Control for A2, A3 These elements are sometimes made explicit and available for reuse
when attached to the record of decisions, actions, and deadlines.
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of design meetings. The essential part of creating this metho-
dology was to determine the criteria under which transcripts
will be analyzed. It is now essential to present the TCS, neces-
sary to an organized, structured, and systematic coding meth-
odology for meeting transcripts, based on the review of past
research presented in Section 3.1.

4.1.1. Description of the TCS

Transcribing is a task repeatedly used in social sciences
and linguistics, but it has not warranted the development of
official and standardized conventions. Robillard et al.
(1998) detail clear and reproducible methods for coding inter-
ventions, and the TCS is largely formatted along the same
guidelines. The TCS is built around a structured transcript
that uses specific transcription conventions (Huet et al.,
2004) and eight codification elements developed from the de-
tailed analysis reported in Section 3.1. As shown in Figure 5,
the meeting transcripts record the verbal discourse of the dis-
cussions that took place at the meetings, showing the inter-
ventions preceded by the initials of the speaker, and followed
by the time at which the intervention ended.

The rest of the TCS is used for in-depth analysis purposes.
The format of this analytical tool is essentially a table, where
each row is an intervention made by one of the participants.
Robillard et al. (1998) define an intervention as “a statement
made by a single speaker . . . a series of interventions made by
different speakers is called an exchange.” In the coding
scheme, the interventions can then grouped by exchanges.
Of course, in certain specific cases different interventions
made by a single speaker can be considered as an exchange
(e.g., in the case of a presentation). The size of exchanges,
in number of interventions, varies according to the coding in-
tent. There are different types of possible interventions and
exchanges in a design meeting; derived from the literature re-
viewed in Section 3.1, and adapted to match the specific char-
acteristics of aerospace design reviews, the authors chose to
use an adaptive set of attributes, detailed in Figure 5, for
both the “intervention type” and the “exchange role” coding
criteria. The six other coding criteria are unique to the DTM
project and answer specific objectives of the research pro-
gram outlined in Table 4.

4.1.2. Validation and development of the TCS

The TCS was applied to case study 2; both design reviews
recorded at Airbus UK (RR and PDR) were therefore tran-
scribed completely, generating some 1000 transcribed inter-
ventions. The TCS then went through an iterative validation
process before the stabilized final version, presented in Figure 5,
could be established. The evolution of the TCS was guided by
a number of factors: the relevance and interpretability of the
coding element, and importantly, the reproducibility of the
coding intent. The main changes involved the refinement of
the artifact coding and the coding of the topic. The initial
“topic coding” proposed tried to include the type of knowl-
edge conveyed, but this was a significant issue and led to the
elaboration of a separate methodology to track key knowledge

elements in the transcripts, the IMT, presented later in
Section 4.3.

Moreover, the time necessary to complete the TCS, includ-
ing the transcribing process, does not make this tool appealing
for more practical meeting capture applications. A more man-
ageable approach to analyze design meetings as they take
place was therefore developed by the authors: the MCT.
This tool, detailed next in Section 4.2, uses a simplified ver-
sion of the TCS coding criteria and bypasses the time-consum-
ing approach of transcribing. Nonetheless, the TCS remains a
thorough and comprehensive research strategy to understand
the design transactions that take place during a meeting based
on the transcribed account of the event; this will be illustrated
by the selected results discussed in Section 5.

4.2. The MCT

The TCS provides an in-depth analytical tool to analyze
meeting transcripts. However, the process involved to pro-
duce the results is time consuming, and can therefore only
readily be undertaken in a research environment. The need
to develop a simplified approach, where the data could be col-
lected as the meeting was taking place, emerged as an impor-
tant issue for the authors and their industrial partners involved
in the DTM project. This led to the creation of a MCT, which
was used and developed during case study 3.

4.2.1. Description of the MCT

The MCT presents itself as a table, where each row is num-
bered and corresponds to an entry used by the minute taker
during the meeting. Figure 6 shows an extract of the final
MCT featuring the first three rows.

