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Abstract

Visualization has been highlighted as a highly useful approach for product development that
is characterized by both complexity and uncertainty, but research on the subject is limited and
few delve into details on how to visualize. This paper investigates pedagogical processes
when working with visual management in product development by focusing on challenges
and solutions when handling interfaces between departments.

The traditional, mainstream techniques for project and product development (e.g. Gannt
charts) produce visual images that have been criticized for their static nature and inability to
function in projects with difficult interdependencies and changing prerequisites. By taking a
reflective approach and codifying knowledge developed in the field, this paper investigates
how visualization can be used to handle two challenges: physical barriers and personal as well
as departmental differences. The paper proposes that an extended view of visualization is
useful in this kind of product development. This means that visualization is handled as a
dynamic and participatory process where multi-dimensional methods and media are used to
stimulate multiple senses so that project participants can explore and exploit knowledge, and
form a shared mental model of the project.

1. Introduction

Interdepartmental communication and coordination is crucial for both R&D performance in
general (Hakansson and Nobel, 1993; Keller, 1986) and product development performance in
specific (Clark and Fujimoto, 1991; Riggs, 2004). Stimulating communication is one of the
most important productivity problems in R&D (De Meyer, 1991), and it is important for
overcoming interdepartmental barriers in product development (Lakemond and Berggren,
2006). However, simply increasing the degree of communication increases complexity and
could result in information overload (Allen, 1977) or even lack of information if it is not
presented in the right format. For example, the introduction of modern information and
communication technologies has in several instances resulted in information overload (Kiesler
and Cummings, 2002). Although it is paramount to ensure effective communication (Brown
and Eisenhardt, 1995; Krishnan and Ulrich, 2001), the combination of increasing complexity
and uncertainty (Davies and Hobday, 2005), and limitations in human information processing
(Miller, 1956) means that it is no trivial task. The difficulty is reinforced by the fact that
departments exhibit differences in needs/wants, professional orientation, time orientation,
bureaucratic orientation, which result in conflicting requirements (Griffin and Hauser, 1996;
Lawrence and Lorsch, 1967; Vandevelde and VVan Dierdonck, 2003).
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Thus, it is challenging to establish effective communication and many firms fail to resolve the
situation (Shenhar and Dvir, 2007), and it is particularly challenging in situations where both
complexity and uncertainty is high (Lindkvist et al., 1998; Loch et al., 2008). One difficulty is
to find a repertoire of media and methods that addresses problems related to interdepartmental
interfaces (Lakemond et al., 2007), and that allows for effective communication in product
development without creating information overload or lack of information (cf. Daft and
Lengel, 1984, 1986; Schrader et al., 1993). In order to resolve the situation, both practitioners
(Hilborn and Lugnfors, 2004; Wenell, 2001) and academics (Eppler and Platts, 2009;
Forsberg et al., 2005) have stressed the need for visual communication.

The purpose of this paper is to investigate pedagogical processes when working with visual
management in product development which is characterized by high degrees of complexity
and uncertainty. The focus is on challenges and solutions when handling interfaces between
departments.

2. Theoretical perspectives on visualization

Visualization has attracted attention in a wide range of areas (see Bresciani and Eppler, 2008
for a literature review), such as manufacturing (Greif, 1991), information systems (Zhang,
1998) and human-computer interaction (Preece, 1994). Although visual management has been
highlighted as a key factor for explaining the success of many Japanese firms (Dennis, 2002;
Ho, 1993), there are still relatively few management studies that focus on visualization
(Bresciani and Eppler, 2008; Eppler and Platts, 2009) and, in particular, in the area of product
development projects. A search in the Science Direct Database, including 106 journals in the
category ‘business, management and accounting’, and a complementary search in 13 other
management journals (e.g. Harvard Business Review and Project Management Journal),
resulted in a total of 251 articles of which only 32 focused on management issues and as few
as 10 discussed product development projects. The search was conducted at the end of March
2009 using truncations of visual* and visib* in combination with manage*, plan*, contr* and
aid*, e.g. [“visual* manage*” or ‘“visib* manage*”] and [All years]. Visualization can
obviously be reported using various other phrases, but the result clearly indicates that
visualization has not been at the centre of attention in studies of product development
projects.

Visualization is typically depicted in the form of two-dimensional images or objects. In other
words, visualization is viewed as a noun, an end-product. For example, trade-off curves are
sometimes described in the literature as an important tool for highlighting and clarifying the
relation between two parameters. While traditional visualization such as trade-off curves have
their merits, it seems that they do little to capture the often chaotic and emergent character in
complex systems development, or identify the interrelation between multiple parameters
(Berggren et al.,, 2008). Thus, this paper argues that it is important to investigate the
importance of visualization as a verb (method) and tool (media) where project members
participate in the production of the noun (end-result). For example, it could be beneficial to
focus on the use of multiple dimensions (e.g. the height, width and depth of a room) in order
to stimulate multiple senses, because this is directly linked to the episodic and procedural
memory, and thereby also learning (Tulving, 1985). Thus, this paper takes an extended view
on visualization by defining it as a dynamic and participatory process where multi-
dimensional methods and media are used to stimulate multiple senses so that project
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participants can explore and exploit knowledge, and form a shared mental model of the
project.