The second column, “topics and actions” provides space
for the observer to make a few notes, using his own words
to describe the conversation topic and the related actions.
Each row in the MCT therefore corresponds to a new conver-
sation topic. The “who” column helps the minute taker to
quickly track the involved parties in the conversation. The
“what” column is a simplification of the exchange roles found
in the TCS; here, only six core exchange roles were kept (ex-
ploring, decision making, evaluating, clarifying, informing,
and debating). These are essentially related to the “informa-
tion sharing” and “evaluating” activities, whereas “manage-
ment” activities are easily tracked by looking at the parties
involved and the topic of conversation. Finally, the PPRE
coding element in the TCS has been simplified here in the
“impact” column, where each conversation topic can be
tagged according to whether it has an impact on the product,
the process, or the engineering tools used by the participants.

The columns are derived from the TCS but have been
formulated with a more streamlined terminology. These
changes occurred because the finalized MCT was the result
of an intensive validation process involving the participants
of the CAMAQ project (case study 3) as summarized in the
next paragraphs.
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Fig. 5. An illustration and explanation of the transcript coding scheme (TCS). Note that the interventions used in the transcript are fictional.
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4.2.2. Validation and development of the MCT

During each design review in case study 3, three to four
participants were chosen to use the MCT to provide analytical
data for the authors’ research and, to a certain extent, help
capture the minutes of their meetings. Their feedback helped
to enhance the MCT and draw guidelines for the development
of minute-taking templates to be used in the industry. The
participants chosen varied from one design review to another

according to their involvement in formal presentation activ-
ities, but all were given a training session to familiarize them-
selves with the template before the meeting took place. The
results from the MCT were compiled by the authors, and
each entry from each form handed back was double checked
by the authors using the video recording of the design review
monitored. This helped to maintain a high level of consis-
tency in the results throughout the case study, even when

Table 4. Summary of the research objectives for each coding element in the TCS

Ref. No.
in Figure 5

Name of
Coding Element Research Objectives

4 Intervention type The intervention is the basic unit used to segment the transcript. The four types of interventions used in the TCS
(statement, question, answer, or feeling) can help characterize typical spoken discourse patterns. These observations are
commonly outlined in the research field of linguistics and used to develop semantic search tools.

5 Exchange role Interventions can be grouped into exchanges. The nine exchange roles defined in this researcha help to get a precise
picture of the overall role of the meeting, or even of specific portions of the transcript.

6 Information type This coding element relates to the types of product life-cycle information: product, process, resources, or external
factors.b The results from this analysis could help us understand correlations between the type of design review and the
type of information exchanged.

7 Supporting artifact It is important to track the artifacts used to support the conversations. The artifacts can be informal communication
support elements (sketches, annotations, presentation slides) or even input documents submitted before the meeting.
This coding element will provide quantifiable data to evaluate how much of the conversations of a design review are
supported by artifacts.

8 Artifact type Evaluating and quantifying the types of artifacts used during design meetings, based on the categories proposed by
Perry and Sanderson (1998), can be useful to develop meeting capture and facilitation tools that support the integration
of artifacts in meeting records.

9 Topic: domain of
competence

These three coding elements track the topic of discussion from different perspectives. The domain of competence and the
more precise description of the topic will reflect the nature of the contents discussed during the design reviews. The
origin of the topic (predetermined, derived, or unexpected) will reflect, to some extent, the level of structure of the
meeting. Coupled with the measure of “digressing” (exchange role), this will provide good insight into how formal and
structured design reviews are.

10 Topic: description
11 Topic: origin

aSee Figure 5 legend.
bSee text Section 3.2.1.

Fig. 6. The final version of the meeting capture template (MCT) used during case study 3.
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the MCT was modified based on user feedback. Ultimately,
the videotapes also provided an efficient means to evaluate,
after the meeting, the approximate duration of each entry in
the MCT.

The MCT presented previously went through three devel-
opment stages or versions. The first version was a direct sim-
plification of the TCS based on what the authors believed
could be tracked on the fly by a trained minute taker. In the
first version, the “exchange roles” coding, was simplified in
the MCT based on the results obtained in the TCS analysis.
Three exchange roles were omitted: “digressions,” as they oc-
curred very rarely during the design reviews monitored; “re-
solving problems,” because they were often confused with
“debates”; and “managing,” as this exchange role can easily
be traced by other coding elements such as the topic and
the participant’s role. The second version, nearly identical
to the final version presented in Figure 6, saw the addition
of a more specific classification of the participants involved
and a dedicated space to note the actions related to the topic
of interest. The new participant classification was a direct con-
sequence of the observations made on the usability of the pre-
vious template; users were effectively very comfortable with
the multiple-choice boxes offered in the “who,” “what,” and
“impact” columns, and the “who” column was therefore ex-
panded to provide more information on the participants in-
volved in the conversation. In addition, at the request of
most of the participants involved in the development of the
MCT, extra space was included in the “topic” column to pro-
vide means to capture the actions associated to each topic.

This last point can be seen as the key move from an ana-
lytical tool toward a content capture template. Indeed, two re-
search and development objectives were hidden behind the
MCT: the simplification of the TCS to enable the analysis
of design reviews on the fly, and the progressive evaluation
of templates to capture the content of meetings in a structured
and reusable format. The results related to the use of the MCT
in case study 3 are reported in Section 5.

4.3. The IMT

The IMT was developed to answer the following research
question: What are the important information elements that
are not currently captured during design reviews? Indeed,
the TCS had a different purpose and was not designed to ef-
ficiently track the key knowledge concepts detailed in Section
3.2.3. The IMT was ultimately used to track them, while also
providing means to qualitatively and quantitatively measure
information loss between a meeting (based on its transcript)
and its formal historical record (the minutes). Information
loss has been shown to be very significant; up to 75% of con-
tent can be lost during minute taking (Huet et al., 2006). The
implications of this study in terms of knowledge loss are fur-
ther discussed in Section 5.

4.3.1. Description of the technique

The idea of an IMT to measure the related knowledge loss
was effectively inspired from the work carried out by Hoff-
mann (1980). His quest for a suitable definition of the term
“information” led to a comparative study of textual documents
and their abstracts. Analysis of the material was based on a
graphical representation of the information content. It is not
the intention of the tool developed for this research to evaluate
the whole information content of the documents; thus, the
IMT, developed by the authors, focuses on the occurrence
of four specific knowledge concepts reviewed in Section
3.2.3: decisions, actions, rationale, and lessons learned. The
IMT is therefore used to compare two types of documents:
the transcripts and the minutes of meetings. In simple terms,
each portion of the text corresponding to a knowledge concept
(decision, action, rationale, or lesson learned) is represented
by a symbol in an information map. The symbols are clustered
around focal points: the main meeting topics. The result there-
fore presents itself as a succession of network graphs centered
and sequenced following the different focuses of the event as
shown in Figure 7.

Fig. 7. An extract of the information map for the minutes of a design review. [A color version of this figure can be viewed online at www.
journals.cambridge.org]
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To produce these information maps, two stages must be fol-
lowed: the encoding and the mapping of the document. To en-
code a document, each information element expressed by a
statement or a group of statements must first be highlighted
in the original text and summarized in a register table according
to the knowledge concept it conveys (decision, action, ratio-
nale, or lesson learned). Figure 8 presents an extract of an “ac-
tion elements” register to illustrate such tables. The main topics
of the document are also listed in a distinct register table and the
encoding therefore involves the creation of five separate regis-
ters. Other details such as the number of words and the subse-
quent coding size are also recorded in the tables.

Then, for the information mapping, each row in each table
is represented in the graph by a symbol specific to its knowl-
edge concept and a number that relates it directly to its register
row number. Figure 9 illustrates the coding scheme for the
symbols. The size of the symbol reflects the volume in num-
ber of words of each information item and is relative to the
overall size of the document.

To finalize the mapping, the topics are used as focal points
and the items are connected around them in “threads” using
the conceptual relations inferred by the text, as previously il-
lustrated in Figure 7. The links or arrows in the graph simply
represent the order in which the nodes (information elements)
were highlighted in the document.

4.3.2. Validation and development of the IMT

The information maps generated by the IMT offer a visual
representation of the information contained in a document;
comparing the transcript of a meeting and its formal record
embodied in the minutes using these maps provided a useful
and simple approach to characterize the transformation and
loss of information that occurred during the minute-taking
process. The IMT was only performed on the transcript of
the RR (case study 2). The main reason for this was the
high quality of this transcript; indeed, only 1% of the total
meeting time could not be transcribed. The minutes of the
meeting, provided by the secretary of the design review,
were completely mapped with the IMT, whereas only the
critical topics in the transcript were mapped.

The IMT is still being refined by the authors, but to ensure
that the results shown in this paper are consistent and repro-
ducible, the encoding and mapping processes were undertaken
by the same person and verified by a number of peers. The en-
coding step of the IMT is the more difficult part of the ap-
proach; an automated version of the encoding steps, that is,
defining the decision, action, rationale, and lesson learned
elements in the text, would require semantic capabilities

that are still not available in related software applications.
The encoding of the documents must therefore be performed
directly by the user, and the following definitions for each
knowledge concept were used to provide a consistent frame-
work to perform this task.