Although the mainstream product development literature describes many tools, such as Gantt
charts, that produce useful images for management (Forsberg et al., 2005; Ulrich and
Eppinger, 2003), they seldom discuss how to work with visualization in product development
projects. In addition, Taxén and Lilliesk6ld (2008) argue that the problem is that many of
these traditional tools produce visual images that are focused on optimizations and control
rather than action and coordination. They also claim that the ‘cognitive load’ of deciphering
these images can easily become too complex as they compress different modalities into a
single image. The tools have also been criticized for lacking flexibility and adaptability
(Davies and Hobday, 2005; Hobday, 1998). For example, Christensen and Kreiner (1997)
state that many traditional approaches are useful for providing high operational performance
in stable environments, but are less useful when the prerequisites change. Based on a case
study of a complex, uncertain and time-critical product development project in the telecom
industry, Lindkvist et al. (1998) argue that all issues cannot be solved at the outset of this kind
of product development project so public arenas seem to be vital for communicating changes
and establishing a commitment from project members. The authors conclude that it appears
that traditional structures and mechanisms are somewhat useful in this kind of product
development, but that other mechanisms are also needed. Jaafari (2003) proclaims that there is
an acute need to develop approaches that allows for feed-back and reflection, and that can be
used in projects that are both complex and uncertain. Our paper addresses this critique by
proposing how visualization can used in product development where complexity and
uncertainty must be dealt with simultaneously.

Research shows that visual objects are often crucial for mediating boundaries between
practices such as R&D and manufacturing in product development (Carlile, 2002). Benchky
(2003) argues that engineering drawings ‘embed knowledge’ and they therefore serve as
boundary spanning objects. Ewenstein and Whyte’s (2009) study provides some insight into
the role of such objects, and the authors argue that visual objects are important for mediating
between epistemic communities within organizations. Their case data indicate that visual
representations have the power to bridge the concrete and the abstract, and they can be used to
communicate design ideas, to work collaboratively in problem solving and to coordinate the
inputs of different parties. While the authors provide a reasonably detailed discussion on
different objects, they do not elaborate on different methods used when visualizing. It is
plausible to assume that the method and media used will affect the usefulness of visual
objects. For example, Morgan and Liker (2006) report that paper based visual management, in
combination with sophisticated IT systems (e.g. CAD/CAM), is essential for effective
communication and coordination in product development projects at Toyota. Project rooms
are often utilized where engineers plaster the room’s walls and mobile walls with information
organized by vehicle parts. The information is then moved downstream to the plant as the
project progresses to manufacturing. Engineers who are not collocated visit the room
regularly (often daily) for collaborative work sessions (not traditional meetings). The authors
emphasize that it is essential to harmoniously bring together all the individual inputs to
achieve the desired objective. However, the authors provide relatively few details on how
project managers can work with visualization to accomplish this difficult task. Sobek and
Smally (2008) also draw on experiences from Toyota and they conclude that a strength of the
technique called ‘A3 reporting and thinking’ is that it reconciles multiple viewpoints and
encourages visualization of key synthesized information in order to communicate the message
clearly and efficiently. The book, however, provides rather static, two-dimensional solutions
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for visualization that do not address the critique against traditional product development tools
and images. Based on data from the telecom industry, Berggren et al. (2008) present solutions
to the management of complex product development and all the solutions revolve around
rapid, frequent and public communication using visual management. More specifically, the
authors present three theoretical interpretations:

1. There is inherent overoptimism and underestimation of the consequences of

complexity.
2. Visual structuring of interdependencies is critical to create shared mental maps.
3. Decision making needs to be enacted on stage and exercised daily as a core capability.

To sum up, literature on product development and project management has been criticized for
adopting a too rational perspective and focusing too much on detailed planning and
decomposition tools that are useful in stable environments (Davies and Hobday, 2005;
Hodgson and Cicmil, 2006; Packendorff, 1995). Successful product development
management in many modern firms requires specific efforts to elaborate and visualize system
requirements and interdependencies in order to create a shared understanding and to be able to
handle errors rapidly. Visualization provides a potentially important mean for effectively
identifying and articulating the often chaotic and emergent character in complex systems
development and it could increase the innovative potential of modern product development
and project management (Berggren et al., 2008). This seems to require dynamic and
participatory visualization so that information is revealed rather than hidden (cf. Whyte et al.,
2008). Research has compared the benefits and disadvantages of visualization (Bresciani and
Eppler, 2008; Eppler and Platts, 2009), see Table 1, and it seems that the results are dependent
on both media and method used when working with visualization. Our article extends the
view of visualization by studying the use of both media and method.

Table 1

Example of advantages and disadvantages in three categories

Categories Advantages Disadvantages

Cognitive Facilitating elicitation and synthesis of information, Ambiguity, confusion, cryptic encoding,
enabling new perspectives, allowing for more exhaustive technology/template driven, time consuming to
comparisons and making it easier to recall and sequencing. produce and cognitive overload.

Social Integrating  different  perspectives, assisting mutual Affordance conflict, inhibit conversation and
understanding, and tracking and showing different cross-cultural differences.
interdependencies.

Emotional Creating involvement and engagement, providing Disturbing, wrong use of colour and visual
inspiration, and providing convincing communication. stress.