Rationale: An explanation or statement of reasons. In the
specific context of engineering design, a more precise scope
of the definition has been defined in Section 3.2.3 (Oxford
English Dictionary, 1989).

Decision: Making up of one’s mind on any point or on a
course of action. In the context of a collaborative event
such as a meeting, the definition needs to be widened to in-
clude “the making up of a group’s mind” (Oxford English
Dictionary, 1989). This definition also highlights the link be-
tween a decision and an action, which can be loosely defined
as the necessary steps to complete a predetermined task. In
the context of a meeting, an action is usually described as a
task to be accomplished by a specific person and in a deter-
mined time frame.

The term lesson learned was defined in Section 3.2.3 as a
formal explanation of the solution to a problem that occurred
in a specific context where new knowledge or an adaptation
of existing knowledge was employed. The formalization of a
lesson learned usually requires the definition of a number
of elements, such as the problem elicitation, the story (back-
ground), the recommendations related to a past company ex-
perience, and so forth. In the context of the IMT, only a partial
description of a lesson learned in its formal sense was consid-
ered to be a lesson learned element.

In the next section, the IMT applied to the RR recorded
during case study 2 will illustrate how this technique can be
used to characterize the loss of information from design re-
views, ultimately resulting in organizational knowledge loss.

5. SELECTED RESULTS FROM THE CASE
STUDIES

This section presents selected results from the DTM case
studies according to three analytical perspectives: the com-
munication processes observed, the information processes de-
tected, and the knowledge lost from the meeting records. The
relevant data was extracted from the recorded case studies
using the three meeting analysis tools presented in Section
4. The design reviews from case study 2 were analyzed
with the TCS and the IMT, whereas the design reviews
from case study 3 were studied using the MCT. The selected
results illustrate the considerable range of analytical capabil-
ities offered by the tools developed for the purpose of this re-
search. It is important to note that the two case studies (case

Fig. 8. An extract of a register table for the action elements.
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study 2 and case study 3) involved in this collection of data
were not used in a comparative approach but rather in a com-
plementary approach. Indeed, the design reviews in case
study 3, which involved graduate students, were considered
comparable to industry practices by all the industrial observ-
ers invited to the meetings (two to three colleagues, i.e., in-
dustrial experts, were invited by the industrial supervisors
to observe the design reviews to promote the project in their
respective companies).

5.1. Design reviews: A communication process
perspective

The observed communication structure of the recorded de-
sign reviews has been analyzed at different levels. The study
of the role of the participants in both case studies clearly illus-
trates specific communication patterns for the meeting as a
whole; the results show the predominance of interface nego-
tiation scenarios such as “justifications” and “information re-
quests” scenarios (Eckert et al., 2005) during design reviews.
When the detailed structure of speech in a design review sit-
uation is considered, the intervention type coding element of
the TCS has helped to outline an interesting trend in the struc-
ture of spoken discourse verified in both design reviews of
case study 2: questions are often hidden in a more global
statement and even when explicit they are only occasionally
answered directly by a straightforward answer. This aspect
explains the failure of certain established design rationale

capture techniques, such as gIBIS (Conklin & Begeman,
1988), when applied to spoken discourse. Indeed, these tech-
niques are focussed on “question and answer” sequences aim-
ing at unveiling the rationale in the conversation.

In order to analyze the underlying communication intent,
the results from the “exchange roles” coding element in the
TCS and the MCT have been studied in detail. Overall, the
striking aspect common to all the design reviews monitored
is the importance of “informing” and “clarification” ex-
change roles (these roles occupied 60–70% of the conversa-
tions). These results suggest the “sharing information about
the design” activity in the information process-oriented de-
sign review model proposed in Section 3.2.2 is essential in
the overall design review process. Of course, decision mak-
ing, exploring, and evaluating are also key exchange roles ob-
served during design reviews. Their variation in percentage of
conversation time across different design reviews, as ob-
served during case study 3, can easily be related to specific
objectives of each design review type. Moreover, this means
that the “evaluate the design” and “manage the design” activ-
ities proposed in the process-oriented model (Section 3.2.2)
will see their importance vary according to the position of
the design review in the product development process; in
case study 3, conversations related to “evaluating” peak
around PDR, whereas “decision making” peaks in the early
stages of the design process.

In the study of communication processes, a specific pro-
cess has been chosen for detailed analysis: decision-making

Fig. 9. An example of the information mapping coding scheme used to map the minutes of the requirement review (RR) in case study 2. [A
color version of this figure can be viewed online at www.journals.cambridge.org]
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patterns. This observation was made for case study 2. The
data generated from the exchange role criterion in the TCS en-
abled to outline typical sequences of exchange roles prior to
decision making; six main sequences of decision making
have been unveiled and illustrated in Figure 10. These se-
quence patterns ultimately reflect a rational course of decision
making with few conflicts of interest between participants
(Badke-Schaub & Gehrlicher, 2003).

5.2. Design reviews: An information process
perspective

The design review model detailed in Section 3.2.2 has out-
lined the expected conceptual information processes that
might occur during the event. This section will now supple-
ment this theoretical view through the characterization of
the information processes observed during case studies 2
and 3, using the TCS and the MCT, respectively.

The “origin of the topic of conversation” coding criterion
in the TCS has further supported the qualification of the level
of structure of the information exchanged during design re-
views. In effect, the measures resulting from case study 2 in-
dicate that 60–70% of the conversation topics are predeter-
mined by the meeting agenda and the remaining topics of
discussion are directly derived from these. From this study,
the authors would also have forecasted a higher percentage
of totally unexpected conversation topics in the early stages
of the product development process, but the influence of
the artifacts used in the conversations seems to play an impor-
tant role in the structure of the information process.

The content of the information shared between partici-
pants, in case study 3, were very much in line with concurrent
engineering practices. Design issues were at the heart of most
conversations throughout the four design reviews monitored,
with a peak at PDR. Management issues were dealt with early
in the project (peak at RR), whereas manufacturing issues

were only the true concern of the participants at CDR (with
a critical low point at CR). The “domain of competence” cod-
ing criterion in the TCS has provided useful insights into the
specific topics discussed during the design reviews monitored
in case study 2. The results show how in both cases “project
management and business” and “certification and testing”
were topics at the forefront of the discussions that took place.

The study of the types of information exchanged during the
design reviews of case study 3 has provided a unique illustra-
tion of the shift in balance between process and product infor-
mation that occurs during the evolution of a design project.
Process information dominates the topics of conversation in
the early stages of the project and then slowly diminishes,
whereas product information gradually increases to dominate
the topics of conversation at CDR as shown in Figure 11.

This study is unique in the sense that it actually provides
figures based on case studies to support claims on the shift be-
tween process knowledge and product knowledge across the
life of a project (Regli et al., 2000). Nevertheless, the overall
results from the DTM case studies (case studies 2 and 3) show
that the balance between product and process information re-
mains within a 40–60% bracket. This trend means that, over-
all, process and product information are shared in large
amounts across the PDP, and systems aiming at capturing
this design information should focus on a hybrid approach
(feature oriented/process oriented; see Section 3.2.3).

The study of the types of artifacts used during both design
reviews of case study 2 clearly suggests that they are impor-
tant elements that structure and focus to a certain point both
the communication intent and the type of information ex-
changed between the participants. Artifacts used during a de-
sign review have definitely a key role to play in the elabora-
tion of improved techniques for the efficient capture of
meeting contents.

5.3. Detailed knowledge loss study for two critical
meeting topics

Section 4 detailed and illustrated the IMT developed for the as-
sessment of the loss or modification of specific knowledge
concepts in the minutes of design reviews. This section will in-
terpret the findings from the RR monitored during case study 2
to highlight the implications in terms of knowledge loss.

In the map for the “minutes” document, the most important
topic in terms of number of words involved and highlighted
information elements was topic 5, and its map was therefore
completely detailed both from the minutes document and
from the transcript. In the transcript, however, the two most
important topics based on the same criteria were topic 5
and topic 4. This was quite a surprise as the minutes map sug-
gested that topic 4 was not of great importance. Figure 12
compares both maps (transcript map and minutes map) for
topic 4 and topic 5.

Based on the information maps presented in Figure 12,
topic 4 appears to have been badly recorded by the secretary.
In the transcript map for topic 4 a high number of threads,Fig. 10. The essential decision-making patterns observed during case study 2.
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many rationale, decisions, and lessons learned elements ap-
pear, but with few actions associated with these. In contrast,
when comparing the maps for topic 5 it seems that the minutes
give an accurate account of the discussions that took place.
Looking at topic 5, a different observation can be made imme-
diately: it seems that when writing up the minutes, the secretary
“transformed” some of the decisions into actions. This is per-
fectly understandable as decisions can always be interpreted
as actions.