" Source: based on Bresciani and Eppler (2008), and Eppler and Platts (2009)

3. Methodology

The data underpinning this paper draw on several sources. Most important are the practical
experience of one of the authors (Thomas De Ming) who has worked for decades with
visualization in R&D and various other forums. The experience include both temporary (e.g.
kick-offs) and more permanent (e.g. visualization rooms) tasks. He has worked in close
collaboration with a wide range of companies such as the truck manufacturer Scania and
SAAB Technologies. The experience is complemented with in-depth studies from an on-
going program for project managers in R&D called ‘Advanced Project Management’ (e.g.
Johnson and Nystrom, 2002; Nordenfelt et al., 2007) where the authors have coached project
managers who have investigated and introduced visualization techniques. The data were also
based on an in situ, case study of a world-leading developer and manufacturer of laser pattern
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generators that implemented numerous quasi-formalized visualization techniques (Gemzell
and Wadman, 2008; Olausson and Berggren, 2009).

In other words, the paper engages in co-production of knowledge based on a strong interplay
between the authors in order to codify the tacit knowledge of practitioners. It has been argued
that this kind of knowledge, which is created in the context of application, is robust (Nowotny
et al., 2003). While being a potentially fruitful approach, it seems to be relatively rare to
engage in this kind of cooperation in both the wider research community (Nowotny et al.,
2003) and in research on product development projects (Guo, 2008). As Berggren et al.
(2008) argue, this kind of knowledge does not allow for statistical generalizations, but offers
value by providing inspirations on innovative practices and contributing to the understanding
of highly demanding areas.

4. Two key challenges when working with visual management

Our analysis concentrates on the pedagogical processes and it revolves around challenges and
solutions when working with visual management to handle interfaces between departments.
While there may be many challenges to overcome in product development, such as to
establish trust, mutual goals and top management support, the analysis focuses on two
challenges that were identified as particularly important: to overcome (i) physical barriers and
(i) individual and departmental differences. The challenges are discussed in the light of
potential solutions based on reflected experience and practical examples.

Challenge 1 — To overcome physical barriers

People experience subtle, but clearly detectable, individual differences with regard to the
senses they prefer to use in a learning situation (Dunn and Dunn, 1979; Dunn et al., 1995;
Gardner, 1998; Levine, 2005). These differences affect people’s perceptiveness and their
ability to develop understanding and competencies. According to modern neurology science
(see Géardenfors, 2006 for an overview), the brain stores data in a way that it can be accessed
when our senses are stimulated, which mean that it is easier to remember and recall events
and facts that are associated with strong feelings and where multiple senses are stimulated
(see also Tulving, 1985). However, the importance of stimulating multiple senses when
working with visualization is seldom stressed in product development literature, which tends
to emphasize issues such as communication in general (Brown and Eisenhardt, 1995) and
clear messages in specific (Cooper and Kleinschmidt, 1995). While it is desirable to strive for
delivering unambiguous messages, it does not solve all problems as people interpret messages
depending on their own frame of references and experience before incorporating it into their
thought world. In fact, Sandberg and Targarna’s (1998; 2007) research demonstrates that it is
very difficult to influence a human’s frame of references by using rational arguments and
facts only. In order for someone to reinterpret their view of reality, Sandberg and Targarna
found that it is more effective if the individual is exposed to ‘concrete, personal and emotional
experiences’ in order to reveal and create new perspectives and patterns.

At several of the firms we have encountered, there are physical barriers that prevent the
stimulation of multiple senses and cross-functional visualization. The most obvious physical
barrier is distance. Research demonstrates that interdepartmental communication, across all
media, is inhibited when departments are dislocated (Sosa et al., 2002) even if the distance is
as short as 20 meters (Allen, 1977). We have found that there are also physical barriers with
respect to the properties of buildings (e.g. inflexible furniture). While the product
development literature has demonstrated the need for cross-functional teams and collocation,
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relatively little attention has been directed towards the physical properties and their
importance for communication in general and visualization in specific. A practical example is
Micronic which has typical meeting rooms in the sense that they contain a table, shares, a
whiteboard fixed to the wall and a projector fixed to the ceiling. As the firm started to
introduce dynamic visualization tools based on the use of physical artefacts (e.g. Post-IT
notes), they encountered physical barriers as the rooms were inflexible (e.g. tables were too
large to be mobile), there were too few whiteboards and the whiteboards could not be moved.
Micronic therefore introduced project rooms and large whiteboards on wheels. While this
seems to have improved communication (Gemzell and Wadman, 2008), the quality manager
at R&D argued that the whiteboards were still too inflexible as they consumed too much
space and they were not easy to move around (e.g. the elevator turned into a bottleneck). In
contrast, the theatre industry has for long acknowledged that scenography, props and different
techniques should be flexible so that visualization can vary according to the characteristics of
the task (Stuart, 2006). In addition, modern neuroscience shows that physical variation is
important to the extent that it has the potential to contribute to activating a larger part of the
neurological system, which is associated with improved learning (Gérdenfors, 2006). This
paper suggests that variation of visualization props should not be confused with unsystematic
procedures or randomness, since systematic approaches are generally associated with higher
performance (Ulrich and Eppinger, 2003), at least if it is not equated to a linear logic in
complex and uncertain product development (Christiansen and Varnes, 2008; Lindkvist et al.,
1998).