The single most important difference between topic 4 and
topic 5 lays in the actions: in the discourse, most of the threads
linked to topic 4 do not contain actions, whereas it is quite the
opposite in the case of topic 5. The resulting difference in the
minutes’ maps suggests that it is easier for the minute taker to
record the meeting when actions are set out following the de-
cisions. A number of meeting management strategies, for ex-
ample, Weynton (2002), Streibel (2003), or Tropman (2003),
suggest that certain meetings need to be action oriented to be-
come effective.

Another factor that might have an influence on the differ-
ence in the way minutes were taken for topic 4 and 5 is the
“distance” observed between the conversations and the arti-
facts under review. Although none of the meeting analysis
tools presented in this thesis are capable of providing data
for this type of measurement, the observations made by the
authors suggest that the participants held discussions closely
related to the document under review in the case of topic 5.
This most definitely facilitated the secretary’s work as he
had an explicit reference to action any decision made.

Finally, four comparative criteria to evaluate knowledge
loss, outlined in Huet et al. (2006), can be further illustrated
using the examples provided in Figure 12.

† Volume and length: These two criteria help to express
the importance of a topic, knowledge concept, or thread
relative to the rest of the document. They were used as
visual indicators of critical topics in the maps that war-
ranted further investigations.

† Variety: From the examples given in Figure 12, it can be
immediately observed that the richness of the text based
on the discourse is lost; actions and decisions on one
side and rationale and lessons learned on the other are
very often merged or transformed.

† Order/sequence: With more data, research for typical
patterns could be conducted. One of the conclusions
based on this criterion is that in the document relating
the discourse, rationale is given before or after the deci-
sion or action, whereas in the minutes the sequence is in-
variably rationale then decision. Overall, the unstruc-
tured and unpredictable nature of speech is well
reflected by the visual sequence provided by the IMT.

The essential finding that has emerged from the knowledge
loss study, detailed in this section, is the importance of turn-
ing decisions into actions. Indeed, the secretary seems more
capable of recoding the associated rationale, lessons learned,
and decisions based on an explicit expression of the action to
be taken. The detail IDEF0 process-oriented model described
in Section 3.2.2 accounts for the transfer of rationale and les-
sons learned between design review activities. The model,
however, does not show these knowledge types transferred
as outputs of the design review process. Hence, the final sec-
tion of this paper will briefly outline the action-oriented re-
cording strategy under development, where rationale and les-
sons learned are “forced out” of design reviews.

Fig. 11. The evolution of product versus process information across case study 3 (percentage of conversation time).
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6. CONCLUSION AND FUTURE WORK
Only a limited number of observational studies in engineering
have focused on a clearly identifiable type of meeting. The
DTM case studies, however, chose to use a very specific
and widespread meeting event in the aerospace industry,
namely design reviews. Companies, using the widely ac-
cepted stage–gate approach to control their product develop-

ment activities, implement design reviews with similar guide-
lines. In particular, they are guided by a number of formalized
constraints, they follow a clear set of predefined objectives,
they are a unique “information synchronization” point for
all stakeholders involved in the development of a product,
they are visible activities in business planning tools and docu-
ments across projects and companies, and they are at the heart

Fig. 12. A comparative table of the information maps for topics 4 and 5 of the requirement review (RR) of case study 2. [A color version of
this figure can be viewed online at www.journals.cambridge.org]
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of the collaborative decision-making cycle inherent to any
product development process.

The research reported in this paper has been based on a nat-
uralistic observation of engineering teams in a design review
situation. A specific research methodology composed of three
research cycles (“explore,” “tune,” and “interact”) was devel-
oped and provided a flexible framework for the following:

† a transparent and reproducible qualitative research process;
† the collection of data from different types of case studies

(in situ or simulated setting, academic or industrial par-
ticipants, etc.); and

† the development and validation of three research tools
focused on the analysis of verbal transactions during de-
sign reviews: TCS, MCT, and IMT.

Based on this successful research process, a number of con-
tributions answering the overarching research question “how is
it possible to record aerospace design reviews to capture the im-
portant knowledge elements for further reuse?” were made.
Key findings detailed in this paper include the following:

† the survey of current minute-taking practices in the aero-
space industry (introduction);

† a conceptual understanding of the activity under study
(Section 3); and

† characterization of communication and information pro-
cesses, and knowledge loss (Section 5) based on the re-
sults generated by the TCS, MCT, and IMT (Section 4).

6.1. Implications for the capture of the content
of design reviews

A number of results from the analysis of the case studies and
the survey on minute-taking practices in the aerospace industry
have helped the authors to establish an action-oriented strategy
to improve the capture of key knowledge elements from design
reviews. The strategy outlined in the next paragraphs follows
typical steps used in the “knowledge engineering” domain to
develop knowledge-based systems or practices (Liebowitz,
2001). The strategy proposed here (for the capture of the con-
tents of design reviews) can be summarized from the secre-
tary’s perspective using the following three phases:

1. Knowledge acquisition phase: During the meeting, the
secretary should focus on keeping track of the actions
with their associated rationale or lessons learned. This
knowledge acquisition phase of the strategy would
see the secretary turn decision points into actions when-
ever possible, and at the end of the meeting sufficient
time should be allowed so that each action can be re-
viewed in detail and agreed by all participants.

2. Knowledge representation and encoding phases: At the
end of the meeting, each action (noted on a customized
form) needs to be detailed and tagged according to the
type of information it contains (product or process).

After the meeting, the secretary would finalize the for-
mal meeting minutes by seeking the approval of the au-
thorities responsible for the design review.

3. Knowledge implementation and reuse phases: Once all
the “action forms” are approved, these can be linked to
one of the two engineering tools typically used to man-
age product and process information in a PLM environ-
ment. Actions tagged as “product information” could be
inserted in the product structure tree managed by pro-
duct data management systems, whereas those tagged
as “process information” could be included in workflow
management systems.

To date, this strategy has not been completely tested. The
authors have essentially focused on the knowledge acquisi-
tion stage of the process. TCS, MCT, and IMT analytical ap-
proaches have been described in detail in the paper along with
their validation processes. This has enabled a number of high-
level views to be taken and a pragmatic approach to minute
taking to be developed. The solution is embodied in a “design
review capture template” that uses a format based on the MCT
described in Section 4.2. A preliminary version of the tem-
plate is shown in Figure 13.

The feedback from the participants who used the MCT en-
couraged the application of the same format for the capture of
actions during meetings. This new template was trialed by the
authors, and subsequent improvements and guidelines for its
usage have been established. The template fulfills most of the
requirements outlined in the strategy, and is currently being
tested in industry.

6.2. Future work

Computer support for the action-oriented strategy has been
investigated and a conceptual solution is also currently under
investigation. The approach seeks to build a software solution
based on the “design review capture template” illustrated in
Figure 13, but with added digital functionalities such as hy-
perlinks, digital artifact annotation, and automatic summari-
zation tables. The main advantage of this computer-based
prototype over its paper-based counterpart is its integration
to the digital environment in which design engineers work.
Indeed, most of the artifacts discussed during a design review
are nowadays available in a digital format. All the functional-
ities envisaged are already available in various software solu-
tions (not necessarily for meeting capture), which adds credit
to the scenario under development.

Finally, from the work presented in this paper, a number of
issues also warrant further investigation:

† An automatization of the three meeting analysis tools,
presented in Section 4, should be sought. This paper
has described the necessary processes followed to de-
ploy these paper-based tools, and these descriptions
could be used to generate algorithms that would help au-
tomate certain steps in the processes.

Making sense of design review activities 263

https://doi.org/10.1017/S0890060407000261 Published online by Cambridge University Press

https://doi.org/10.1017/S0890060407000261


† The DTM case studies have helped to illustrate the use
of the meeting analysis tools, and more case studies
could now be sought to deepen the characterization of
other specific types of meetings.

† One of the interesting findings from the research is the
importance of the role of artifacts. A specific investiga-
tion into the role of artifacts during meetings should be
carried out to understand this influence. This type of
study would enable a more efficient use of design artif-
acts during meetings and also help information capture
systems integrate the information generated from the use
of these artifacts.

† The IMT has been used in this research to measure orga-
nizational knowledge loss, but information mapping is
thought to have much more to offer in the field of design
research. A new form of design rationale representation
could be developed and a further study of this technique
could give practical insights into alternative information
archiving strategies.
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