There are obviously many plausible solutions to stimulate multiple senses and introduce
systematic variation, and Pictures la-c illustrate a few examples. The pictures show a few
mobile building blocks that can be changed since they have multiple functions (e.g. table,
board, chair). For example, the people in Picture 1d are listening to a presentation where the
scenography has been arranged so that there is a close distance between people, which
stimulates discussions and allows them to see facial expressions, which are also an important
part of communication (source). The arrangement is similar in Picture 1e, which illustrates
‘Day of Projects’ where project managers at Scania present their projects. The audience first
listens to a short introduction of the 10 projects in the middle of the room (each project is
represented by a red block in the middle). Due to time limitations, the audience then chooses
the four projects that they want to learn more about and they attend the parallel dialogues that
take place on the left-hand side at different stations. All in all, the event can be viewed as a
knowledge theatre where project information is spread throughout the organization and
project managers receive vital feedback.

e~

PR ‘gr
A

Picture 1la-e. Flexible and multifunctional scenography

7
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Moreover, by using basic artefacts as a representation for both concrete and abstract activities
and processes (see Picture 2a), and asking people to visualize the process on the floor (Picture
2b), we have found that participants are able to use multiple senses, such as see and do.
According to experience from Toyota, the use of IT systems comes with the risk that
engineers are more focused on setting up the system and trying to solve IT restrictions than on
the content of visualization (Sobek and Smalley, 2008). In Picture 2c, the participants utilize a
figure, which represents a specific actor in a specific situation, to discuss important question.
Since participants are working with multiple senses, the approach is expected to have a
positive impact on learning (Dunn and Dunn, 1979; Dunn et al., 1995). In addition, other
studies show that physical objects can be useful for stimulating interface discussions, which
can reduce interdepartmental differences (Carlile, 2002; Ewenstein and Whyte, 2009). Picture
2d shows three physical artefacts that were used to facilitate a group discussion followed by a
cause-and-effect analysis. The artefacts represented different options (interesting, plus and
minus) and they were used to help the participants to consciously choose between different
mindsets and perspectives. To conclude, the findings presented in this sub-section illustrates
that a key challenge is

Challenge 1: to overcome physical barriers that hinder the facilitation of effective
visualization.

* Pictures 2a-d. Visualization that stimulates multiple senses

Challenge 2 — To overcome individual and departmental differences

A standard presentation using visual representations consisting of 200 Power-Point slides can
certainly be an experience that people will never forget. However, it is doubtful if it stimulates
participation or learning, at least not for all participants. Thus, while the project manager is
overall responsible for visualization in the product development project, including
scenography, the data in this paper suggest that visualization is most effective when the
participants create it. The reason is that it may help to overcome some of the identified risks
with visualization, such as affordance confusion (Nicolini, 2007), see Table 1. The co-
creation of visualization could also be important for identifying personal and
interdepartmental differences among project participants, in particular as other studies



Olausson & de Ming Visualization

demonstrate that such differences can have a significant impact on product development
performance (e.g. Dougherty, 1992; Xie et al., 2003). On several occasions, we have
witnessed that visualization fails to make an impact due to a lack of participation, which
results in that visual representations are not utilized. For example, a Toyota visualization
technique for project coordination called Visible Planning was introduced at Scania with little
emphasis on participation from project members or cultural adaptations. The results were far
from satisfying and there was what could be described as passive resistance, e.g. people
neither opposed the initiative, nor supported or embraced it (Dimitriou and EkI6f, 2004). In
April 2008, a process manager explained that they now focused on these issues to a greater
extent during the reimplementation. Moreover, it was time consuming to implement the
technique, which has also been reported from firms in the electronics industry (Gemzell and
Wadman, 2008) and the construction industry (Dalman, 2005).

If the project members are not co-creating the visualization, the visual representation risks
being a mere communication tool, which may be good enough, rather than a dynamic method
for knowledge exploration and exploitation. A practical example can be found at Micronic.
The firm developed a new platform and the manager for the sub-project ‘industrialization’
was responsible for linking R&D and manufacturing. The planning was conducted through a
series of conversations and then the manager presented the plan using an IT tool (i.e. MS
Project). The project experience review revealed several problems with this approach, such as
misalignment of work at the operative level, a lack of understanding for the project among
participants and an inability to access and update the plan since few had access to and
knowledge about the software. This is in contrast to the next platform project at Micronic
where almost 100 engineers were involved in the planning process using simple physical
artefacts and where several co-joint sessions took place to synchronize plans between
departments such as R&D and manufacturing. The project experience review in this project
revealed that project members had a greater insight into the characteristics of the project, had
been more active in the planning process, and were in a better position to handle changes, as
these were visible in the public communication arenas where numerous informal and formal
discussions took place.

Product development research shows that there are significant differences between people
working in different departments (e.g. Griffin and Hauser, 1996; Lawrence and Lorsch, 1967).
Dougherty (1992) even concludes that people in different departments have different thought
worlds. This paper suggests that one approach to bridge these differences is simulation.
Simulation in this paper does not refer to advanced computer simulations in product
development that could take months (e.g. Nightingale, 2000), but rather relatively short
meetings between people who tries to foresee different aspects by taking different roles and
using visual aids. This kind of basic simulation can be compared to role-plays or
experimentations, and it is likely to be particularly useful in the early stages of complex and
uncertain projects for generating knowledge and detecting both problems and opportunities
(Pisano, 1996). Simulation may also be used to test the visualization, e.g. the project manager
can envisage how people will react during the visualization to anticipate how people will react
and if the scenografy is flexible enough. Picture 3a illustrates an example where figures have
been used by the participants in order to identify the key actors in a specific project. Each
actor is represented by a figure and a description has been written down on a sticky note. The
project goals, risks, and methods/tools have also been visualized as an important reminder
(see background of picture). Picture 3b demonstrates how a group is visualizing different
project activities and the order of execution. By literally constructing a visual room with clear
patterns, the group is able to both highlight and handle large amounts of information. Once
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the necessary information is available, the participants simulate the actual project with the aim
to identify critical factors that the project team needs to monitor during the execution. Picture
3c was taken during a simulation of how questions are processed and dealt with in different
project decision forums (each forum is represented by figures and a pillar). Participants are
placed on different sides of the process (i.e. the aisle), because they analyze the process from
different perspectives to be able to detect what happens in different decision forums.

Pictures 3a-c. Visualization and simulation

The fact that project members take part in the creation of visual representations does not
prevent the project manager from ensuring that certain key information is visualized. Our
experience suggests that it is beneficial to visualize three kinds of information: goals,
processes and key methods. This is in line with reports that claim that Toyota visualizes three
kinds of data: dynamic (e.g. project status), structural (e.g. the project model) and
performance (e.g. time, quality and costs) (Morgan and Liker, 2006). Picture 4a illustrates an
example where key information has been visualized on physical objects to make it easier to
synthesize and perceive patterns. It could be useful if the project manager helps the
participants to arrive at some sort of overall conclusion or pattern as this may help to reduce
the memory workload (cf. Tulving, 1985). It is potentially distressing for participants if they
leave a session with only fragmented information. Picture 4b provides an alternative approach
to the same theme. The people have been asked to place notes on the right place on the actual
product (a truck), which was followed by a group discussion on product features and
improvements. The aim with this approach was to improve the group’s ability to understand
the product and its context. Picture 4c offers a third alternative where zoning principles (cf.
Bilalis et al., 2002) have been used to direct the participants’ perceptiveness with regard to
awareness and interpretation. In short, the room has been divided into different zones, which
corresponds to different work tasks.

10



Olausson & de Ming Visualization

Pictures 4a-c. Three approaches used when visualizing key information

Visualization can also be used to ensure that differences between people are made visible by
using visualization processes where participants take a stand and thereby make their opinion
visible. Other studies show that visible commitment is important in complex product
development (Berggren et al., 2008; Lindkvist et al., 1998). A practical example is illustrated
in Picture 5a where the participants represent different project steering groups for sub-projects
in a large project and they are asked to take side in different issues by clearly showing their
point of view by standing on different positions in the room. Picture 5b demonstrates a
situation where information has been visualized on different walls and people are asked to
sit/stand next to the one that corresponds to their opinion. To conclude, based on the
reasoning in this sub-chapter, a second key challenge is

Challenge 2: to overcome individual and departmental differences that hinder the
facilitation of effective visualization.

Picture 5a-b. People take a stand

Summing up

Research into the difficult task of managing product development projects have often resulted
in rational planning techniques that decompose the project into independent work packages.
The result is generally presented and communicated through the visual representation of two-
dimensional images. However, the research has been criticized for being too rational and
producing images that are static (Taxén and Lillieskold, 2008). The analysis argues that an
extended view on visualization, including not only visual images but also the process of

11
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visualizing, is one useful way for overcoming physical barriers and individual as well as
departmental differences (cf. Dougherty, 1992).

While this paper focuses on how to work with visualization, it is important to bear in mind
that working with visualization entails both benefits and risks (Bresciani and Eppler, 2008;
Eppler and Platts, 2009). For example, failing to include project members in the actual
visualization or adapt the visualization used to the corporate culture could result in resistance.
Working with visualization may be time consuming, as in the Micronic case where 100
people were involved, and seems to require a leadership style focused on decentralization and
visions rather than detailed rules and regulation (cf. Sandberg and Targama, 2007). Thus, in
contrast to what many advocates state, visualization can potentially result in lower
productivity if it is a mere add-on. It may be necessary to replace the old working procedures
by visualization to improve productivity. For example, the workload could double if a
company retains the procedure of writing protocols, but also demands that the project group
visualizes the same aspects on walls in project rooms. In addition, this imposes a risk of
mismatches between the information stored in computers and on the walls. In order to take
full advantage of visualization, it may be necessary to replace current procedures by visual
group memories that can be incorporated in the physical visualization environment.

5. Conclusions and discussion

This paper engages in co-production of knowledge based on close interaction and codification
of tacit knowledge of practitioners, and the approach was deemed as appropriate due to the
limited number of studies of visualization. The examples provided in the paper derive from a
wide range of companies and the results have often exceeded the project participants’
expectations. For example, one project manager at Scania claimed that the project lead-time
was reduced by six months after only a few hours of work with this kind of dynamic and
participatory visualization. Although it took time to introduce new visualization approaches,
two project managers at the world leading equipment manufacturer Micronic argued that it
improved communication within the project and with the line organization, revealed
mismatches between the sub-projects’ plans and facilitated a shared understanding of the
ambiguous requirements and solutions (Gemzell and Wadman, 2008). In addition, we have
conducted evaluations in relation to visualization activities, such as the knowledge theatre,
and the average scores have consistently been above four on a five point scale with regard to
‘overall satisfaction’ and ‘usefulness for practice’. While this kind of research can provide
robust knowledge (Nowotny et al., 2003), it is necessary to generalize the findings with
caution and it is necessary to conduct further investigations based on more systematic data
collection and rigorous research design.

Nevertheless, the findings could be of value as they provide inspiration on innovative
practices in an area of new product development that few have focused on, i.e. how to work
with visualization in complex and uncertain product development. More specifically, this
paper contributes to New Product Development-literature by focusing on how visualization
can be used to handle two challenges, namely (i) physical barriers, and (ii) personal and
departmental barriers. Previous research shows that these barriers are particularly relevant in
product development that is characterized by complexity and uncertainty, because
departments are generally highly specialized and differentiated (Lawrence and Lorsch, 1967),
interdependencies are numerous and ambiguous (Prencipe et al., 2003), and prerequisites
change during the execution of projects (Wheelwright and Clark, 1992). In this kind of
product development, research demonstrates that interdepartmental coordination becomes

12
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even more important and that an elaborative mix of approaches are needed, such as flexible
adaptation and experiential planning (Eisenhardt and Tabrizi, 1995), basic simulation and
feedback processes (Pisano, 1996), co-location during critical periods (Lakemond and
Berggren, 2006), communication arenas (Soderlund, 2002) and frequent update of
information in public (Berggren et al., 2008).

In relation to this, our paper provides practical examples and solutions which illustrate the
importance of utilizing quasi-formalized visualization to achieve controlled variation,
flexibility and responsiveness. This is in contrast to mainstream product development and
project management which has largely turned into an administrative, bureaucratic and
planning oriented discipline (for a critical review see Hodgson, 2002; Hodgson and Cicmil,
2006). While the project manager has an important pedagogical role in facilitating quasi-
formalized visualization (cf. S6derlund, 2002), this paper argues that the actual visualizing is
a quest of co-production between project members from R&D and other departments, and,
sometimes, people from the line organization. It seems that the characteristics of complex and
uncertain product development result in a need for interactive, flexible and adaptive methods
and media when working with visualization.

References

Allen, T.J., 1977. Managing the flow of technology: Technology transfer and the
dissemination of technological information within the R&D organization. MIT P.,
cop., Cambridge, Mass.

Bechky, B.A., 2003. Object lessons: Workplace artifacts as representations of occupational
jurisdiction. American Journal of Sociology. 109(3), 720-752.

Berggren, C., Séderlund, J., Jarkvik, J., 2008. Lagomizing, organic integration, systems
emergency wards, and the practice of project management. Project Management
Journal. 39(S1), S111-S122.

Bilalis, N., Scroubelos, G., Antoniadis, A., Emiris, D., Koulouriotis, D., 2002. Visual factory:
Basic principles and the 'zoning' approach. International Journal of Production
Research. 40(15), 3575-3588.

Bresciani, S., Eppler, M.J., 2008. The risks of visualization: A classification of disadvantages
associated with graphic representations of information (No. ICA Working Paper #
1/2008, February 2008, downloaded from http://www.visual-
literacy.org/pages/articles.ntm on 2009-04-01).

Brown, S.L., Eisenhardt, K.M., 1995. Product development: Past research, present findings,
and future directions. Academy of Management Review. 20(3), 343-378.

Carlile, P.R., 2002. A pragmatic view of knowledge and boundaries: Boundary objects in new
product development. Organization Science. 13(4), 442—-455.

Christensen, S., Kreiner, K., 1997. Projektledning: Att leda och lara i en ofullkomlig varld.
Academia Adacta, Bjarred.

Christiansen, J.K., Varnes, C., 2008. From models to practice: Decision making at portfolio
management. International Journal of Quality & Reliability Management. 25(1), 87-
101.

Clark, K.B., Fujimoto, T., 1991. Product development performance: Strategy, organization,
and management in the world auto industry. Harvard Business School Press, Boston,
Massachusetts.

Cooper, R.G., Kleinschmidt, E.J., 1995. Benchmarking the firm's critical success factors in
new product development. Journal of Product Innovation Management. 12(5), 374-
391.

13



Olausson & de Ming Visualization

Daft, R.L., Lengel, R.H. 1984. Information richness: A new approach to managerial behavior
and organization design, in: Staw, B.M. & L.L. Cummings (Eds.), Research in
organizational behavior, Vol. 6. JAI Press Inc., Greenwich, Connecticut, pp. 191-233.

Daft, R.L., Lengel, R.H., 1986. Organizational information requirements, media richness and
structural design. Management Science. 32(5), 554-571.

Dalman, C., 2005. Visible planning [project report in Swedish]. PEAB, Forslov.

Davies, A., Hobday, M. (Eds.). 2005. The business of projects: Managing innovation in
complex products and systems. Cambridge University Press, Cambridge.

De Meyer, A., 1991. Tech talk: How managers are stimulating global R&D communication.
Sloan Management Review. 32(3), 49-58.

Dennis, P., 2002. Lean production simplified: A plain-language guide to the world's most
powerful production system. Productivity Press, New York.

Dimitriou, ., EKI6F, H., 2004. Implementation of visible planning - a study of the introduction
of a visualization method of the product development process at Scania. Unpublished
MSc thesis, Royal Institute of Technology, Stockholm.

Dougherty, D., 1992. Interpretive barriers to successful product innovation in large firms.
Organization Science. 3(2), 179-202.

Dunn, R.S., Dunn, K.J., 1979. Learning styles/teaching styles: Should they...Can they...Be
matched? Educational Leadership. 36(4).

Dunn, R.S., Griggs, S.A., Olson, J., Beasly, M., Gorman, B.S., 1995. A meta-analytic
validation of the Dunn and Dunn model of learning-style preferences. Journal of
Educational Research. 88(6), 353-362.

Eisenhardt, K.M., Tabrizi, B.N., 1995. Accelerating adaptive processes: Product innovation in
the global computer industry. Administrative Science Quarterly. 40(1), 84-110.

Eppler, M.J., Platts, K.W., 2009. Visual strategizing: The systematic use of visualization in
the strategic-planning process. Long Range Planning. 42(1), 42-74.

Ewenstein, B., Whyte, J., 2009. Knowledge practices in design: The role of visual
representations as 'epistemic objects'. Organization Studies. 30(1), 7-30.

Forsberg, K., Mooz, H., Cotterman, H., 2005. Visualizing project management: Models and
frameworks for mastering complex systems, 3rd ed. John Wiley & Sons, Inc.,
Hoboken, N.J.

Gardner, H., 1998. De sju intelligenserna [in Swedish]. Brain Books, Jénkdping.

Gemzell, C., Wadman, V. 2008. Cross-functional visualization: A study of communication
flows within Prexision-10, the largest product development project in Micronic's
history, in: Berggren, C. (Ed.), Advanced Project Management 2007: Essays in the
course Advanced Project Management. LinkOping University, Linkdping, pp. 173-
202.

Greif, M., 1991. The visual factory : Building participation through shared information.
Productivitiy Press, Cambridge, Mass.

Griffin, A., Hauser, J.R., 1996. Integrating R&D and marketing: A review and analysis of the
literature. Journal of Product Innovation Management. 13(3), 191-205.

Guo, L., 2008. Perspective: An analysis of 22 years of research in JPIM. Journal of Product
Innovation Management. 25(3), 249-260.

Gardenfors, P., 2006. Den meningssékande manniskan [in Swedish]. Natur och kultur,
Stockholm.

Hilborn, E., Lugnfors, J. 2004. Visualizing projects [in Swedish], in: Berggren, C. (Ed.),
Advanced Project Management 2003: Essays in the course Advanced Project
Management. LinkOping University, Linkdping, pp. 1-32.

Ho, S., 1993. Transplanting Japanese management techniques. Long Range Planning. 26(4),
81-89.

14



Olausson & de Ming Visualization

Hobday, M., 1998. Product complexity, innovation and industrial organisation. Research
Policy. 26(6), 689-710.

Hodgson, D., 2002. Disciplining the professional: The case of project management. Journal of
Management Studies. 39(6), 803-821.

Hodgson, D., Cicmil, S. (Eds.). 2006. Making projects critical. Palgrave MacMillan, New
York.

Hakansson, L., Nobel, R., 1993. Determinants of foreign R&D in Swedish multinationals.
Research Policy. 22(5-6), 397-411.

Jaafari, A., 2003. Project management in the age of complexity and change. Project
Management Journal. 34(4), 47-57.

Johnson, A., Nystrom, J. 2002. Precise information! Factors affecting information sharing in
projects [in swedish], in: Berggren, C. (Ed.), Advanced Project Management 2001.:
Essays in the course Advanced Project Management. Linkdping University,
Linkdping, pp. 113-141.

Keller, R.T., 1986. Predictors of the performance of project groups in R&D organizations.
Academy of Management Journal. 29(4), 715-726.

Kiesler, S., Cummings, J.N. 2002. What do we know about proximity and distance in work
groups? A legacy of research, in: Hinds, P. & S. Kiesler (Eds.), Distributed work. MIT
Press, Cambridge, Massachusetts, pp. 57-80.

Krishnan, V., Ulrich, K.T., 2001. Product development decisions: A review of the literature.
Management Science. 47(1), 1-21.

Lakemond, N., Berggren, C., 2006. Co-locating NPD? The need for combining project focus
and organizational integration. Technovation. 26(7), 807-8109.

Lakemond, N., Johansson, G., Magnusson, T., Séafsten, K., 2007. Interfaces between
technology development, product development and production: Critical factors and a
conceptual model. International Journal of Technology Intelligence and Planning.
3(4), 317-330.

Lawrence, P.R., Lorsch, J.W., 1967. Organization and environment: Managing differentiation
and integration. Harvard University, Boston, Massachusetts.

Levine, M.D., 2005. En tanke i taget: Hur du som larare eller forélder kan hjalpa ditt barn att
upptécka hela sitt sinne [in Swedish]. Brain Books, Jonkdping.

Lindkvist, L., S6derlund, J., Tell, F., 1998. Managing product development projects: On the
significance of fountains and deadlines. Organization Studies. 19(6), 931-951.

Loch, C.H., Solt, M.E., Bailey, E.M., 2008. Diagnosing unforeseeable uncertainty in a new
venture. Journal of Product Innovation Management. 25(2), 28-46.

Miller, G.A., 1956. The magical number seven, plus or minus two: Some limits on our
capacity for processing information. Psychological Review. 63(2), 81-97.

Morgan, J.M., Liker, J.K., 2006. The Toyota product development system: Integrating people,
process, and technology. Productivity Press, New York.

Nicolini, D., 2007. Studying visual practices in construction. Building Research &
Information. 35(5), 576-580.

Nightingale, P., 2000. The product—process—organisation relationship in complex
development projects. Research Policy. 29(7-8), 913-930.

Nordenfelt, I., Guardiola, R., Malmberg, A. 2007. Visualizing projects [in Swedish], in:
Berggren, C. (Ed.), Advanced Project Management 2006: Essays in the course
Advanced Project Management. Linkdping University, Linkoping, pp. 1-38.

Nowotny, H., Scott, P., Gibbons, M., 2003. ‘Mode 2’ revisited: The new production of
knowledge. Minerva. 41(3), 179-194.

15



Olausson & de Ming Visualization

Olausson, D., Berggren, C., 2009. A dilemma of managing challenges in uncertain, complex
development projects: In search of controlled responsiveness and flexibility. R&D
Management [re-submitted].

Packendorff, J., 1995. Inquiring into the temporary organization: New directions for project
management research. Scandinavian Journal of Management. 11(4), 319-333.

Pisano, G., 1996. Learning-before-doing in the development of new process technology.
Research Policy. 28(7), 1097-1119.

Preece, J., 1994. Human-computer interaction. Addison-Wesley, Wokingham.

Prencipe, A., Davies, A., Hobday, M. (Eds.). 2003. The business of systems integration.
Oxford University Press, Oxford.

Riggs, H.E. 2004. Communication between engineering and production: A critical factor, in:
Burgelman, R.A., C.M. Christensen & S.C. Wheelwright (Eds.), Strategic
management of technology and innovation, 4th ed. McGraw-Hill/Irwin, New York,
pp. 970-976.

Sandberg, J., Targama, A., 1998. Ledning och forstaelse: Ett kompetensperspektiv pa
organisationer [in Swedish]. Studentlitteratur, Lund.

Sandberg, J., Targama, A., 2007. Managing understanding in organizations. SAGE, London.

Schrader, S., Riggs, W.M., Smith, R.P., 1993. Choice over uncertainty and ambiguity in
technical problem solving. Journal of Engineering and Technology Management.
10(1-2), 73-99.

Shenhar, A.J., Dvir, D., 2007. Reinventing project management: The diamond approach to
successful growth and innovation. Harvard Business School Press, Boston, Mass.

Sobek, D.K., Smalley, A., 2008. Understanding a3 thinking: A critical component of Toyota's
PDCA management system. Productivity Press, Boca Raton.

Sosa, M.E., Eppinger, S.D., Pich, M., McKendrick, D.G., Stout, S.K., 2002. Factors that
influence technical communication in distributed product development: An empirical
study in the telecommunications industry. IEEE Transactions on Engineering
Management. 49(1), 45-58.

Stuart, F.1., 2006. Designing and executing memorable service experiences: Lights, camera,
experiment, integrate, action! Business Horizons. 49(2), 149-159.

Sdderlund, J., 2002. Managing complex development projects: Arenas, knowledge processes
and time. R&D Management. 32(4), 419-430.

Taxén, L., Lillieskold, J., 2008. Images as action instruments in complex projects.
International Journal of Project Management. 26(5), 527-536.

Tulving, E., 1985. How many memory systems are there? American Psychologist. 40(4), 385-
398.

Ulrich, K.T., Eppinger, S.D., 2003. Product design and development, 3rd ed. McGraw-Hill,
Boston.

Vandevelde, A., Van Dierdonck, R., 2003. Managing the design-manufacturing interface.
International Journal of Operations & Production Management. 23(11), 1326-1348.

Wenell, T., 2001. Wenell om project [in Swedish]. Uppsala Publishing House, Uppsala.

Wheelwright, S.C., Clark, K.B., 1992. Revolutionizing product development: Quantum leaps
in speed, efficiency and quality. Free Press, cop., New York.

Whyte, J., Ewenstein, B., Hales, M., Tidd, J., 2008. Visualizing knowledge in project-based
work. Long Range Planning. 41(1), 74-92.

Xie, J., Song, M., Stringfellow, A., 2003. Antecedents and consequences of goal incongruity
on new product development in five countries: A marketing view. Journal of Product
Innovation Management. 20(3), 233-250.

Zhang, P., 1998. An image construction method for visualizing managerial data. Decision
Support Systems. 23, 371-387.

16



